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A much-needed Atlas of Neuroendoscopy is here! That was my first thought when I received 
a copy of the manuscript of the present atlas. It is hard to believe the speed with which the 
practice of neuroendoscopy for the brain and skull base has advanced in the past two decades. 
Endoscopic approaches to the third ventricle remain as the most basic and essential approaches 
for the beginning endoscopic neurosurgeon. An excellent understanding of the third ventricu-
lar anatomy is a basic requirement prior to the performance of the most basic neuroendoscopic 
procedures, such as endoscopic third ventriculostomy (ETV).

This well-designed atlas comprises seven rich chapters. The first chapter focuses on the 
historical, morphological, and physiological aspects of the ventricular system, while the sec-
ond chapter details the general principles of endoscopic neurosurgery, including historical 
evolution, basic endoscopic techniques, and procedural indications. The third chapter gives the 
reader a detailed description of the techniques for entry into the third and lateral ventricles, 
while the fourth chapter provides a thorough endoscopic anatomy of the anterior, middle, and 
posterior segments of the third ventricle. The last three chapters enrich the reader’s appetite 
with a more complex neuroendoscopic assessment of the interpeduncular and prepontine cis-
terns, as well as outlining clinical applications in cases of suprasellar arachnoid cyst and 
hydranencephaly.

I congratulate Dr. Roberto Dezena, an outstanding Brazilian neurosurgeon, on this excellent 
effort to advance the education of neurosurgeons and neurosurgical students worldwide in the 
field of ventricular neuroendoscopy. This meticulous effort of collecting a large number of 
intraoperative endoscopic images from a personal clinical series required significant hard work 
and dedication to the field of neuroendoscopy. The main recent advances in the field of hydro-
cephalus and intraventricular pathologies relate to modern radiological investigations and 
modern management via minimally invasive endoscopic approaches, since shunts are no lon-
ger the exclusive treatment for a patient with hydrocephalus. The evolution of neuroendo-
scopic techniques to treat hydrocephalus and intraventricular tumors, cysts, and infections has 
led to significant improvements in the quality of life of millions of patients worldwide, as well 
as reducing the significant morbidity and mortality rates associated with shunting alone. This 
evolution in the field requires excellent anatomical and procedural endoscopic resources for 
the practicing neurosurgeon, such as those provided by the contribution of this remarkable 
neuroendoscopic atlas. This remarkable multimedia book reflects the technological advances 
in endoscopic equipment and instrumentation achieved in the past two decades. This atlas is a 
must-have resource for neurosurgeons who are early or advanced in their endoscopic experi-
ence, pediatric neurosurgeons, and all physicians involved in the care of patients with intracra-
nial and intraventricular disease.

Division of Pediatric Neurosurgery Samer K. Elbabaa 
Saint Louis University School of Medicine
Saint Louis, MO, USA

Foreword



ix

 

A medical book is not created by chance. It is created, most often, as the result of living 
and experiences. On the other hand, it may result from the need for a simple, practical and 
easily accessible work. According to this reasoning, this book was not designed specifically 
for the luminaries of world neuroendoscopy, whose enormous expertise goes far beyond the 
contents of this work. It was, rather, intended for those who wish to take the first steps in 
endoscopic neurosurgery, such as general neurosurgeons, young neurosurgeons, neurosurgi-
cal residents, medical students, and professionals in related fields, such as neurologists, neu-
roscientists, and health professionals in general who are curious about the subject. Despite the 
title of the book, it looks at more than just the third ventricle. Rather, it deals with the princi-
pal ventricular locations and their surroundings, which the neuroendoscopist must know thor-
oughly. Of all these sites, the third ventricle should undoubtedly be the center of attention, 
given its strategic position in the center of the ventricular system. For a comprehensive but 
concise description of the structures, the book was divided into two parts. Part I presents basic 
general concepts of the ventricular system and the neuroendoscopic ventricular technique in 
two chapters. Part II, comprising five chapters, is the atlas itself. In Part I, Chap. 1 deals spe-
cifically with the cerebral ventricles, the ventricular neuroendoscopy battlefield, emphasizing 
the historical aspects of their description, their classic anatomy, and the complex mechanism 
of the cerebrospinal fluid circulation, which is not yet fully elucidated. In Chap. 2, also in Part 
I, the neuroendoscopic technique is presented, from its historical evolutionary aspects to con-
cepts, techniques, and current indications for ventricular approaches. Part II presents ven-
tricular endoscopic anatomy through properly labeled intraoperative images. In a different 
way of viewing the usual ventricular anatomy, the anatomical descriptions follow a logical 
sequence, from the entry of the neuroendoscope into the skull, through the lateral ventricle 
and its portions, to the third ventricle and its recesses, until the neuroendoscope reaches the 
opening in the floor of the third ventricle and the membrane of Liliequist, with the view of the 
main structures within the interpeduncular and prepontine cisterns. Part II also presents endo-
scopic anatomical aspects inside the suprasellar arachnoid cyst, as well as the endoscopic 
anatomical aspects of a disease in which there is no brain itself, much less ventricles, called 
hydranencephaly. All intraoperative endoscopic images, as well as all additional imaging 
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examinations for the illustrative cases presented, are from our series of patients, all operated 
at the Clinics Hospital of the Federal University of Triângulo Mineiro in Uberaba, Minas 
Gerais, Brazil, which is the main site of our neuroendoscopic practice and general 
neurosurgery.

A special thanks to all the members of my team, especially the surgical instrumentalists 
responsible not only for the preparation of the operating field and the important intraoperative 
assistance, but also for recording the surgeries on media. Without such recordings, this work 
would not have been possible. Far from being the final word on the subject, since new concepts 
and theories arise in the literature every day, our humble contribution to this fascinating and 
challenging field of neurosurgery comes to a close.

Uberaba, Minas Gerais, Brazil Roberto Alexandre Dezena

Preface
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The Ventricular System

1.1  Historical Aspects

The first description of the human ventricular system was 
made in the third century BC by the Greek anatomists 
Erasistratus (ca. 304 BC–ca. 250 BC) and Herophilus (ca. 
335 BC–ca. 280 BC), considered the first anatomists in his-
tory (Fig. 1.1). They were founders of the famous School of 
Medicine of Alexandria and both were allowed to perform 
dissections and vivisection on humans [1]. Erasistratus con-
sidered atoms as the essential elements of the human body, 
and considered that the atoms were vitalized by external air 
(pneuma), which circulated through the nerves. He described 
the heart valves and the sigmoid colon, and also suspected 
that the heart was not the center of the emotions, but that it 
worked like a pump. He was one of the first to distinguish 
veins from arteries, and he also believed that the arteries con-
tained air and carried the vital spirit (pneumazooticon) from 
the heart. This idea went against the prevailing belief at the 
time, that of body humors, suggested by Hippocrates. 
Additionally, Erasistratus is considered to be the first heart 
arrhythmologist, studying the rhythm of the heart. It is said 
that he was appointed royal physician after curing Antiochus 
I Soter, a Seleucid king, son of Seleucus I Nicator. By mea-
suring the heart palpitations of Antiochus, Erasistratus 
observed the reactions of the ailing man. He noted that when 
Antiochus’ young and beautiful stepmother, Stratonice, vis-
ited him, he had palpitations. Erasistratus concluded that it 
was the love of Antiochus for her that afflicted him, and so 
they were allowed to marry [2] (Fig. 1.2).

Herophilus studied the brain in detail, recognizing this 
organ as the center of the nervous system and intelligence. 
He described seven pairs of cranial nerves. He also distin-
guished blood vessels and nerves, including distinguishing 
the motor nerves from the sensory nerves. Other objects of 
his study were the eyes, liver, pancreas, salivary glands, 
digestive system, and genitals. He was one of Hippocrates’ 
scholars and wrote a treatise on the Hippocratic method. 
Erasistratus and Herophilus both had a particular interest in 
brain anatomy and, from the first human dissections known 

in history, described in the brain four “small stomachs” or 
“cells”, and their communications with each other. At that 
time, it was believed that the function of these cavities was to 
convert the vital spirit (pneumazooticon), contained in the 
blood and coming from the heart, into animal spirit (pneu-
mapsychikon), giving rise to thoughts and emotions [3]. It 
was Herophilus who described and defined the rearmost 
brain cavity (the fourth ventricle). This region was regarded 
as the command center of thoughts and emotions, and he 
compared its posterior wall to the reed pens that were used in 
Alexandria at the time, and thus emerged the name calamus 
scriptorius or calamus Herophili [4].

Claudius Galenus (ca. 129 – ca. 217), or simply Galen 
(Fig. 1.3), was one of the most important doctors of ancient 
times. Born in Pergamon, an ancient Greek city (now in 
Turkey), he traveled extensively throughout the Roman 
Empire, studying medicine. In 157, Galen returned to 

1

Fig. 1.1 Woodcut depicting ancient herbalists and scholars of medici-
nal lore, including the Alexandrian physicians Herophilus and 
Erisistratus. Spiegel der Arzney, woodcut, Lorenz Phryesen (1532)
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Fig. 1.2 Erasistratus, in red, shown discovering 
the cause of Antiochus’ disease. Antiochus and 
Stratonice, oil on canvas, Jacques-Louis David 
(1774), École Nationale des Beaux-Arts, Paris, 
France

Fig. 1.3 Claudius Galenus (ca. 129 – ca. 217). Engraving, Georg Paul 
Busch (eighteenth century)

Pergamon, where he reached the position of physician for the 
High Priest’s gladiators, and he became one of the richest 
and most influential men in all of Asia. He spent 4 years in 
that position and provided very important observations about 
anatomy and surgery. He reported the wounds of the gladia-
tors he treated as “windows into the body”. Needing to 
always keep gladiators healthy, as well as treat their injuries, 
he also highlighted the importance of diet, hygiene, preven-
tive medicine, and exercise. He provided detailed knowledge 
about general and brain anatomy, which, unfortunately, came 
from dissections of monkeys or oxen, a fact which, curi-
ously, was never mentioned in his works. Galen described 
the ventricles in considerable detail, as four cavities and their 
connections, two anterior, and two posterior (the third and 
fourth ventricles). He believed that the ventricles were 
responsible for storing the animal spirit (pneumapsychikon), 
which was regarded as the active ingredient for the brain and 
nerves. Although it was believed at the time that the ventri-
cles, particularly the anterior ventricle, were the source of 
pneumapsychikon, Galen argued that the soul and the most 
important cognitive functions were located in the periven-
tricular brain parenchyma. Such considerations are derived 
from his clinical observations at the gladiator’s school in 
Pergamon. He noted that when a traumatic injury affected 
the ventricles, death did not occur, even if sensitivity and 
strength were lost. Imagination, reason, and memory were 
regarded as the three constituents of the intellect, and it was 
thought that they could be affected separately. No illustra-
tions of Galen’s anatomical observations exist, as he encour-
aged his students to seek knowledge by handling structures 
and not by making illustrations [5, 6].

The cerebroventricular doctrine of the time of Galen was 
followed by the development of the Cell Doctrine, a curious 
blending of classical Greek medical concepts with Christian 
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ideologies. In the fourth century AD, the Byzantine physi-
cian Poseidon reconfigured the theories of Galen, probably 
being the first to report concepts of brain localization, stating 
that anterior brain injuries affect the imagination, medial 
brain injuries affect reason, and posterior regions, memory 
[4, 6]. At the same time, church officials, particularly 
Nemesius, Bishop of Emesa (ca. 390) and St. Augustine 
(354–430), sought to conceptualize the non-material nature 
of the soul. Little is known about Nemesius beyond the fact 
that he was a bishop, and that he innovatively attributed 
imagination to the connection between the cavity located in 
the frontal lobe and the five senses. The work attributed to 
him, De Natura Hominis, exerted a significant influence dur-
ing the scholastic period, although many authors believe the 
work was written by St. Gregory of Nyssa. In fact, in many 
ways, the work has ideas that are similar to the thought of the 
great Nicene doctor. It is a book currently studied in Catholic 
theology, and is a remarkable work showing the concern of 
the Bishop of Emesa with the accuracy of the concepts. His 
way of accepting or rejecting the doctrine of the ancients 
reveals a person with great knowledge of secular authors. De 
Natura Hominis also contributes to the doctrine of the ven-
tricular localization of mental functions. In fact, a doctrine 
was created, based on the Alexandrian and Galenic concepts, 
adapted to Catholic thought. An analogy was made with the 
Holy Trinity; hence, the division of the brain cavities into 

three cells. The Cell Doctrine remained in force throughout 
the Middle Ages. What are known today as the lateral ven-
tricles were considered to be a single cavity, the first cell of 
which, in its anterior part, received external impulses and 
other impulses from the rest of the body, characterizing the 
reception of common sense (sensus communis). From this 
region, imagination (imaginativa) and abstractions (fanta-
sia) were created, in the posterior part of the first cell. The 
second cell (now known as the third ventricle), or medial 
cell, was the site of the cognitive processes, such as reason 
(ratio), judgment (aestimativa), and thought (cogitativa). 
The function of the posterior cell (now known as the fourth 
ventricle) was changed from a galenic motor concept to the 
source of memory (memorativa) [6–8] (Fig. 1.4).

Albertus Magnus (ca. 1193–1280) (Fig. 1.5), also within 
Catholic thought, reinforced Cell Doctrine theory and believed 
that the brain functions were mediated by a system of ventri-
cles or paired chambers. The front ventricles (sensus commu-
nis) were associated with the processing of the five senses. 
Images formed therein passed to the medial ventricles, the seat 
of reason (ratio) and thought (cogitativa), and the posterior 
ventricle, the seat of memory (memorativa) [9, 10]. These 
concepts remained as dogma from the Dark Ages to the 
Renaissance, when they began to be seriously questioned, as a 
result of more accurate anatomical descriptions. Interestingly, 
at the time there were only non-illustrated descriptions of the 

Fig. 1.4 De natura hominis.
Oxford; 1671
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Fig. 1.5 Albertus Magnus (ca. 1193–1280). Fresco, Tommaso da 
Modena (1352), Dominican monastery, San Niccolò, Treviso, Italy

Fig. 1.6 Anatomy of the brain and surrounding vessels. Drawing illus-
trating a text originating in Salerno around 1250, by an unknown artist. 
Although somewhat simplistically and stylistically rendered, this illus-
tration represents the first known historical attempt at drawing the 
gyral-sulcal pattern of the cortex

cially receive authorization to perform dissections at the 
University of Bologna. His masterpiece, Anathomia Mundini, 
was completed in 1316. It was the first book in medical his-
tory devoted entirely to the structure and functioning of the 
human body, and was used for teaching anatomy for more 
than 200 years. Mondino personally carried out several dis-
sections on human cadavers, but he also made use of a ser-
vant, called a barber, working under his orders (Fig. 1.7). 
With such work, many questions were raised about the works 
of Galen, the dogmas of the time. As a result, Mondino is 
considered the “restorer of anatomy.” The editions of 
Anathomia Mundini up to 1478 were only handwritten, but 
were printed from then on. This because of the invention of 
the printing press by Johannes Gutenberg (ca. 1398–1468) 
has ocurred in the 1430s, with the first incunable, the 
Gutenberg Bible, being ready around 1455 [9, 10]. In the 
Middle Ages, books had practically no illustrations, and so 
Anathomia Mundini did not have anatomical figures until the 
edition of 1521 [13–15] (Figs. 1.8, 1.9, and 1.10).

Cell Doctrine. The first known drawing of the brain illustrated 
a text from around 1250, from Salerno, by an unknown author 
(Fig. 1.6). The drawing is a full-body design with a representa-
tion of the thoracic and abdominal cavities, in addition to rep-
resentations of the blood vessel systems [11, 12].

Still in the Dark Ages, it is worth highlighting Mondino 
de Luzzi (ca. 1270–1326). He was the first physician to offi-
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Fig. 1.7 Title page of Anathomia Mundini, edition of 1493, depicting a 
barber surgeon and a physician (probably Mondino) preparing an ana-
tomical dissection. The work was essentially a dissection manual and 
had great longevity, with approximately 30 manuscripts and editions 
being available between the fourteenth and sixteenth centuries. 
Woodcut, Martin Pollich (1493)
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Fig. 1.8 Anathomia Mundini. Edition of 1507 without anatomical figures. Venice; 1507 (Image courtesy of History of Science Collections, 
University of Oklahoma Libraries)

1 The Ventricular System
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Fig. 1.9 Anathomia Mundini. 
Illustrated edition of 1541. 
Interestingly, this shows 
inevitabile fatum as a common 
destiny for all humankind (Image 
courtesy of History of Science 
Collections, University of 
Oklahoma Libraries)
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Guido da Vigevano (ca. 1280 – ca. 1349), great inventor, 
physician, and student of Mondino, also performed dissec-
tions on cadavers, and his manuscript, Anathomia, was pub-
lished in 1345, showing an innovation at the time: the 
presence of anatomical illustrations [16, 17]. The work dem-
onstrates, for the first time, in six plates, images of the head, 
brain, and spine. These images, although schematic and very 
rudimentary, were typical of medieval times, due to the lack 
of  perspective in the drawings (Figs. 1.11 and 1.12). They 
can be considered as the first neuroanatomical drawings in 
history, and were the basis for the development of anatomi-
cal science in the Renaissance, during which time the ulti-
mate conjunction between science and art took place, 
reaching its peak with the phenomenal Fabrica of Vesalius. 
[16–18].

Leonardo da Vinci (1452–1519) was the first person to 
combine the experience of an artist with a profound under-
standing of anatomy. From the newly introduced technique 
of the perspective derived from Filippo Brunelleschi (1377–
1446), he outlined anatomical figures with extreme preci-
sion. Leonardo was a pupil of Andrea del Verrocchio 
(1435–1488), in Florence, the cradle of the Renaissance, 
where the perspective technique had been established. 
Although his work with brain illustrations did not have much 
influence on his contemporaries, Leonardo brilliantly united 
art and science, with masterly application of the perspective 
technique. Around 1487, Leonardo began to record his per-
sonal ideas and experiences with anatomy. In his nocturnal 
dissections, he found his way between the traditional scho-
lasticism and the precise designs made from the direct visu-

Fig. 1.10 Anathomia Mundini. 
Illustrated edition of 1541. It is 
possible to see some sketches of 
the lateral ventricles (Image 
courtesy of History of Science 
Collections, University of 
Oklahoma Libraries)

1 The Ventricular System
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alization of anatomical parts. However, his first famous 
drawing of the brain was still based on the Cell Doctrine 
(Fig. 1.13). Only in the period between 1504 and 1510, dur-
ing which Leonardo had his first experiences with ventricu-

lar wax injection, in animals such as oxen, or even in corpses, 
was it possible to view the ventricles as truly as possible 
(Fig. 1.14). Thus came about the first ventricular images in 
true perspective (Fig. 1.15) [19–22].

Despite this evolution in ventricular concepts shown by 
Leonardo at this time of transition in the Renaissance, there 
were still authors who blindly defended the Cell Doctrine 
(Figs.1.16, 1.17, and 1.18).

Other contemporary brain anatomists, such as Jacopo 
Berengario da Carpi (ca. 1460–1530) and Johannes 
Eichmann, also known as Johannes Dryander, or simply 
Dryander (1500–1560), succeeded Leonardo, and the work 
of these authors together provided a growing realism in 
graphic representation of the brain. The great precision of 
the illustrations was noted, arising from personal participa-
tion in dissections and due to the improvement in cadaverous 
fixation techniques [29]. Although the drawings of these two 
artists are not necessarily completely precise (the two artists 
are contradictory to some extent, since they still use some 
illustrations from the Cell Doctrine), such works solidified 
the decline, initiated by Leonardo, of the medieval concepts 
(Figs. 1.19, 1.20, and 1.21). In addition, these publications 
and illustrations laid the foundation for Vesalius to develop 
Fabrica. There is evidence that Dryander and Vesalius had 
contact with each other’s work. In the translation of 

Fig. 1.11 Plate XI from Anathomia of Guido da Vigevano, showing 
trephination of the head by means of a scalpel and a hammer (Reprinted 
from Wickersheimer et al. [17])

Fig. 1.12 Plate XIV from Anathomia of Guido da Vigevano, showing 
the internal meningeal layer (“vocatur pia mater, cerebrum coo-
periens”) (Reprinted from Wickersheimer et al. [17])

Fig. 1.13 “The Layers of the Scalp Compared with an Onion” (ca. 
1490–1492). Still relying on the Cell Doctrine theory, Leonardo drew 
the brain in pen and ink according to the accepted notion of three cells, 
while the rest of the head was drawn realistically [23]
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Fig. 1.14 “The brain injected to demonstrate the shape of the cerebral 
ventricles” (ca. 1508–1510). By dissecting human cadavers and per-
forming experiments with animals, Leonardo brought realism to his 
anatomical drawings in pen and ink. This picture comes from the wax- 
injected brain of an ox [24, 25]

Fig. 1.15 “Study of brain physiology” (ca. 1508). Drawing in pen and 
ink by Leonardo after his study of ox brain injections. This rendering of 
the human brain, ventricles, visual pathways, and skull base reveals 
Leonardo’s dissection experience and his break from traditional scho-
lasticism, at least as far as personal experience and depiction are con-
cerned [24, 25]

Fig. 1.16 Illustration of the brain from Albertus of Orlamünde, 
Dominican (Reprinted from Albertus of Orlamünde, Dominican [26])

1 The Ventricular System
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Fig. 1.17 The ten layers of the head, the cerebral ventricles as three 
cells, and cranial nerves (Reprinted from Hundt [27])

Fig. 1.18 Representation of the senses and the faculties inside, accord-
ing to the Cell Doctrine (Reprinted from Reisch [28])

1.1 Historical Aspects
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Anathomia Mundini in 1542, done by Dryander, it is possible 
that he copied parts of the text of Vesalius of 1538, Tabulae 
Sex, angering Vesalius [30].

In 1543, the principal benchmark in anatomical history 
emerged: De humani corporis fabrica libri septem or De 
humani corporis fabrica, or simply Fabrica (Fig. 1.22), by 
the Belgian Andreas Vesalius (1514–1564), considered the 
“father of modern anatomy” [34]. He graduated in medicine 
from the University of Padua in Italy and in 1538 he pub-
lished his first work: Tabulae Sex, a set of six anatomical 
drawings made by himself. Before Vesalius, very little had 
been discovered about anatomy and physiology since ancient 
times, when the findings were based on the dissection of ani-
mals. Vesalius, on the contrary, based his knowledge on 
human dissections of the bodies of executed criminals and 
victims of the plague. Vesalius was of humble origin, but 
after the publication of the Fabrica, he became very impor-

tant. In 1546, he was appointed court physician of the Holy 
Roman Emperor Charles V and remained at his service until 
his abdication in 1556, thereafter serving Philip II, king of 
Spain. Fabrica is considered one of the most influential sci-
entific books of all time, and stands out for its illustrations, 
some of the finest woodcuts ever made. Vesalius, with 
Fabrica, questioned a large part of the Galenic theories. To 
print the work, he spared no expense. He hired the best art-
ists, including the German-born Italian painter Jan Stephan 
van Calcar (ca. 1499 –ca. 1546), a disciple of the Venetian 
painter Tiziano Vecelli (ca. 1488–1576), who made the prints 
in the first two parts of the work, as well as the great printer 
Johannes Oporinus (1507–1568), from Basel, to prepare the 
pictures to be printed. Vesalius ended up going to Basel to 
personally supervise the work. This work is a magnificent 
example of the best production of books in the Renaissance, 
with 17 full-page drawings, and several illustrations with 
text. Consisting of about 700 fine print pages, the book is 
divided into seven parts or “books” giving a complete over-
view of the human body. Book VII describes the brain and 
also presents fantastic ventricular images (Fig. 1.23) [35, 
36]. Regarding this last part of his work, Vesalius said at the 
time:

Fig. 1.19 Illustration of ventricular system by Berengario da Carpi, an 
Italian surgeon and physician, who refashioned the fourteenth-century 
anatomical treatise of Mondino de Luzzi for print publication. The 
illustrations give little anatomical detail, but visually represent the 
sense of wonder that attends the opening of the body (Reprinted from 
Carpi [31])

Fig. 1.20 Picture from Berengario da Carpi, still depicting the Cell 
Doctrine. This is the first edition of the separate treatise on head injuries 
and their neurosurgical treatment. In 1517 Berengario was called to 
attend to Lorenzo de Medici, who had suffered a gunshot wound and an 
occipital skull fracture in a battle. This illustrated monograph was writ-
ten as a result of the assignment and was dedicated to Lorenzo 
(Reprinted from Carpi [32])

1 The Ventricular System
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Fig. 1.21 Evidence of conflicting contemporaneous renderings by Johann Dryander during the transition from the medieval Cell Doctrine to the 
modern view of the brain (Reprinted from Dryander [33])

“We have resected all the portions of the dural and the thin mem-
branes which occurred in previous figures. Then we have 
removed in the sequence of dissection the right and left portions 
of the brain so that the cerebral ventricles now begin to come 
into view. First, we made a long incision along the right side of 
the corpus callosum where the sinus denoted by one of the M’s 
exists, which was led into the right cerebral ventricle. Next we 
removed the right part of the brain lying above the section where 
we cut the skull in a circular fashion with a saw. When we had 
finished the same on the left side, we placed here the left part of 
the brain so as to show, to some extent, the upper aspect of the 
left ventricle, while the corpus callosum still remained in the 
head”. [4]

After Da Vinci and Vesalius, various other authors focused 
their attention on smaller structures in the ventricular system, 
such as the union between the third and fourth ventricles, the 
cerebral aqueduct. Although initially described by Galen, it 
was better characterized during the Renaissance, particularly 
by Da Vinci, Berengario, and Vesalius, the most accurate, of 
course, being Vesalius [37]. In fact, one of the tutors of 
Vesalius, Jacques Dubois (1478–1555), also known as Jacobus 
Sylvius in Latin, was a famous French anatomist and fanatical 

follower of Galen, and had already carried out a detailed 
description of the aqueduct in his Isagoge, published in 1555. 
However, Vesalius, curiously, does not mention this descrip-
tion in his work. In 1663, a Dutch anatomist named Franz de 
le Boë (1614–1672) (Fig. 1.24) or, coincidentally, Franciscus 
Sylvius, in its Latinized form, also described the same struc-
ture in his Disputationes, published in 1663, and it is likely 
that the term ‘aqueduct of Sylvius’ is a reference to the latter, 
who also described the lateral fissure of the brain [38].

Despite the precise descriptions of the ventricular cavity 
made during the Renaissance, there was controversy over its 
true content. Vesalius, although having made detailed 
descriptions, still believed in the concept of antiquity that the 
ventricles were filled with air during inspiration, and that 
they contained the animal spirit (pneumapsychikon). This 
idea remained quite controversial at the time and divided dif-
ferent authors a great deal, and only after the discovery of 
cerebrospinal fluid (CSF) was such discussion put to an end. 
This discovery was made in 1764 by the Italian Domenico 
Felice Antonio Cotugno (1736–1822) (Fig. 1.25) who, 
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Fig. 1.22 The frontispiece of De 
humani corporis fabrica, in its 
first edition of 1543, printed by 
Johannes Oporinus, from Basel 
[34] (Image courtesy of History 
of Science Collections, University 
of Oklahoma Libraries)
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Fig. 1.23 The lateral ventricles from Fabrica, 1543 [34] (Image cour-
tesy of History of Science Collections, University of Oklahoma 
Libraries)

Fig. 1.24 Portrait of Franz de le Boë, or Franciscus Sylvius, and his 
wife. Oil on oak, Frans van Mieris, the Elder (1671)

Fig. 1.25 This marble momument of Domenico Cotugno was made in 
1961 by the Italian sculptor Giuseppe Pellegrini and can be seen in 
Piazza Cavallotti, city of Ruvo di Puglia, the hometown of Cotugno

besides giving a detailed description of the lumbosciatic 
pathway, also described the possible continuity between the 
ventricles and the subarachnoid space. This finding of conti-
nuity was later confirmed by the French neurologist and 
experimental physiologist François Jean Magendie (1783–
1855) (Fig. 1.26), at the medial region of the fourth ventricle, 
now known as the foramen of Magendie or median aperture 
of the fourth ventricle. Magendie, among other contribu-
tions, introduced strychnine and opium in the practice of 
medicine, distinguished sensory and motor functions of the 
spinal nerves, and introduced the systematic use of labora-
tory animals in medical research [5, 39, 40].

The description of the interventricular foramen took 
place in 1783, and is credited to the Scottish physician 
Alexander Monro secundus (1733–1817) [5] (Fig. 1.27). 
Monro secundus provided detailed descriptions and 
 illustrations of  communication between the lateral ventri-
cles and the third ventricle, now known as the foramen of 
Monro or the interventricular foramen, and also innova-
tively described anatomical changes related to hydrocepha-
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Fig. 1.26 François Jean Magendie (1783–1855). Lithograph, Julien 
Leopold Boilly (nineteenth century)

Fig. 1.27 Alexander Monro secundus (1733–1817). Colored stipple 
engraving, James Heath, after Henry Raeburn (1800)

lus. Monro also helped to establish what is now known as 
the Monro-Kellie doctrine of intracranial hypertension [41, 
42]. Following the descriptions of the ventricular details, 
the Czech anatomist Vincent Alexander Bochdalek (1801–
1883) discovered the lateral recesses in 1849, but mistak-
enly thought they were blind extensions of the fourth 
ventricle, whereas they are actually communications with 
the subarachnoid space. This finding was made by the 
German anatomist Hubert von Luschka (1820–1875) (Fig. 
1.28) in 1855, at the University of Tübingen. Such com-
munications were known as lateral apertures of the fourth 
ventricle, or simply, foramen of Luschka [43]. von Luschka 
also confirmed the presence of the foramen of Magendie. 
His findings, though much questioned by his contempo-

raries, were later confirmed by many anatomists, including 
Key and Retzius in 1875 [44, 45].

Without a doubt, the main descriptions of the ventricles 
and CSF circulation terminate with the work of Axel Key 
(1832–1901) and Magnus Gustaf Retzius (1842–1919). In 
their work, which earned Retzius a seat in histology at the 
Karolinska Institute, they injected colored gelatin into 
corpses and showed that the gelatin flowed through the 
arachnoid granulations or villi, or Pacchionian granulations, 
to the superior sagittal sinus. The colored gelatin was also 
evident in the cervical lymph nodes [46]. This work presents 
beautiful images and shows extreme precision in the presen-
tation of ventricular and subarachnoid space anatomy (Figs. 
1.29 and 1.30).
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Fig. 1.28 Hubert von Luschka (1820–1875). Oil on canvas, M. Müller- 
Schüppel (1896) (Image courtesy of Universitätsbibliothek Tübingen 
Portraitsammlung) Fig. 1.29 Precise description of the ventricular system and the sub-

arachnoid space (in blue) (Reprinted from Key and Retzius [46])

Fig. 1.30 Detail of the arachnoid granulations arising from the sub-
arachnoid space (in blue) (Reprinted from Key and Retzius [46])
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1.2  Morphological Aspects

Knowledge of the morphological aspects, anatomical in par-
ticular, of the ventricles is of paramount importance for the 
success of ventricular endoscopy. It is vitally important to 
have a thorough understanding of the lateral and third ventri-
cles, the sites of most ventricular endoscopic procedures. 
During the embryonic period, the ventricular system appears 
in the fourth week, after neural tube closure, at which time the 
three primitive vesicles are formed: the prosencephalic, mes-
encephalic, and rhombencephalic, from rostral to caudal. In 
the fifth week of gestation, the prosencephalon gives rise to the 
telencephalon (brain hemispheres) and diencephalon. The 
mesencephalon remains unchanged, and the rhombencephalus 
gives rise to the metencephalon (pons and cerebellum) and 
medulla oblongata. Due to these changes, cavities are formed 
inside these vesicles, communicating with the lumen of the 
neural tube, and these vesicles are the beginnings of the future 
ventricles. The cavity of the telencephalon gives rise to the 
lateral ventricles. The third ventricle comes from the cavity of 
the diencephalon, and the fourth ventricle comes from the cav-
ity of the rhombencephalon. The lumen of the mesencephalon 
connects the third and the fourth ventricles, becoming increas-
ingly narrow, constituting the cerebral aqueduct of Sylvius. 
During this phase, ventricular expansion takes place from cau-
dal to rostral, and is proportionally greater than the brain 
development [5, 47]. The exact position and spatial conforma-
tion of the ventricular system is genetically controlled. This 
information comes from studies on animals, mostly on chicken 
and zebrafish embryos. One of these gene controllers is the 
ventral neural indicator gene, Sonic Hedgehog (Shh), the 
products of which are secreted by the notochord. Early brain-
notochord separation may result from loss of Shh expression, 
resulting in ventricular collapse of the surrounding tissue [5, 
48]. Anatomically, the ventricular system is divided into four 
chambers that communicate with each other: the right and left 
lateral ventricles, and the third ventricle and fourth ventricle. 
The lateral ventricles are C-shaped cavities, situated deep in 
each cerebral hemisphere. Supposedly, this form is related to 
the embryonic expansion of the frontal, temporal, and occipi-
tal lobes, with the consequent downward and anterior dis-
placement of the temporal lobe (Figs. 1.31 and 1.32).

For the main endoscopic ventricular procedures, detailed 
knowledge of the anatomy of the lateral ventricles and the 
third ventricle is crucial. Each lateral ventricle presents a 
frontal horn (anterior), body, atrium, occipital horn 
 (posterior), and temporal horn (inferior), and each of these 
parts has a roof; a floor; and anterior, medial, and lateral 
walls [49]. The body is in the parietal lobe and extends from 
the posterior limit of the interventricular foramen of Monro 
to the point where the septum pellucidum disappears, and 
the corpus callosum and the fornix are found. The lateral 
wall is formed by the body of the caudate nucleus superiorly 

and the thalamus inferiorly, separated by the striothalamic 
sulcus, a cleft in which the stria terminalis and the superior 
thalamostriate vein run. The medial wall is formed by the 

Fig. 1.31 General aspect and topographic relationship of the ventricu-
lar system and the encephalon and head

Fig. 1.32 Topographic relationship of the ventricular system with the 
diencephalon, the brainstem, and the cerebellum
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septum pellucidum superiorly and the body of the fornix 
inferiorly. The floor is formed by the thalamus and the roof 
by the body of the corpus callosum [49–53]. The body of the 
lateral ventricle extends posteriorly and continues along the 
atrium. The atrium communicates with the body anteriorly, 
and is connected above and below to the thalamus, anteri-
orly with the temporal horn and subsequently with the 
occipital horn. The atrium and the occipital horn form a tri-
angular cavity, with the apex in the occipital lobe, and the 
base anteriorly, connected to the pulvinar of the thalamus. 
The pulvinar and the crus of the fornix form the anterior 
wall of the atrium. The roof is formed by the body, sple-
nium, and tapetum of the corpus callosum, and the floor is 
formed by the collateral trigone, which is a triangular area 
overlying the end of the collateral sulcus. The medial wall is 
formed by an upper prominence called the bulb of the cor-
pus callosum, and a lower prominence called the calcar avis, 
overlying the deepest part of the calcarine sulcus. The ante-
rior portion of the lateral wall is formed by the caudate 
nucleus and the posterior portion by fibers from the tapetum 
of the corpus callosum [52–54]. The occipital horn directs 
posteromedially from the atrium toward the occipital lobe to 
form a diamond- shaped cavity. Its medial wall is formed by 
the bulb of the corpus callosum superiorly and the calcar 
avis inferiorly. The roof and lateral wall are formed by the 
tapetum of the corpus callosum, overlapped laterally by the 
optical radiation and the inferior longitudinal fasciculus. 
The floor is formed by the collateral trigone [49, 52, 53]. 
The temporal horn is the larger part of the lateral ventricle, 
extending down and posteromedially around the pulvinar, 
then anteriorly wrapping around the medial portion of the 
temporal lobe to end about 2.5 cm from the temporal pole, 
just behind the amygdala, which is its anterior wall. The 
floor is formed by the hippocampus and laterally by the col-
lateral eminence, a  prominence that overlies the collateral 
sulcus. The medial portion of the roof is formed by the infe-

rior surface of the thalamus and the tail of the caudate 
nucleus, separated by the striothalamic sulcus. The lateral 
portion is formed by the tapetum of the corpus callosum, 
which also turns inferiorly to form the lateral portion of the 
temporal horn. The medial wall is formed by the choroidal 
fissure, a narrow cleft located between the inferolateral part 
of the thalamus and the fimbria of the fornix [49, 50, 52, 53]. 
The frontal horn extends anteriorly from the foramen of 
Monro into the frontal lobe. It has an approximately triangu-
lar shape in a coronal section. Its medial wall is formed by 
the septum pellucidum, separating the frontal horn on both 
sides, and the columns of the fornix. The anterior wall and 
the roof are formed by the genu of the corpus callosum and 
the lateral wall is formed by the head of the caudate nucleus, 
and its narrow floor by the rostrum of the corpus callosum 
[49, 50, 52, 53] (Table 1.1 and Fig. 1.33). The third ventricle 
is a narrow midline cavity located at the center of the ven-
tricular system. It communicates with the lateral ventricles 
through the foramen of Monro on its anterosuperior aspect, 
and with the cerebral aqueduct on its posteroinferior aspect.
The roof of the third ventricle forms a gentle upward arch, 
extending from the foramen of Monro anteriorly to the 
suprapineal recess posteriorly. The roof has four layers [5]: 
one neural layer, the uppermost layer, is formed by the body 
of the fornix anteriorly, and by the crus of the fornix and the 
hippocampal commissure posteriorly. The septum pellu-
cidum is attached to the upper surface of the body of the 
fornix. Below the neural layer, there are two thin membra-
nous layers of tela choroidea, and a layer of blood vessels 
(medial posterior choroidal artery and internal cerebral 
vein) between these two layers. The anterior wall of the 
third ventricle is formed, from superior to inferior, by the 
diverging columns of the fornix, the foramen of Monro, the 
transversely orientated anterior commissure, the lamina ter-
minalis, the optic recess, and the optic chiasm. The anterior 
half of the floor is formed by diencephalic structures, and 

Table 1.1  Regions and limits of the lateral ventricle

Lateral ventricle Roof Floor Anterior wall Medial wall Lateral wall

Frontal horn Genu of the corpus 
callosum

Rostrum of the corpus 
callosum

Genu of the corpus 
callosum

Septum pellucidum
Columns of the fornix

Head of the caudate 
nucleus

Body Body of the corpus 
callosum

Thalamus Septum pellucidum
Body of the fornix

Body of the caudate 
nucleus
Thalamus

Atrium Body, splenium, and 
tapetum of the 
corpus callosum

Collateral trigone Crus of the fornix
Pulvinar of the 
thalamus

Bulb of the corpus 
callosum
Calcar avis

Tail of the caudate nucleus
Tapetum of the corpus 
callosum

Occipital horn Tapetum of the 
corpus callosum

Collateral trigone Bulb of the corpus 
callosum
Calcar avis

Tapetum of the corpus 
callosum

Temporal horn Thalamus
Tail of the caudate 
nucleus
Tapetum of the 
corpus callosum

Hippocampus
Collateral eminence

Amygdala Choroidal fissure Tapetum of the corpus 
callosum
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the posterior half is formed by mesencephalic structures [5, 
49, 50]. The structures forming the floor include, from ante-
rior to posterior, the optic chiasm, the infundibular recess,the 
tuber cinereum, the mammillary bodies, the posterior perfo-
rated substance, and the tegmentum of the mesencephalon, 
located above the medial aspect of the cerebral peduncles. 
The lateral walls are formed by the thalamus, hypothalamus, 

and the columns of the fornix. The posterior wall is formed, 
from above to below, by the suprapineal recess, the 
Habenular commissure, the pineal body and its recess, the 
posterior commissure, and the cerebral aqueduct [49, 50] 
(Table 1.2 and Fig. 1.33). Anatomic correlations with com-
puterized tomography (CT) scan and magnetic resonance 
imaging (MRI) are shown in Figs. 1.34 and 1.35.

Fig. 1.33 The ventricular system in right lateral view (superior) and 
left posterolateral view (inferior). Lateral ventricle (in red): frontal horn 
(A), foramen of Monro (B), body (C), atrium (D), occipital horn (E), 
temporal horn (F). Third ventricle (in green): interthalamic adhesion 
(A), optic recess (B), infundibular recess (C), pineal recess (D), suprapi-

neal recess (E). Cerebral aqueduct (in blue) (A). Fourth ventricle (in 
purple): fourth ventricle (A); left lateral recess and left lateral aperture 
of Luschka (B), right lateral recess and right lateral aperture of Luschka 
(C), median aperture of Magendie (D)

Table 1.2  Regions and limits of the third ventricle

Roof Floor Anterior wall Posterior wall Lateral wall

Body and crus of the fornix, 
hippocampal commissure
Tela choroidea and vessels 
(medial posterior choroidal artery 
and internal cerebral vein)

Optic chiasm
Infundibular recess
Tuber cinereum
Mammillary bodies
Posterior perforated substance
Tegmentum of the 
mesencephalon

Columns of the fornix
Foramen of Monro
Anterior commissure
Lamina terminalis
Optic recess
Optic chiasm

Suprapineal recess
Habenular commissure
Pineal body and pineal 
recess
Posterior commissure
Cerebral aqueduct

Thalamus
Hypothalamus
Columns of the fornix

1 The Ventricular System
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Fig. 1.34 The ventricular system view on three-dimensional (3D) 
computerized tomography (CT) scan. (a) (axial): right lateral ventricle 
(1), left lateral ventricle (2). (b) (axial): right atrium (1), left atrium (2), 
left frontal horn (3), right frontal horn (4). (c) (coronal): right lateral 
ventricle (1), left lateral ventricle (2), third ventricle (3), interpeduncu-

lar cistern (4). (d) (coronal): right atrium (1), left atrium (2), left tempo-
ral horn (3), right temporal horn (4). (e) (sagittal): left frontal horn (1), 
left atrium (2), left temporal horn (3). (f) (sagittal): right lateral ventri-
cle (1), third ventricle (2), interpeduncular cistern (3)

1.2 Morphological Aspects
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Fig. 1.35 The ventricular system view on magnetic resonance imaging 
(MRI). (a) (sagittal T2-weighted): lateral ventricle (1), third ventricle 
(2), cerebral aqueduct (3), fourth ventricle (4), prepontine cistern (5), 
interpeduncular cistern (6). (b) (axial T2-weighted): prepontine cistern 
(1), fourth ventricle (2). (c) (axial T2-weighted): interpeduncular cis-
tern (1), cerebral aqueduct (2). (d) (axial T2-weighted): right frontal 
horn (1), right interventricular foramen (2), third ventricle (3), right 

atrium (4), left atrium (5). (e) (coronal inversion recovery): right frontal 
horn (1), septum pellucidum (2), left frontal horn (3), third ventricle (4), 
interpeduncular cistern (5), prepontine cistern (6). (f) (coronal inversion 
recovery): right frontal horn (1), left frontal horn (2), third ventricle (3), 
fourth ventricle (4), left lateral recess and left lateral aperture of 
Luschka (5), median aperture of Magendie (6), right lateral recess and 
right lateral aperture of Luschka (7)

1 The Ventricular System
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1.3  Physiological Aspects

The first citations regarding cerebral fluid content are from 
the writings of ancient Egypt, particularly the medical text 
known as the papyrus of Edwin Smith, from 1700 BC [55]. 
Throughout ancient times, and during the Middle Ages, it 
was believed that the ventricular content was not a liquid, but 
air. During the Renaissance, this idea began to be questioned 
[35]. This discussion came to an end only after the discovery 
of CSF by Contugno in the eighteenth century. Thus, the 
understanding of the production and circulation of the CSF 
has undergone a major evolution over time [56] (Fig. 1.36). 
It is assumed that most CSF that circulates within the ven-
tricles comes from the choroid plexus, but this is controver-
sial [57]. Other CSF production sites, such as the brain 
parenchyma, are currently described (Table 1.3) as contribut-
ing to the total amount of circulating CSF [57, 58]. The rate 
of CSF formation in humans is 0.3–0.4 ml/min, with the total 
volume of CSF being approximately 90–150 ml in adults 
[59]. Also, it was traditionally assumed that CSF flows from 
the lateral and third ventricles, areas with higher concentra-
tions of choroid plexus, reaching the fourth ventricle via the 
cerebral aqueduct and finally the subarachnoid space through 

the apertures of Magendie and Luschka, by being absorbed 
into the venous blood at the arachnoid granulation level 
(Figs. 1.37, 1.38, and 1.39). This classic concept, the third 
circulation model, emerging mainly from animal experi-
ments, is also questioned today [57, 60].

In addition to the mechanical function of damping, 
reducing apparent brain weight, today it is known that the 
CSF is also rich in nutrients, including amino acids, vita-
mins, minerals, proteins, and ions with varying concentra-
tions depending on the stage of development [61]. A 
number of functions have been assigned to the CSF over 
the years, from the mechanical protection function, the path 
for metabolite flow, and neuroendocrine communication 
[62, 63]. Currently, there is much scientific evidence that 
the CSF also plays an important role in the development 
and embryonic organization of the central nervous system, 
acting as a neuronal guide [64, 65]. The ventricles are lined 
by ependyma, a single- layer tissue of ciliated cells called 
ependymocytes that are directly in contact with the CSF 
[66]. The impetus for the CSF circulation results from 
macro-scale phenomena, such as the pulsation of the cho-
roid plexus and the movement of the ventricular wall – both 
induced by cardiac systole – and micro-scale phenomena, 

1.3 Physiological Aspects
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Fig. 1.36 Evolution of the understanding of CSF production and its 
pathway in relation to brain spaces. (a) Galenic concept of the CSF path-
way. In his writings, Galen describes a lateral ventricular choroidal ori-
gin (1) and exit through the fourth ventricle to the spinal canal (2). He 
also, erroneously, describes movement of the fluid across the cribriform 
plate into the nasal cavity (3) and across the infundibulum to the palate 
(4). (b) CSF pathway, from Albrecht von Haller (1708–1777), who cor-
rectly stated the origin of CSF from the ventricles (1), with exit from the 
fourth ventricle (2) and down the spinal canal for venous absorption. 
This early description was essentially correct. (c) The concept of the 
CSF pathway from François Magendie (1783–1855) was exactly oppo-

site to the system described by both von Haller and Galen. (d) Modern 
description of the CSF pathway – the third circulation model. CSF is 
produced by the choroid plexuses (1), from where it moves from the 
lateral ventricles into the third and fourth ventricles (2). It then flows 
across the surface of the brain (3) and down the spinal canal (moving 
from the back to the front (3) of the canal). CSF is then reabsorbed by 
the arachnoid granulations (4) back into the bloodstream. The arachnoid 
granulations are projections from the arachnoid layer of the meninges 
that connect with veins via the venous sinus. Absorption into lymphatics 
also occurs (not shown). Abbreviations: 3V third ventricle, 4V fourth 
ventricle, LV lateral ventricle (Reprinted from Liddelow [56])

Fig. 1.37 Traditional third circulation model of CSF pathway. CSF is 
produced by the choroid plexuses, from where it moves from the lateral 
ventricles into the third and fourth ventricles. It then flows across the 
surface of the brain and down the spinal canal (moving from the back to 
front of the canal). CSF is then reabsorbed by the arachnoid granula-
tions back into the bloodstream

Table 1.3 Production sites and absorption routes of CSF

Production sites
  Choroid plexus
  Extra-choroidal sites
   1. Ventricular ependyma
   2. Subarachnoid space
   3. Pia-arachnoid capillary
   4. Brain parenchyma
Absorption routes
  Arachnoid villi →superior sagittal sinus
  Extra-arachnoid villus sites
   1. Ventricular ependyma→subependymal vein
   2. Leptomeninges→cortical vein
   3. Pia-arachnoid capillary→venous system
   4. Choroid plexus→deep venous system
   5. Perineural space→lymphatic channel

Reprinted from Oi and Di Rocco [58], with permission

1.3 Physiological Aspects
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Fig. 1.39 Arachnoid granulation in detail. In fact, arachnoid granula-
tion is an expansion, through the dura, of the subarachnoid space to the 
venous system

such as the ciliary beat of ependymocytes [67] (Figs. 1.40, 
1.41, and 1.42). This ciliary movement occurs periodically, 
generating a CSF flow in the vicinity of the ventricular wall 
[68]. It is proposed that this flow induced by the ciliary beat 
eliminates small debris from the ventricular wall, and has 
the effect of diluting substances, particularly in the third 
ventricle – the supposed intraventricular neuroendocrine 
communication phenomenon [69]. Possible genetic muta-
tions affecting the ciliary movement may be associated 

with hydrocephalus [70–72]. Today the CSF flow is 
believed to also serve as a signpost for neuronal migration 
during embryogenesis, keeping in mind that progenitor 
cells are born below the ependymal layer in the lateral ven-
tricles, later migrating to distant sites, such as the olfactory 
bulb, where they differentiate into neurons and astroglia 
[65, 73–75]. Conversely, deficiency in ciliary motility can 
change the CSF flow [76] and the migration of neuroblasts 
[65], and such results suggest a strong interelationship 
between neuronal migration and the CSF circulatory 
dynamics near the ventricular wall [67].

Currently, the unidirectional nature of the CSF flow is 
being questioned, and the CSF flow is also considered to be a 
location for the dilution and diffusion of substances [57]. The 
concept of the third circulation has been accepted since the 
work of Cushing in the decade of the 1920s, suggesting that 
CSF flows through the ventricles, cisterns, and subarachnoid 
space and is reabsorbed into the blood through the arachnoid 
granulation [77–79]. Historically, it was always held that the 
absorption of CSF into the circulating blood is really more 
notable in the arachnoid granulation [80–82]. This notion is 
based on the first experiments performed by Key and Retzius, 
with the injection of colored gelatin into human cadavers in 
1875. In fact, the distribution of the dye was noted throughout 
the CSF system, as was its passage to the arachnoid granula-
tion in the direction of the venous sinuses [46]. However, 
their results were questioned because the gelatin was injected 
at a pressure of 60 mmHg, which could have caused a rupture 
in the arachnoid granulation [83]. Since then, other means of 
CSF absorption have been suggested. The arachnoid granula-
tion has a developmental mechanism in humans that is com-
parable to that in other animals lower on the phylogenetic 
scale [58] (Fig. 1.43). During pregnancy, the human fetus has 
practically no arachnoid granulation, comparable to findings 
in the mouse. From birth, the arachnoid granulations begin to 
develop, and are equivalent in size to those of a rat and a rab-
bit. After 1 year of age, the arachnoid granulations develop 
greatly, gradually reaching a size similar to those in a cat, a 
sheep, and a horse; finally, at school age, the size is similar to 
that in the monkey. In the period of the immature brain, the 
predominant CSF absorption mechanism is not in the arach-
noid granulation, but in a minor pathway (Fig. 1.44). With 
growth, there is a maturation of this mechanism, through the 
arachnoid granulation, which becomes increasingly important 
[58] (Fig. 1.45). Currently, although controversial, much 
importance has been attributed to the CSF circulation around 
the blood vessels penetrating from the subarachnoid space 
towards the Virchow-Robin space (Figs. 1.46, 1.47 and 1.48). 
This space accompanies vessels deep in the brain parenchyma 
and is involved in a significant exchange between CSF and the 
interstitial fluid [57]. This circulation not only provides the 
cleaning of molecules from the brain, but also provides inter-
action with the immune system. In this important exchange, 

Fig. 1.38 Traditional third circulation model of CSF pathway ending 
in the arachnoid granulation, and later flowing toward the superior sag-
ittal sinus

1 The Ventricular System
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Fig. 1.40 Schematic of a beating ependymal cilium. The beating 
motion consists of an effective and a recovery stroke. The action of the 
cilia is accounted for via body forces acting on the CSF. The fmax 

(maximum force density) is determined empirically by matching the 
induced fluid velocity to experimental measurements (Reprinted from 
Siyahhan et al. [67])
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Fig. 1.41 In vivo data obtained with magnetic resonance imaging 
(MRI). On the right the ventricular geometry extracted from anatomical 
MRI images is overlaid on the MRI displacement field. On the left, the 
CSF flow rate through the aqueduct is reconstructed from the two- 
dimensional phase contrast gradient echo sequence, and the four sam-
ple points (A–D). Note that the electrocardiogram R-peak is used to 
define the start of the cardiac cycle. Points A and B are in the fill period 

where the flow through the aqueduct is oriented in the cranial direction, 
whereas points C and D correspond to the flush period where the CSF 
flow is in the caudal direction. Abbreviations: LLV left lateral ventricle, 
LMo left foramen of Monro, Ad interthalamic adhesion, 3V third ven-
tricle, Aq cerebral aqueduct, 4V fourth ventricle, Lusch foramen of 
Luschka (Reprinted from Siyahhan et al. [67])
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Fig. 1.42 Flow characteristics in the third ventricle and cerebral aque-
duct (A1–D1), and in the fourth ventricle (A2–D2). Streamlines are 
derived with respect to the global coordinate system and are color- 
coded by velocity magnitude. Time points A through D correspond to 
the instants marked in Fig. 1.41 (Reprinted from Siyahhan et al. [67])
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Fig. 1.43 Ontogenesis of arachnoid granulation in humans compared 
with other animals (Reprinted from Oi and Di Rocco [58], with 
permission)
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Fig. 1.44 Minor CSF pathway in immature brain (Reprinted from Oi 
and Di Rocco [58], with permission)
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Fig. 1.45 CSF dynamics maturation (CSFDM) stages I–V in the human (Reprinted from Oi and Di Rocco [58], with permission)
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Fig. 1.46 Morphology of the Virchow-Robin space (VRS). Delineated 
by the basal membranes of the glia, pia, and endothelium, the VRS 
consists of the space surrounding vessels that penetrate into the paren-
chyma. The VRS is obliterated at the capillaries where the basement 
membranes of the glia and endothelium join. The complex pial archi-
tecture may be understood as an invagination of both cortical and vessel 
pia into the VRS. The pial funnel is not a regular finding. The pial 
sheath around arteries extends into the VRS, but becomes more fenes-
trated and eventually disappears at the precapillary section of the ves-
sel. Unlike arteries (as shown in this figure), veins do not possess a pial 
sheath inside the VRS. Interstitial fluid may drain by way of an intra-
mural pathway along the basement membranes of capillaries and arteri-
oles into the lymphatics at the base of the skull (green arrows). It should 
be noted that the figure does not depict the recently suggested periarte-
rial flow from the subarachnoid space into the parenchyma and an out-
ward flow into the cervical lymphatics along the veins. Also, it is still a 
matter of debate whether the VRS, extending between the outer base-
ment membrane of the vessel and the glia, represents a fluid-filled open 
space. Abbreviations: VRS Virchow-Robin space, SAS subarachnoid 
space (Reprinted from Brinker et al. [59])

1.3 Physiological Aspects



32

SAS

SAS

A

C

V

VRS

VRS

Brain ECS

Fig. 1.47 Diagram representing fluid movements in the Virchow- 
Robin space (VRS). The complex anatomical structure of the VRS 
allows a bidirectional fluid exchange between the VRS and both the 
brain extracellular space (ECS) and the subarachnoid CSF space (blue 
arrows). Glial (blue lines) and pial (yellow lines) cell membranes 
enclose the VRS and control fluid exchange. Note that it is a matter of 
debate whether the VRS represents an open fluid-filled space. Both 
experimental and clinical evidence indicate the existence of a pathway 
along the basement membranes of capillaries, arterioles, and arteries 
for the drainage of interstitial fluid (ISF) and solutes into the lymphatic 
system (red lines and green arrows). It is unclear whether the subpial 
perivascular spaces around arteries and veins (light blue) serve as addi-
tional drainage pathways. Also, the proposed glymphatic pathway con-
necting the arterial and venous VRS with the venous perivascular space 
(black arrows) is still a matter of debate. Abbreviations: VRS Virchow- 
Robin space, SAS subarachnoid space, A artery, C capillary, V vein 
(Reprinted from Brinker et al. [59])
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Fig. 1.48 Diagram of the current understanding of the CSF circulation. 
This diagram summarizes fluid and cellular movements across the dif-
ferent barriers of the brain compartments (blood, ISF, VRS, CSF space 
comprising the cerebral ventricles, basal cisterns, and cortical sub-
arachnoid space). Aquaporins and other transporters control the fluid 
exchange at the glial, endothelial, and choroid plexus barrier. At the 
glial, endothelial, and pial barrier, bidirectional flow may generate 
either a net in- or outflux, providing fluid exchange rates, which surpass 
the net CSF production rate by far. The choroid plexus is the only direct 
connection between the blood and the CSF compartment. Major por-
tions of brain water are drained into the cervical lymphatics from the 
VRS (including its capillary section) via intramural arterial pathways 
(asterisks) and from the CSF space (via the perineural subarachnoid 
space of the cranial nerves). The capillary and venular endothelium 
may contribute to brain water absorption. Blood-borne inflammatory 
cells may enter the brain via VRS venules or via the choroid plexus. 
Fluid movements at the barriers are driven by osmotic and hydrostatic 
gradients or by active transporter processes. Fluid movements into and 
out of the VRS depend on respiratory and cardiac pressure pulsations. 
Abbreviations: ISF interstitial fluid VRS Virchow-Robin space, BBB 
blood-brain barrier, CP choroid plexus (Reprinted from Brinker et al. 
[59])
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physiological functions may be activated, such as the regen-
eration of the brain during sleep [59]. Currently, in regard to 
CSF absorption, the importance of aquaporin 4 (AQP4) is also 
cited. AQP4 is a membrane transport protein, present in the 
central nervous system, particularly in the membrane of the 
astrocytic feet and the basolateral membranes of ependymal 
cells. It has also been noted that there are no tight junctions 
between the cells of the pia mater and the ependyma, so water 
and other substances pass freely between the cerebral paren-
chyma and subarachnoid space [57].
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General Principles of Endoscopic 
Neurosurgery

2.1  Historical Evolution

2.1.1  Pioneers

The first neuroendoscopic procedure reported in the literature 
was conducted by Victor Darwin Lespinasse (1878–1946) (Fig. 
2.1) in 1910 [1]. Lespinasse, a urologist from Chicago, was also 
famous for being a pioneer and a defender of testicular trans-
plantation. The neuroendoscopic procedure he reported con-
sisted of bilateral choroid plexus coagulation, making use of a 
small cystoscope. In this first experiment, two children were 
treated; one died in the immediate postoperative period, while 
the other lived on for another 5 years. Lespinasse did not offi-
cially record this adventure in the scientific literature, he merely 
introduced the method to the local medical society and men-
tioned it in his application, in 1913, to the American College of 
Surgeons, in which he cited the “destruction of the choroid 
plexus for internal hydrocephalus” among his surgical areas of 
interest. He would later tell his daughter Victoire, an obstetrician 
also from Chicago, that this pioneer procedure was “an intern’s 
stunt” [2].

The great pioneer of neuroendoscopy was Walter Edward 
Dandy (1886–1946) (Fig. 2.2), from Johns Hopkins 

School of Medicine, in Baltimore. He is considered to be 
the father of pediatric neurosurgery and also neuroendos-
copy, because of the great knowledge of ventricular anat-
omy he acquired from his ventriculography studies, a 
technique that permitted visualization of the ventricular 
system for the first time (Fig. 2.3). Dandy said, with respect 
to ventriculography:

“All of the injections have been made in children varying 
from 6 months to 12 years of age. Invariably, the lateral ven-
tricle has been sharply outlined in the radiogram. In two 
instances, the third ventricle and the foramen of Monro were 
visible. In none, however, have we observed the fourth ven-
tricle or the aqueduct of Sylvius. The practical value from 
pneumoventriculography is expected principally from the 
shadows of the lateral ventricles” [3].

In 1922, Dandy published the first endoscopic observa-
tions of the ventricles through the use of an endoscope illu-
minated by an external light reflection in a mirror, coining 
the term “ventriculoscopy” [4] (Fig. 2.4), in which he said:

“It was possible to see practically the entire extent of the 
lateral ventricle, the foramen of Monro, the septum pellu-
cidum with numerous perforations in it, and the entire extent 
of the choroid plexus …” [5].

2

Fig. 2.1 Victor Darwin Lespinasse (1878–1946) Fig. 2.2 Walter Edward Dandy (1886–1946)
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Fig. 2.3 From the initial studies of Dandy, pneumoventriculography in 
a 3-year-old child with tuberculous meningitis. It is possible to see “the 
third ventricle (a) and probably the foramen of Monro (b)” according to 
his own words (Reprinted from Dandy [3])

Fig. 2.4 Publication of 1922 by Dandy, after his first endoscopic observations (Reprinted from Dandy [5])
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However, despite the good visualization achieved with 
“ventriculoscopy”, resection of the choroid plexus, a com-
mon technique at the time, was not possible with the use of 
the ventriculoscope. Dandy also stated:

“The remarkable visualization of the ventricular system 
provided by the ventriculoscope did not surpass the images 
produced by the more routine pneumoventriculography” [6].

He continued with his endoscopic experiences, and in 
1923, using a small cystoscope, he performed resection 
of the choroid plexus in two patients [7], followed by oth-
ers in the following years, and he achieved results similar 
to those of a craniotomy [8] (Fig. 2.5). After years of 
enthusiasm, at the end of his brilliant career, Dandy said, 
of ventriculoscopy:

“Its usefulness is probably restricted to infants and young 
children, and to those tumors which are accidentally disclosed 
during choroid plexectomies rather than tumors, however small, 
that are causing obstruction to the ventricular channels” [9].

In Germany, the pioneer of neuroendoscopy was Erwin 
Payr (1871–1946), professor of neurosurgery at the 
University of Leipzig. He was known for the use of venous 
grafts for draining cerebrospinal fluid (CSF) from the ven-
tricles to the superior sagittal sinus and jugular vein [10]. 
Payr presented the tools, preliminary tests, and the technical 
feasibility of “Enzephaloskopie” to Leipzig Medical Society 
in 1919 [2]. William Jason Mixter (1888–1958) (Fig. 2.6), 
chief of the Neurosurgical Service of Massachusetts General 
Hospital, in Boston, from 1933 to 1946, performed the first 

Fig. 2.5 Description of Dandy’s technique for removal of the choroid 
plexus of the lateral ventricles using two Kelly cystoscopes (Reprinted 
from Dandy [9])

Fig. 2.6 William Jason Mixter (1888–1958)

2.1 Historical Evolution
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endoscopic third ventriculostomy (ETV) in 1923. He was 
also famous for being the pioneer in recognizing the 
 relationship between herniated intervertebral discs and 
radicular syndromes, and published the report of the first 
successful discectomy, in 1934 [11]. This is still a topic for 
debate, because, interestingly, another pioneer of neuroen-

doscopy, Dandy, published a surgical report of “loose carti-
lage from intervertebral disk simulating a tumor of the spinal 
cord” in 1929 [12]. Fay and Grant, from Philadelphia, 
reported the first images of dilated infant ventricles via a cys-
toscope coupled with a camera in 1923 (Fig. 2.7). The expo-
sure time for the acquisition of these images was up to 75 s 

Fig. 2.7 The first register of ventricular endoscopic images. The exposure time for the acquisition of these images was up to 75 s (Reprinted from 
Fay and Grant [13])
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[13]. Also in 1923, Johannes Allwill Max Volkmann (1889–
1982), professor at the University Surgical Clinic in Halle, 
Germany, published his first experiences with 
“Enzephaloskopie”. After some tests on cadavers, the first 
ventricular inspection was carried out on a 3-year-old child 
with hydrocephalus. In the beginning an infant cystoscope 
was used, but then an “Enzephaloskop” was designed that 
was lighter and easier to handle. It had a 22-cm sheath with 
a 6-mm outer diameter (OD), along with two irrigation holes. 
The optics were introduced inside the sheath, allowing rota-
tion once inside the ventricle [14, 15].

In 1934, Tracy Jackson Putnam (1894–1975) (Fig. 2.8), a 
great neurologist and neurosurgeon from New York 

Neurological Institute at Columbia University, was aiming to 
carry out a plexectomy again, the procedure introduced by 
Dandy years earlier. For the procedure, Putnam described a 
new instrument called a “ventriculoscope,” for the purpose 
of cauterizing the choroid plexus in children with communi-
cating hydrocephalus [16, 17]. This instrument had a length 
of 10 cm with a 6-mm OD (small model) or a length of 11 cm 
with a 7-mm OD (large model). With such equipment, bilat-
eral choroid plexus coagulation was carried out in seven chil-
dren with hydrocephalus, with “encouraging” results [18]. 
John Edwin Scarff (1898–1978) (Fig. 2.9) was the head of 
the Department of Neurological Surgery at Columbia 
University, New York, in 1935 [19]. In 1936, he published 

Fig. 2.8 Tracy Jackson Putnam (1894–1975) Fig. 2.9 John Edwin Scarff (1898–1978)
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his first experience with an endoscopic plexectomy using a 
new apparatus [20]. His ventriculoscope, very similar to a 
cystoscope, was 10 cm long with a 6-mm OD (small model) 
or 18 cm long with a 7-mm OD (large model). The equip-
ment permitted continuous irrigation in order to maintain 
constant intraventricular pressure and prevent ventricular 
collapse. This fact was, presumably, the cause of the bad ini-
tial results reported by Dandy, who stated in 1918:

Following the escape of the fluid, the thin brain walls collapse. 
... The mechanical kinking of the larger vascular trunks by angu-
lations of the enfolding brain must have a pronounced effect 
upon the circulation [21].

In Scarff’s system a movable coagulation probe was also 
included, allowing a large range of movement, making it 
possible to coagulate a large area of the choroid plexus. 
Through the same channel, another mobile probe was also 
created, with the purpose of perforating the floor of the third 
ventricle. Scarff published a report of a series of 19 patients 
in 1951, 15 of whom had a good outcome with a permanent 
reduction in intracranial pressure; 3 did not benefit from the 
intervention and 1 patient died [4, 22, 23].

2.1.2  Ostracism of Neuroendoscopy

The decades of the 1950s and 1960s represented a period of 
ostracism of the practice of neuroendoscopy. This was due to 
the advent of ventricular shunts, the development of micro-
neurosurgery, and above all, the technological limitations of 

the time [24]. In 1949, Frank Nulsen and Eugene Spitz per-
formed the first surgery to install a shunt for hydrocephalus 
[25], and also, in the decade following the introduction of 
microsurgical techniques, there were extraordinary advances, 
contributing to the temporary overlooking of neuroendos-
copy. The microscope provided the neurosurgeon precisely 
what neuroendoscopy did not provide: adequate lighting, 
magnification, and the ability to access deep structures with-
out incurring adjacent brain damage. In the 1960s, despite 
the stagnation in neuroendoscopy, there were major techno-
logical advances that allowed the resurgence of endoscopic 
techniques [26]. These advances correspond to the invention 
of a system of lenses with a variable refractive index by 
Harold Horace Hopkins (1918–1994) (Fig. 2.10), the inven-
tion of charged-couple devices (CCDs), and improvements 
in fiber optic technology [27]. Of these, undoubtedly, the 
technology of Hopkins deserves to be highlighted; it con-
sisted of a system composed of a glass tube with thin lenses 
made of air, a rod-lens system (Fig. 2.11) [28]. This system 
is the basis of current rigid neuroendoscopy, and is the tech-
nology purchased by Karl Storz [29]. The Hopkins system, 
incredibly, increased the field of view, color rendition, and 
resolution by approximately 10 times compared with previ-
ous endoscopes, and it is perhaps for this reason that Hopkins 
has been nominated twice for the Nobel Prize in Physics 
[30]. Charged-couple devices (CCD) are small semiconduc-
tor sensors that capture images formed by an integrated cir-
cuit containing an array of coupled capacitors. Their unique 
ability to convert optical signals into electrical impulses, 
approximately 10 times more sensitive to light than photo-

Fig. 2.10 Harold Horace Hopkins (1918–1994)

Fig. 2.11 Standard endoscope (above) and Hopkins rod-lens system 
(below). The glass rods in the Hopkins telescope provide a larger image, 
greater light transmission, and clarity of vision improved by approxi-
mately 10 times compared with previous endoscopes (Image courtesy 
of Karl Storz, Tuttlingen, Germany)
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graphic film, has made them vital to the miniaturization of 
the equipment, making it lighter to handle [27, 31]. Also, 
advances in fiber optic technology allowed for the use of 
powerful light sources that could be placed distally and 
transmitted with increasing efficiency to the structures of 
interest. These extraordinary advances in optics, which mini-
mized the loss of reflected light and improved video capture 
methods, have led to a revival of neuroendoscopy and a great 
interest in the method in the past 20 years [24].

2.1.3  Rebirth

The revival of neuroendoscopy occurred only thanks to tech-
nological development. In this phase, the contribution of 
Gerard Guiot (1912–1998), from Paris, is primarily 
 highlighted [32, 33]. His contribution was made thanks to 
the innovation introduced by Fourestier and Vulmière, from 
the Optical Institute of Paris. The innovation consisted of 
the installation of the light source not at the distal end of the 
endoscope, but at the proximal end, on the outside, in a sepa-
rate optical apparatus. Thus, it was possible to regulate the 
light intensity from the outside. With this innovation, the light 
intensity was improved, allowing photos and video record-
ings, and above all, safer handling of instruments in the ven-
tricular environment [2]. This innovation was first used by 
Guiot in 1962, at the Foch Hospital in Paris, in a patient with 

a cystic tumor bilaterally occluding the foramen of Monro. 
The endoscopic procedure was performed with a tumor punc-
ture and a third ventriculostomy. Two months after the endo-
scopic procedure, the tumor was completely removed under a 
microsurgical approach, and it was possible to show the third 
ventricle floor with the patent ventriculostomy. The patient 
had a favorable progression, and returned to work 2 months 
after the microsurgical procedure. A second neuroendoscopic 
procedure was also carried out in 1962, on a 3-month-old 
child with obstructive hydrocephalus; a third ventriculostomy 
was performed, with good patient progression [2]. Another 
great achievement of this revival period occurred in 1973. 
Takanori Fukushima, from Tokyo, was the first to use a flex-
ible endoscope. This “ventriculofiberscope” had a diameter 
of 4 mm, a flexible end, and a working channel. With this 
equipment 37 procedures were performed, which included 
biopsies, septostomies, and ventriculostomies [34, 35]. Other 
achievements also in this phase included the development of 
the first endoscopy system based on the Hopkins optic sys-
tem, by Griffith, from Bristol in the United Kingdom. This 
device had an OD sheath of 4.5 mm, and plexectomies, aque-
ductoplasties, and biopsies were performed with it [36, 37]. 
Also, in 1977, Apuzzo and colleagues, from Los Angeles, 
published a pioneer work on the application of the Hopkins 
system to several neurosurgical procedures. As an innovation, 
the work introduced optics with angles from 70° to 120° in 
cranial, spinal, and transfenoidal surgeries [28].

2.1 Historical Evolution
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2.2  Basic Techniques for Ventricular 
Approaches

Neuroendoscopy has attracted great attention in the past two 
decades due to the technological development of optical 
 systems, cameras, and monitors, providing great safety and 
elegance for the procedures. With such advances, the endo-
scope has been definitively added to the modern equipment 
arsenal of the neurosurgeon. The neuroendoscope, when 
compared with the surgical microscope, provides a com-
pletely different view, with advantages and disadvantages 
(Fig. 2.12). Current systems of rigid endoscopy with the 
Hopkins rod-lens system (Karl Storz, Tuttlingen, Germany), 
those most used worldwide, provide a field of view resulting 
in an excellent panoramic vision (wide angle), and even 
lesions not located directly in front of the endoscope can be 
easily recognized. There are also flexible endoscopy systems, 
based on a bundle of optical fibers which – despite allowing 
for broad angulation for viewing inside the ventricle – do not 
have the same image resolution, which is lower than that of 
rigid endoscopy [38, 39]. As a result of the aspect of a pan-
oramic view and greater ease in identifying intraventricular 
structures, the orientation during endoscopic navigation is 
extremely safe. This feature is important, because in neuroen-
doscopy, the surgeon works in a narrow and deep corridor. 
Endoscopes with angled optics permit “looking around the 
corner” or behind vascular structures, which is a very positive 
feature of microsurgeries that are controlled and assisted by 
neuroendoscopy [38, 39]. The vast majority of ventricular 
endoscopic procedures may be performed with non-angled 
systems. The use of endoscopes allows viewing of the neuro-
surgical target with impeccable lighting, even in a very deep 
field. Another important advantage of the endoscope over the 

microscope is the excellent depth of field, so there is no need 
to adjust the focus during the procedure, a feature which is 
required with the use of the microscope, particularly at high 
magnifications. Obviously, the endoscope also has its limita-
tions. The most striking is the lack of stereoscopic vision. The 
view provided by the endoscope is a “fish eye” view, which is 
a kind of pseudo three-dimensional (3D) view. This aspect is 
partly influenced by a phenomenon called parallax, a term 
derived from astronomy, which is the impression that objects 
displayed closer to the endoscope move more than more dis-
tant objects, and this contributes to the pseudo 3D effect [38, 
39]. Intraventricular navigation in the absence of a stereo-
scopic view is compensated by training. Training should be 
started mainly on the simplest cases, using non-angled optics. 
The lack of image resolution is another disadvantage of the 
endoscope compared with the microscope, which has objec-
tive lenses with a larger diameter. Another reason for the good 
resolution of the microscope is that the surgeon is looking 
directly through the lens system and the human retina is the 
sensor that captures the images. With the endoscope, on the 
other hand, this sensor is the CCD located on the head of the 
camera coupled to the optics. Even with the recent introduc-
tion of high-definition cameras, which generate images of 
1080 lines and 2 million pixels, this image is still not compa-
rable to the power of resolution of the human retina [39]. 
Currently, cerebral endoscopy can be classified in terms of 
endoscopic neurosurgery, endoscope- controlled microneuro-
surgery, and endoscope-assisted microneurosurgery [38, 40]. 
Endoscopic neurosurgery or ventricular neuroendoscopy 
(“channel endoscopy”) basically consists of the use of the 
neuroendoscope in the ventricular cavity, with the instru-
ments being employed through a working channel in the 
endoscope itself. The neuroendoscope is used to navigate in 

a b c

Fig. 2.12 Comparison of microscopic view (a) and non-angled (b) and angled (c) endoscopic views (Reprinted from Schroeder [38], with permission)
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the ventricular liquid medium, so the blood is the worst 
enemy, given the difficulty in viewing the structures. Because 
of this, continuous ventricular irrigation with warmed saline 
through a channel of the endoscope is mandatory. Endoscope-
controlled microneurosurgery basically consists of the resec-
tion of hypophyseal tumors, skull base tumors, and tumors in 
other cranial locations done exclusively with the endoscope. 
Endoscope-assisted microneurosurgery consists of the use of 
the neuroendoscope alongside the surgical microscope, in the 
same operation, whether for the removal of tumors or in vas-
cular surgeries [38–40]. The general indications for endo-
scopic neurosurgery are obstructions in cerebrospinal fluid 
(CSF) circulation pathways, arachnoid and intraparenchymal 
cysts, and intraventricular lesions [41–44]. The most common 
techniques for restoring CSF movement include: endoscopic 
third ventriculostomy (ETV), septostomy, foraminoplasty, 
aqueductoplasty with or without a stent, cyst fenestrations in 
general, and tumor removals [45–51]. The most common cra-
nial point for ventricular neuroendoscopy is Kocher’s point, 
located in the frontal region, about 2 cm anterior to the coro-
nal suture and 2 cm lateral to the midline. All the images for 
this atlas were obtained from this point, with small variations, 
in centimeters, according to the presence or absence of a pat-
ent fontanelle (in children), the ventricular anatomy, and the 
type of disease being treated. Other points of ventricular 
access are described both for endoscopic procedures them-
selves, and for ventricular punctures in general [52] (Figs. 
2.13, 2.14, and 2.15). In adults and older children, the skull 
opening is done through a burr hole, and in newborns, the 
fontanelle can be used as a natural portal for the introduction 
of the endoscope (Figs. 2.16, 2.17, 2.18, 2.19 and 2.20). In 
newborns, the approach can also be performed by a minicra-
niotomy [53] (Fig. 2.21). Before the beginning of the surgery 
itself it is very important to check the position of the monitor 
for good visualization and for the comfort of the surgeon, 
mainly in more time-consuming procedures (Figs. 2.22 and 
2.23). In adults and older children the opening of the skull can 
be performed with a high-rotation drill followed by a cross 
fashion dural opening (Figs. 2.24 and 2.25). In newborns the 
fontanelle is a physiological way and the dura is opened in 
linear fashion, allowing watertight closure at the end (Figs. 
2.26 and 2.27). In endoscopic neurosurgery, the endoscope 
itself is the only ventricular visualization tool, and the tools 
are introduced into the surgical field through working chan-
nels that are part of each system. Currently several types of 
neuroendoscopes are available. Compact and small-size sys-
tems, such as the Oi HandyPro and Gaab systems (Karl Storz, 
Tuttlingen, Germany) allow more free movements inside the 
ventricle, as well as providing excellent image quality (Figs. 
2.28 and 2.29). The endoscope can be inserted into the ven-
tricular system through a trocar inside a sheath (Fig. 2.30), 
but some surgeons prefer a peel-away sheath. After the ven-
tricular puncture is done, the trocar is removed, and in its 

place the optic is inserted, which is nothing more than the 
endoscope itself. At this point, it is possible to navigate the 
ventricle by maneuvering the optic with the dominant hand 
and holding the sheath at its entry into the skull with the non- 
dominant hand, in order to avoid inadvertent introduction of 
the system into the ventricle (Fig. 2.31). Some neuroendosco-
pists prefer to make use of an articulated arm in order to keep 
the endoscope in place and have both hands free to manipu-
late instruments through the working channels. Another alter-
native is that the neuroendoscopist can perform the navigation 
with both hands, as described above, and a second neuroen-
doscopist can manipulate the instruments through the work-
ing channel without concern for the navigation [54]. In this 
case, some systems allow the use of instruments in two work 
channels simultaneously, resulting in a bimanual dissection, 
although with coaxial movement, and obviously not as ele-
gant as a microsurgical dissection [55]. A third alternative, 
which is the preference of this author, is a frameless free-hand 
technique [56], wherein the ventricular navigation through 
the endoscope is performed with the non- dominant hand and 
instruments are used through the working channel with the 
dominant hand. Among the various types of rigid endoscopy 
systems applicable to ventricular procedures, the first in 
which this technique has been described is the Oi HandyPro 
[56, 57] (Fig. 2.32). The Gaab system, although it was not 
designed specifically for this technique, allows the use of the 
free-hand technique due to its compact size (Figs. 2.33, 2.34, 
and 2.35). All images in this book were obtained with these 
two systems. It is possible for the neuroendoscopist to per-
form the procedures in a sitting or standing position, depend-
ing on the duration of the surgery (Figs. 2.36 and 2.37). At the 
end of the procedure, in adults and older children, biological 
glue is sufficient to seal the corticotomy, and closure of the 
scalp with planes is sufficient. On the other hand, in new-
borns, dural watertight closure (polypropylene or silk) and 
biological glue is mandatory (Figs. 2.38, 2.39, 2.40, and 
2.41). When performing minicraniotomy [53], dural closure 
is also necessary, as well as bone fixation (Fig. 2.42). The 
scalp is closed layer by layer, in watertight fashion. In adults, 
the skin is closed with mononylon in separate points (Fig. 
2.43), with the same skin closure used for children, although 
in babies an absorbable suture can be a good option for the 
skin. The ability to capture and archive neuroendoscopic vid-
eos, images, and patient data easily and securely during pro-
cedures ensures that detailed and accurate records of the 
diagnosis and treatment are achieved. These records also pro-
vide a valuable knowledge base for training, education, pub-
lication, and sharing scientific information with colleagues. 
The AIDA (Advanced Image and Data Acquisition) system 
(Karl Storz, Tuttlingen, Germany) offers a solution for the 
recording of patient data and full high-definition (HD) videos 
and still images. An intuitive interface and user-friendly front 
panel supports fast and uncomplicated handling (Fig. 2.44).
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Fig. 2.13 Schematic illustration of all the extra-calvarial ventricular 
access points: Keen (1), Kocher (2), Dandy (3), Frazier (4), Kaufman 
(5), and Tubbs (6) (Reprinted from Mortazavi et al. [52], with 
permission)

Fig. 2.14 Kocher’s point in an adult

Fig. 2.15 Kocher’s point in a 2-year-old child

Fig. 2.16 Three-dimensional (3D) computerized tomography (CT) 
scan depicting the burr hole at Kocher’s point in an adult
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Fig. 2.17 3D CT scan depicting the burr hole more anterior to the tra-
ditional reference of Kocher’s point, in a 2-year-old child with reduced 
fontanelle

Fig. 2.18 Detail of the transfontanelle approach

Fig. 2.19 Detail of the transfontanelle approach in a patient with com-
plex hydrocephalus, after several external ventricular drainages

Fig. 2.20 3D CT scan showing detail of the postoperative linear inci-
sion in the transfontanelle approach
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Fig. 2.21 Approach by minicraniotomy (Reprinted from Costa Val 
[53], with permission)

Fig. 2.22 Position of the neuroendoscopy tower
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Fig. 2.23 Position of the neuroendoscopy tower and ready surgical 
field. Because of the continuous irrigation a waterproof bag is very 
useful

Fig. 2.24 Skull opening with a high-rotation drill in an adult

Fig. 2.25 Bipolar coagulation before the dural opening, performed in 
cross fashion, in an adult

Fig. 2.26 Dural opening performed in a linear fashion in a newborn
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Fig. 2.27 Corticotomy with bipolar coagulation avoiding the dural 
edge to allow closure after the procedure

Fig. 2.28 Oi HandyPro system, with removable handle, including 
operating sheath handle (three work channels), mandrel, and wide- 
angle straightforward telescope 0° (enlarged view, diameter 2 mm, 
length 26 cm). Instruments (diameter 1.3 mm, working length 30 cm), 
including scissors (single-action jaws), biopsy forceps (double-action 
jaws), grasping forceps (double-action jaws), unipolar coagulation 
electrode, and bipolar coagulation electrode (Images courtesy of Karl 
Storz, Tuttlingen, Germany)
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Fig. 2.29 Gaab system, including wide-angle straightforward tele-
scope 6°, with working channel diameter 3 mm, length 15 cm. Operating 
sheath, graduated, outer diameter 6.5 mm, working length 13 cm, with 
lateral stopcock and catheter port and obturator. Instruments, including 
grasping forceps (single-action jaws, diameter 2.7 mm, working length 
30 cm), biopsy forceps (single-action jaws, diameter 2.7 mm, working 
length 30 cm), scissors (pointed, single-action jaws, diameter 2.7 mm, 
working length 30 cm), scissors (pointed, slightly curved, double- 
action jaws, diameter 1.7 mm, working length 30 cm), biopsy forceps 
(double-action jaws, diameter 1.7 mm, working length 30 cm), forceps 
for ventriculostomy (diameter 1.7 mm, working length 30 cm), bipolar 
forceps (with flat jaws, size 2.4 mm, working length 24 cm), bipolar 
coagulation electrode (diameter 1.7 mm, working length 30 cm), unipo-
lar coagulation electrode (semiflexible, diameter 1.7 mm, working 
length 30 cm), suction catheter (flexible, for single use, diameter 
2.5 mm, working length 45 cm), irrigation tube, and holding system 
(Images courtesy of Karl Storz, Tuttlingen, Germany)

Fig. 2.30 Ventricular puncture under irrigation with Gaab system 
operation sheath. During the procedure it is very important to maintain 
continuous irrigation to avoid ventricular collapse. It is mandatory to 
have the passive exit always open to avoid intraventricular 
hypertension

Fig. 2.31 Ventricular navigation and inspection with the Gaab system
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Fig. 2.32 Oi HandyPro frameless free-hand system

Fig. 2.33 Free-hand technique with the Gaab system, holding the neu-
roendoscope with the non-dominant hand and handling the instrument 
(grasping forceps) with the dominant hand

Fig. 2.34 Free-hand technique with the Gaab system, holding the neu-
roendoscope with the non-dominant hand and handling the instrument 
(scissors) with the dominant hand

Fig. 2.35 Free-hand technique with the Gaab system, holding the neu-
roendoscope with the non-dominant hand and handling the instrument 
(bipolar coagulation electrode) with the dominant hand
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Fig. 2.36 Performing the surgery in the sitting position

Fig. 2.37 Performing the surgery in the standing position

Fig. 2.38 Aspect of dural opening at the end of the procedure. There is 
evident brain shift

Fig. 2.39 Polypropylene watertight dural closure

Fig. 2.40 Silk watertight dural closure
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Fig. 2.41 Biological glue over suture

Fig. 2.42 After a minicraniotomy, the osteoplastic flap returns to its 
place, attached with the pericranium aid, after watertight dural closure 
(Reprinted from Costa Val [53], with permission)

Fig. 2.43 Mononylon separate point skin closure

Fig. 2.44 AIDA (Advanced Image and Data Acquisition) system. A 
solution for the recording of patient data, full high-definition (HD) vid-
eos, and images (Image courtesy of Karl Storz, Tuttlingen, Germany)
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2.3  Main Ventricular Procedures 
and their Indications

2.3.1  Endoscopic Third Ventriculostomy 
(ETV)

ETV is the most often performed endoscopic procedure, and 
therefore it is the one most studied in the neuroendoscopic 
literature worldwide. The technique is based on the creation 
of an alternative exit route for draining CSF from the ven-
tricular system into the subarachnoid space. In this tech-
nique a fenestration is performed in the third ventricle floor 
and in the membrane of Liliequist just below it, allowing the 
CSF to flow out to the interpeduncular and prepontine cis-
terns. The main indication for ETV is for obstructive hydro-
cephalus, and such obstruction may be located anywhere 
from the middle and posterior portion of the third ventricle 
to the median and lateral openings of the fourth ventricle. 
Moreover, patency of the subarachnoid space and preserva-
tion of CSF absorption at the arachnoid granulations level 
are necessary conditions. Magnetic resonance imaging 
(MRI) is the gold standard for the indication of this proce-
dure, because it allows the topographic identification of the 
obstruction. The sagittal T2-weighted sequence is the most 
suitable for such analysis. On the other hand, there is no 
additional examination able to accurately assess the cister-
nal circulation and CSF absorption. Therefore, if, in associ-
ation with the intraventricular obstruction mechanism, there 
is some pathological condition interfering with CSF circula-
tion in the subarachnoid space or CSF absorption, the suc-
cessful outcome of ETV can be questioned [48]. Other 
relevant information provided by MRI is the space below 
the third ventricle floor, particularly the gap between the cli-
vus and the basilar artery in the interpeduncular cistern 
(Figs. 2.45 and 2.46). This data allows the third ventricle 
floor to be opened safely [58]. The lack of space is not an 
absolute contraindication to carrying out fenestration, but 
doing so requires a learning curve. The ETV technique 
involves inserting the endoscope through the frontal 
approach at Kocher’s point, typically situated 2 cm in front 
of the coronal suture and 2 cm lateral to the midline. This is 
not an absolute point, because small variations can be made, 
especially in the pediatric age group, taking into account the 
position of the fontanelle, which is a physiological portal, 
and ventricular size, always avoiding penetration in elo-
quent areas [59]. The right side is usually chosen, but the 
side on which the frontal horn is larger may be used. 
Penetrating the lateral ventricle, access to the third ventricle 
is achieved through the foramen of Monro. Soon after, the 
structures of the floor of the third ventricle can be identified; 
arranged in the anteroposterior direction, these are: optic 
chiasm, tuber cinereum with the infundibular recess, and the 
mammillary bodies. Fenestration in the tuber cinereum is 

done at the midpoint between the infundibulum and the 
mammillary bodies and may vary in some cases depending 
on the position of the bifurcation of the basilar artery, some-
times seen due to transparency through the tuber cinereum. 
This fenestration is usually performed with bipolar coagula-
tion, or sometimes by using the tip of a non- activated bipo-
lar electrode, serving as a blunt instrument. For such 
fenestration at an experimental level, a type of water jet has 
been conceived [60], and also laser can be an option [61]. 
After fenestration, the stoma is generally expanded by using 
a 3F or 4F Fogarty balloon catheter, or any other suitable 
instrument. Opening of the membrane of Liliequist, located 
just below the third ventricle floor, is of great importance. In 
cases of delayed closure, repeating ETV before considering 
a shunt implant is recommended [62]. After the fenestration, 
the endoscope can be inserted inside the interpeduncular 
cistern to expand the stoma and see if the subarachnoid 
space is patent. Technical details may vary between neuro-
endoscopists, from using a Fogarty catheter balloon, to 
grasping forceps, to using a double balloon catheter in the 
form of an eight, especially developed for ETV [63]. The 
overall success rate of the ETV procedure is around 75%, 
but this depends on the etiology of the hydrocephalus and, 
above all, on the age of the patient [64]. In adults with 
obstructive hydrocephalus, the chance of success is very 
high. Also, in normal-pressure hydrocephalus when there is 
an obstructive component present, the results are favorable 
[65]. In children, taking into consideration the etiology, the 
best results are seen in hydrocephalus secondary to aque-
ductal stenosis, and in tumors in the posterior portion of the 
third ventricle or in the posterior fossa. Spennato et al. 
reviewed the literature and found an average success rate of 
68% in patients with aqueduct stenosis [66]. Sainte-Rose 
et al. carried out a comparative study of the performance of 
ETV in children with posterior fossa tumors. When the 
endoscopic procedure was performed before the approach 
to the tumor, the chance of long-term development of hydro-
cephalus was only 6.6% [67]. On the other hand, in cases in 
which external ventricular drainage or simple resection of 
the tumor was done in attempts to restore the CSF circula-
tion, the rate of hydrocephalus requiring further treatment 
was 26.8%. Although this was not a prospective, random-
ized study, the authors concluded that ETV was superior to 
any other approach in the management of hydrocephalus 
secondary to posterior fossa tumors [67]. O’Brien et al. [68] 
analyzed 170 cases of primary pediatric ETV; that is, ETV 
used as the first treatment for hydrocephalus of different eti-
ologies. These authors reported a success rate of around 
70%. However, when they analyzed patients with hydro-
cephalus secondary to intraventricular hemorrhage or men-
ingitis, the success rate was just 27% or 0%, respectively, 
once again confirming the significance of the obstructive 
etiology. These authors also analyzed 63 cases where ETV 
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was performed in the presence of dysfunction (mechanical 
or infectious) of a  ventriculoperitoneal shunt. The success 
rate was 78%, showing that although the shunt was present 
and there was possible lower CSF circulation in the sub-
arachnoid space previously, these factors would not be a 
hindrance for an ETV operation [68]. Concerning etiology, 
pediatric ETV has a high failure rate in children with previ-
ous shunts and in those with postinfectious hydrocephalus 
[69]. If, on one hand, the etiology in children is well defined 
as a prognostic factor for the success of ETV, the age is also 
an important factor to be considered. Today it is known that 
the earlier the procedure is performed, the greater the chance 
of failure, due to the immaturity of the ventricular system 
and also due to the existence of alternative pathways for dif-
ferent CSF drainage compared with those in adults. It has 
been considered that age of less than 2 years would be a 
factor for poor prognosis. Later, studies emerged that advo-
cated avoiding ETV alone in children under 1 year of age, 
which seems to be the most reasonable recommendation in 
the current literature [70]. In a study by Koch-Wiewrodt and 
Wagner [71], in a series of 28 children who underwent ETV 
before 1 year of age, when comparing the average age of 
those with a successful procedure with the age of those 
whose procedure failed, there was no statistically significant 
difference. However, when considering the chance of failure 
month by month, these authors noticed an increasing trend 

in the success rate after age 2–4 months. This observation 
was also noted in patients with aqueduct stenosis in the 
cases found in the literature of the time [71]. Other small 
series are in favor of ETV at any age [72, 73]. Given this 
controversy, there is now the possibility of predicting the 
success of ETV in pediatric patients using a scale, the ETV 
Success Score (ETVSS). The scale takes into account the 
age, etiology, and the presence or absence of a previous 
shunt, and the points assigned to each parameter are 
summed. The higher the sum, the greater the chance of suc-
cess [74, 75]. Another way to predict success in pediatric 
patients is through artificial neural networks (ANN) [76]. 
An association between ETV and choroid plexus coagula-
tion seems to be a promising technique for patients under 
1 year of age, as discussed in Sect. 2.3.2 (Choroid Plexus 
Coagulation [CPC]). Like any surgical procedure, ETV is 
not without complications. A literature review shows the 
overall complication rate is between 5% and 15%, the per-
manent morbidity is less than 3%, and mortality is less than 
1% [77]. Of course, when analyzing the number of compli-
cations in the literature, one should take into account the 
limitations and the learning curve of each individual neuro-
surgeon. To assess patient outcomes, apart from clinical 
evolution, postoperative imaging such as CT or MRI is 
important to evaluate the success of the ETV (Figs. 2.47, 
2.48, 2.49, 2.50, and 2.51).

Fig. 2.45 Sagittal T2-weighted MRI showing obstructive hydrocepha-
lus due to aqueductal obstruction. Note the presence of an adequate 
space between the clivus and the top of the basilar artery (red arrow). 
This allows to perform a safe ETV

Fig. 2.46 Sagittal T2-weighted MRI showing obstructive hydrocepha-
lus due to pineal tumor obstruction. There is no space between the cli-
vus and the top of the basilar artery (red arrow). Before the neurosurgeon 
can perform a safe ETV, a learning curve is necessary
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Fig. 2.47 Axial CT scan showing presence of air inside the lateral ven-
tricle after ETV. This is a common finding

Fig. 2.48 Sagittal CT scan showing the presence of air inside the lat-
eral ventricle after ETV. This is a common finding

Fig. 2.49 Sagittal CT scan showing habitual neuroendoscope 
trajectory

Fig. 2.50 Coronal CT scan showing habitual neuroendoscope 
trajectory
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c d

Fig. 2.51 MRI sequences showing CSF flow artifact after a successful ETV. Sagittal T2-weighted (a); coronal flair (b); axial T2-weighted, with 
flow inside the third ventricle (c); and inside interpeduncular cistern (d)
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2.3.2  Choroid Plexus Coagulation (CPC) 
[78–80]

Faivre, in 1854, and Luschka, in 1855, were the first research-
ers to suggest that the choroid plexus is the source of CSF 
[81, 82]. Cushing supported this hypothesis through intraop-
erative observations [83]. Extrachoroidal fluid production 
was suggested by Weed, in 1914, from animal studies [82]. 
Dandy, in 1918, demonstrated, in an animal study, that 
 unilateral hydrocephalus was produced when the fourth ven-
tricle was blocked, together with the access through the fora-
men of Monro to the contralateral plexectomized lateral 
ventricle [21, 84]. Furthermore, in the same year, he also 
demonstrated, in an animal study, that CSF was produced by 
the choroid plexus. Based on this result, he performed cho-
roid plexus extirpation by open surgery in four infants with 
communicating hydrocephalus. In this series, one infant with 
moderate hydrocephalus and myelomenigocele was well at 
10 months follow-up, and the other three infants, with severe 
hydrocephalus, died within 4 weeks after the operation [21, 
84]. Later, in 1932, Dandy also used a rigid Kelly cystoscope 
to inspect the lateral ventricles in two hydrocephalic children 
[84, 85]. CPC was attempted in one case, as described in 
detail in 1938 [84, 86]. The technique of CPC was first 
described by Putnam in 1934 [18, 84]. In subsequent years, 
besides CPC, other surgical treatments of hydrocephalus 
were introduced, including ETV and extrathecal CSF shunts. 
In a review, there were 95 cases of CPC from 1934 to 1957. 
The mean mortality rate was 15%, while the mean success 
rate was 60%, with an average follow-up period of 8 years. 
On the other hand, there were 1087 cases of various kinds of 
CSF shunts, including 230 ventriculoperitoneal shunts 
(VPSs). The mean mortality rate was 10%, and the mean ini-
tial success rate was 60%, with an average follow-up time of 
2 years [84]. The results of these reviews showed a shift from 
CPC to CSF shunts, perhaps due to poor and limited technol-
ogy. However, the late complication rate for CSF shunts was 
57% [84, 87]. Scarff, in 1970, published the first large series 
of CPC cases, his own series of 39 children treated during a 
23-year period, with a 67% success rate [88]. Milhorat, in 
1974, reported his series of 12 patients who underwent cho-
roid plexectomy. Of the 11 survivors, 8 (72%) failed and 
required a further shunt [89]. After this report, and a report 
that CPC in rhesus monkeys reduced CSF production by 
only 40%, the use of CPC declined in favor of the use of CSF 
shunts [84]. In the neuroendoscopic literature from the 1980s 
to 2004, the success rate of CPC was between 30% and 52% 
[36, 90, 91]. In small series, two out of three cases were suc-
cessful [84, 92]. Griffith, in 1986, gave a detailed account of 
endoscopic intracranial neurosurgery, through a report of the 
results of 71 patients treated by CPC with or without CSF 
shunt, from 1972 to 1982 [93]. The selection criteria were 
infants with hydrocephalus who had progressively enlarging 

head circumference with grossly dilated ventricles and 
absent superficial CSF space on CT scans. Behavioral 
changes were also considered. In this series, 30% of the 
patients were not shunt-dependent. The success rates were 
54%, 58%, and 22% for groups with myelomenigocele, and 
those with communicating and obstructive hydrocephalus, 
respectively. The same author, in 1990, further reported the 
results of 32 childhood hydrocephalus cases treated by CPC 
between 1985 and 1988 with CT scan examinations. Eighteen 
patients were under the age of 6 months. Patient selection 
was the same as that in his previous report. In addition, all 
patients showed marked ventricular dilatation on a preopera-
tive CT scan [90]. In contrast to his previous series, in this 
series, Griffith added postoperative perfusion of the ventricu-
lar system with artificial CSF to clear the postcoagulation 
blood and protein released into the CSF. The average 
 follow- up time ranged from 1 to 4 years. Fifty-two percent of 
the patients were shunt-independent. All those who required 
VPS, except for one patient, showed that requirement within 
an interval of ≤12 weeks. Among the successful group, most 
of the patients showed a head circumference similar to the 
preoperative size [84]. Pople and Ettles, in 1995, reviewed 
the results of CPC in 116 children with hydrocephalus oper-
ated from 1973 to 1993 [91]. The mean age was 2 years and 
the overall hydrocephalus control rate was 49.5%. In the 
children with communicating hydrocephalus, there was a 
slow to moderate rate of increase in head circumference, and 
the long-term control rate was 64%. On the other hand, in the 
patients who presented with tense fontanelles and rapidly 
progressing hydrocephalus, only 35% achieved long-term 
control without CSF shunts, and the authors suggested that 
the main indication for CPC in infants was mildly progres-
sive communicating hydrocephalus. In these patients, it 
seemed that the balance between the production and absorp-
tion of CSF could be restored by only a small reduction in 
outflow from the choroid plexus of the lateral ventricle. In 
contrast, CPC was not recommended for rapidly progressive 
hydrocephalus with acutely raised intracranial pressure [84, 
91, 94]. These first experiences were quite controversial, per-
haps because of technological limitations [78–80]. In the late 
1990s to early 2000s, due to the advances in neurosurgical 
technology, the mortality rate in isolated CPC has decreased, 
but the key issue for its decline in clinical practice is its rela-
tive lack of efficacy [84]. The Uganda series reported by Dr. 
Benjamin Warf, investigated the beneficial effect of ETV 
associated with CPC for the first time, again arousing inter-
est in this technique. It was concluded that the ETV/CPC 
procedure was superior to ETV alone in infants younger than 
1 year of age, particularly among those with non-postinfec-
tious hydrocephalus and myelomeningocele, but longer fol-
low-up with neurocognitive assessment was necessary [95]. 
Warf published his first results from ETV/CPC for children 
in Africa in 2005 [95]. The long-term outcome and neuro-
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cognitive outcome were reported in 2008 [96] and 2009 [97], 
respectively. These reports highlighted the fact that shunt 
dependency in children with hydrocephalus is more danger-
ous in developing countries than in developed countries 
because of the limitations in accessing competent centers in 
the event of shunt malfunction or infection [95]. Warf and 
Campbell, in 2008 [96], reported the long-term result of 
ETV/CPC for East African infants with hydrocephalus 
related to myelomeningocele. Among the 338 infants whose 
myelomeningocele was repaired prior to 6 months of age, 
258 patients (66%) who had been followed-up for >6 months 
required treatment for hydrocephalus. There were 93 patients 
(mean age, 3 months) who had completed ETV/CPC with 
>1 month follow-up. A success (shunt-independent) rate of 
76% was achieved. This success rate was higher in ETV/
CPC patients than in those with ETV alone for infants aged 
6 months or younger with hydrocephalus in association with 
myelomeningocele, as reported in the literature [98, 99]. In 
2009, Warf et al. [97] reported the neurocognitive outcome 
and ventricular volume in children with myelomeningocele 
treated for hydrocephalus in Uganda. The modified Bayley 
Scales of Infant Development (BSID-III) and the frontal/
occipital horn ratio (FOR) were used to compare three groups 
of patients with myelomeningocele. For the modified BSID- 
III, there was a statistically significant difference between 
the treatment groups with VPS and those with ETV/CPC. For 
the ventricular size, the FOR was 0.7, 0.65, and 0.62 for the 
VPS, ETV/CPC, and the treatment-not required group, 
respectively, without a statistically significant difference 
between the groups. The authors suggested that future 
research is needed to compare outcomes by using a larger 
control group of children treated primarily with VPS [97]. 
Even so, Warf et al. have applied ETV/CPC to encephalo-
cele, with a success rate of 85% [100], and in obstructive 
hydrocephalus due to aqueductal stenosis, they have achieved 
a success rate of 81.9% in patients treated by ETV/CPC 
[101]. Dandy-Walker complex is another condition that is 
treatable by ETV/CPC, according to Warf’s African series 
[102]. Also, a larger series of this disease treated by neuroen-
doscopy in the Uganda scenario was reported, and this tech-
nique should be strongly considered as the primary 
management in place of the traditional standard of creating 
shunt dependence. For this disease, the success rate was 74% 
for Dandy-Walker malformation, 73% for Dandy-Walker 
variant, and 100% for mega cisterna magna. Eighty-eight 
percent of the patients were younger than 12 months and 
95% had an open aqueduct at the time of the ETV/CPC. None 
required posterior fossa shunting in a mean follow-up of 
24.2 months [102]. From the same Warf’s African series, the 
use of ETV/CPC in communicating hydrocephalus was a 

viable option [103]. ETV/CPC was significantly more suc-
cessful than ETV alone in treating congenital idiopathic 
hydrocephalus of infancy. In this study with 64 infants 
(mean/median age, 6.1/5.0 months), 16 consecutive patients 
were treated by ETV alone, and the subsequent 48 by ETV/
CPC (mean/median follow-up 34.4/36.0 months). ETV was 
successful in 20% and ETV/CPC in 72.4% at 4 years (p < 
0.0002, log rank test; p = 0.0006, Gehan–Breslow–Wilcoxon 
test; hazard ratio 6.9, 95% confidence interval [CI] 2.5–19.3). 
It was assumed that the primary effect of ETV, as a pulsation 
absorber, and of CPC, as a pulsation reducer, may be to 
reduce the net force of the intraventricular pulsations that 
produce ventricular expansion. On the other hand, ETV 
alone may be less successful for infants because of their 
greater brain compliance. Nevertheless, this technique 
appears to have a higher long-term success rate and a lower 
infection rate than primary shunt placement and should be 
considered an effective primary treatment option for con-
genital idiopathic hydrocephalus [103]. A new predictor of 
ETV/CPC success arose from the Uganda series: the CCHU 
(CURE Children’s Hospital of Uganda) ETV Success Score. 
This model allows clinicians to accurately identify children 
with a good chance of successful  outcome with ETV, taking 
into account the unique characteristics and circumstances of 
the Ugandan population [104].

An early North American multicenter experience with 
ETV/CPC in infants demonstrates that the procedure has rea-
sonable safety in selected cases. The degree of CPC achieved 
might be associated with a surgeon’s learning curve and this 
appears to affect success, suggesting that surgeon training 
might improve results [105]. Of note, both the ETV Success 
Score and the CCHU ETV Success Score predicted success 
following ETV/CPC in a single-center North American 
cohort of patients [106]. For complex or multiloculated 
hydrocephalus, choroid plexus coagulation or its resection in 
conjunction with multiple septal fenestration and CSF shunt 
is a good option to control hydrocephalus. In a review of 
their series of 93 cases of multiloculated hydrocephalus, 
Zuccaro and Ramos [107] reported that choroid plexus coag-
ulation and its resection was performed in 14 cases (8 by 
endoscopy and 6 by craniotomy). In another review, Zhu and 
DiRocco concluded that, because of the variable success 
rate, each patient must be studied individually [84]. Initial 
experience with ETV/CPC for post-hemorrhagic hydroceph-
alus of prematurity has revealed the importance of the pre-
pontine cistern status and the predictive value of fast imaging 
employing steady-state acquisition (FIESTA) MRI imaging 
[108]. In premature infants with intraventricular hemorrhage 
(IVH) and hydrocephalus, ETV/CPC is a safe initial proce-
dure that obviates the need for a CSF shunt in selected 
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patients. Even though the success rate is low (37%), the 
lower rate of complications in comparison with shunt treat-
ment may justify this procedure in the initial management of 
hydrocephalus. As several of the studied factors have been 
shown to influence the outcome, patient selection based on 
these observations might increase the success rate [109]. 
Besides the combined ETV/CPC technique, nowadays there 
are new indications for isolated CPC, such as in extreme 
hydrocephalus and hydranencephaly [92, 110, 111] (see 
Chap. 7). Avoidance of a CSF shunt is desirable in these con-
ditions, due to the thinness and fragility of the scalp, as well 
as the common presence of infected scalp ulcers at the pari-
etal bosses. In 2004, Morota and Fujiyama described a uni-
lateral transmural approach technique for bilateral CPC, in 
which they used a flexible neuroendoscope for three infants 
with IVH related to hydrocephalus. Two of the patients were 
shunt-independent. The authors suggested that the character-
istics of favorable candidates for CPC were severely 
advanced hydrocephalus, such as hydranencephalic hydro-
cephalus, slow progressive hydrocephalus, and lack of/or 
thinned-out septum pellucidum to make the bilateral endo-
scopic access possible [92]. Malheiros et al., in 2010, in a 
series of 17 patients, carried out CPC in 9 patients; the pro-
cedure successfully controlled excessive head circumference 
and signs of increased intracranial pressure in 8 of these 
patients (88.8%). One endoscopic procedure in a hydranen-
cephalic child failed after 7 months, resulting in VPS place-
ment. There were no complications related to this method of 
treatment. The authors concluded that CPC is an acceptable 
alternative to VPS for the treatment of hydranencephaly and 
near hydranencephaly, because it is a single, definitive, safe, 
effective, and economical treatment that may avoid the com-
plications of shunting [110]. In another recent study, in 
severe congenital hydrocephalus and hydranencephaly, CPC 
stabilized macrocephaly in approximately 40% of the infants 
who had the procedure, and was considered as an alternative 
to VPS placement. Patients were followed for 30–608 days 
(median, 120 days). Of the 30 evaluable patients, CPC was 
considered to have been successful in 13 (43.3%), including 
8 of 20 patients with severe hydrocephalus and 5 of 10 with 
hydranencephaly. CPC failure was evident from increased 
head circumference in 14 (82%) of the 17 failed patients and 
from CSF leakage in 3. Of the 17 failures, 13 occurred within 
3 months of surgery. Six patients died: 3 whose CPC proce-
dures were failures, 2 whose CPC was successful, and 1 
postoperatively. Of the 17 patients in whom CPC failed, 10 
subsequently underwent VPS insertion. This African study 
concluded that isolated CPC stabilizes macrocephaly and 
can be considered as an alternative to CSF shunt placement 
[111]. Figure 2.52 shows a postoperative aspect after CPC in 
an infant.

2.3.3  Septostomy

Endoscopic septostomy is the fenestration of the septum 
pellucidum, allowing communication between the two lat-
eral ventricles. Its main indication is related to the asym-
metric dilatation of the lateral ventricles, classified as 
complex hydrocephalus. This condition can be observed 
when there is obstruction of the foramen of Monro, due to 
inflammatory, congenital, or tumoral causes, with dilatation 
of the corresponding lateral ventricle. Another very com-
mon situation is, in a patient with CSF shunt, that obstruc-
tion of the foramen of Monro occurs at the side in which the 
ventricular catheter is inserted. The result is the isolation of 
this ventricle, and the shunt drains only this cavity, which 
becomes small. The remaining ventricular cavities would 
once again become dilated; in particular, the contralateral 
ventricle. When one lateral ventricle communicates with the 
opposite side by septostomy, the CSF will drain through the 
contralateral foramen of Monro, and the ventricular catheter 
will drain all the ventricles again. Septostomy is simpler and 
less risky than foraminoplasty of Monro in a patient with a 

Fig. 2.52 Axial CT scan depicting choroid plexus region in lateral ven-
tricles after coagulation
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CSF shunt, because in such a case, there would be a risk of 
creating a fornix lesion in any attempt to dilate the fornix, or 
there may even be damage to the venous angle. Septostomy 
may also be indicated in a patient in whom there is obstruc-
tion of the two foramina of Monro and there is a need for 
hydrocephalus treatment with a shunt system. The intention 
is to avoid the insertion of two systems. The septostomy 
technique is to approach the lateral ventricle, and with a 
monopolar or bipolar coagulation electrode, to make a large 
opening in the septum pellucidum. Once the septum pellu-
cidum has shifted to the smaller side of the ventricle, after 
penetration using a traditional 2-cm burr hole lateral to the 
median line, the viewing angle is not adequate and the fen-
estration is technically more difficult. To overcome this dif-
ficulty, placing the burr hole more laterally than normal, 
around 6 cm, is recommended. This has the advantage of 
enabling the surgeon to work in a larger cavity, but there is 
a risk of injury to the caudate nucleus and the contralateral 
thalamus. On the other hand, when a ventricle is approached 
with a shunt catheter from the opposite side, CSF drainage 
is not accompanied by septum displacement. Penetrating 
the usual distance from the midline is recommended, but on 
the smaller side of the ventricle, so there will be less diffi-
culty in fenestrating the septum, and also a smaller chance 
of damaging the contralateral ventricular wall [47]. Another 
attractive option is to approach the ventricle through a pari-
eto-occipital opening on the dilated ventricle side. By fol-
lowing the body of the ventricle, the most anterior and 
broadest portion of the septum is reached, at a more perpen-
dicular angle to the septum than that created with the para-
sagittal frontal approach [112]. In some cases, 
neuronavigation and biportal access may be required in 
complicated cases of postmeningitis hydrocephalus, because 
the larger the stoma, the greater the chance of success, espe-
cially in children under 2 years old [113].

2.3.4  Aqueductoplasty

Endoscopic aqueductoplasty consists of opening the cerebral 
aqueduct in a patient in whom the aqueduct is congenitally 
stenotic, stenotic after some inflammatory process, or ste-
notic because of tumor compression. In this situation, triven-
tricular dilation takes place. Over the years, different 
technical variations have been used, such as Fogarty balloon 
catheters, flexible endoscopy passing through the narrowed 
aqueduct, and stents. Regardless of these variations, endo-
scopic aqueductoplasty is an effective procedure with rela-
tively low morbidity, and in general, with a patient at an 
advanced age at the time of surgery, congenital etiology and 
the use of a stent are predictors of a good outcome [114]. The 

combination of a miniature intracatheter endoscope and a 
prepared ventricular catheter enables careful and elegant 
aqueductal stenting [115]. Another technique consists of a 
suboccipital approach, as low as possible, slightly parame-
dian (to avoid the occipital sinus), transcerebellar, or, more 
rarely, through the cisterna magna and the opening of the 
foramen of Magendie. Once inside the fourth ventricle, the 
endoscope should continue cranially until the aqueductal 
obstruction is viewed. Through a monopolar bipolar elec-
trode, used only as a rigid instrument, the stenosis can be 
perforated [116].

2.3.5  Complex Hydrocephalus

Complex hydrocephalus, also called multiloculated hydro-
cephalus, is associated in most cases with a prior infectious 
ventricular condition or intraventricular hemorrhage, which 
occurs most commonly, but not exclusively, in the first year 
of life. In this condition, septations are formed within the 
ventricular system and/or there are obstruction of the natu-
ral CSF pathways, such as the foramen of Monro, cerebral 
aqueduct, and exit openings of the fourth ventricle. 
Arachnoiditis and/or obstruction at the arachnoid granula-
tions level may be associated with the condition. Therefore, 
because of the impairment of the subarachnoid CSF circu-
lation and absorption, the vast majority of patients need a 
shunt system. In the pre-endoscopic era, the ventricles were 
compartmentalized, and the solution was the insertion of 
bilateral systems, with or without Y connections, between 
the ventricular catheters and the distal component of the 
shunt. This procedure increased the incidence of mechani-
cal and infectious complications. Neuroendoscopy, in 
patients with complex hydrocephalus, aims to open several 
septations, which may be associated with aqueductoplasty 
and septostomy. Once all cavities are communicating, a 
single shunt system will be sufficient for CSF drainage. A 
patient with this condition may or may not already have a 
shunt system. In the former case, the surgery is limited to 
the communication of the cavities. In the latter, after the 
opening of the septations by the neuroendoscope is com-
plete, the introduction of the ventricular catheter is done 
parallel to the endoscope trocar and its tip is placed under 
an endoscopic view at the location that is considered most 
appropriate. Supernumerary holes can be made along the 
catheter, which generally passes through more than one 
cavity. Technically, the opening of the septations is similar 
to septostomy. The wall of the septum is coagulated with a 
monopolar or bipolar electrode and the perforation is made. 
It is believed that the wider and the larger the number of 
openings, the less chance there is of them closing [112].
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2.3.6  Intracranial Arachnoid Cysts

Arachnoid cysts are congenital malformations related to a 
defect in the arachnoid, where the CSF is trapped and may 
increase over time, coming to exert a mass effect and impair 
the ventricular CSF circulation. Classically, arachnoid 
cysts were always treated with shunt systems for the perito-
neum. However, there were some problems with this 
modality, such as the technical difficulty of inserting the 
proximal catheter and/or the mechanical and infectious 
complications that could occur, as with any shunt device. 
Another therapeutic option is microsurgery for fenestration 
of the cyst and communication to an arachnoid cistern, 
although this has the disadvantage of being a larger proce-
dure. In arachnoid cysts with possible associated hydro-
cephalus, neuroendoscopic treatment consists of opening 
the cyst wall, connecting it to a cistern (cystocisternos-
tomy) or a ventricular cavity (cystoventriculostomy), and 
restoring the CSF circulation. The opening of the cyst wall 
can be done with a monopolar or bipolar electrode, fol-
lowed by dilatation with a Fogarty balloon catheter. Micro-
scissors and grasping forceps can also be used for 
fenestrating the membrane and further enlargement of the 
fenestration, or even removal of part of the cyst wall. Within 
the scope of this book, it is the suprasellar arachnoid cyst 
that has almost always presented itself in association with 
hydrocephalus. A particular case of suprasellar arachnoid 
cyst treatment consists of approaching the ventricular sys-
tem through Kocher’s point. Once inside the lateral ventri-
cle, it is possible to see the top of the cyst occupying the 
dilated foramen of Monro. The cyst is coagulated and 
fenestrated (ventriculocystostomy), and once inside the 
cyst cavity, it is possible to see its base behind the dorsum 
sellae, where fenestrations are made alongside the basilar 
artery region (cystocisternostomy). Data from the literature 
show that the success rate is higher (92%) with both upper 
and lower openings (ventriculocystocisternostomy) than 
with ventriculocystostomy (84%) [117] (see Chap. 6).

2.3.7  Biopsies and Tumor Resections

Intraventricular or paraventricular lesions touching the wall 
of the cavity have many differential diagnoses, and can be 
treated conservatively or by surgical resection, depending on 
the diagnosis. Thus, making the diagnosis is crucial. 
Performing a biopsy through a craniotomy can be disadvan-
tageous, because it involves complex surgery and entails 
some risk in a condition that is sometimes clinically manage-
able. Against this background, stereotactic biopsy has 
emerged as an effective method for diagnosis. An endoscopic 
biopsy has the same benefits as the stereotactic technique, in 

addition to the advantage of being able to treat hydrocepha-
lus by ETV, which is generally associated with these condi-
tions. The biopsy is performed with biopsy forceps that pass 
through the working channel of the endoscope. As many 
fragments are necessary to make a diagnosis, is important to 
remove specimens both from the surface and from deeper 
parts of the lesion. If there is bleeding, this may be overcome 
by irrigation with warmed saline or by bipolar or monopolar 
coagulation. The positive results of endoscopic biopsies 
range from 82.8% to 94.7%. The complication rate is around 
3.4–6.0% and mortality is 0–3.4% [118–120]. A recent sys-
tematic review and meta-analysis of a total of 2069 biopsies, 
which has added significantly to the current neuroendoscopic 
literature, shows that neuroendoscopic biopsies were per-
formed concurrently with at least one other procedure in 
82.7% of cases. The combined diagnostic yield in 28 studies 
reporting 1995 biopsies was 87.9%, the combined major 
morbidity from 17 studies reporting 592 biopsies was 3.1%, 
the combined mortality of 22 studies reporting 991 biopsies 
was 2.2%, and no significant differences were found in the 
diagnostic yield when comparing studies using rigid versus 
flexible endoscopes exclusively [121, 122]. With the pro-
gressive growth of endoscopic techniques, interest in intra-
ventricular tumor resection through this less invasive method 
has emerged. Although there are no absolute conditions for 
the procedure to succeed, the ideal condition is for the injury 
to be poorly vascularized, have a soft consistency, be up to 
2 cm in diameter, and have ventricular dilatation. A lesion 
that perfectly fits these conditions is the colloid cyst of the 
third ventricle. Several authors have reported excellent 
results, with lower morbidity, using the endoscopic resection 
technique, although the recurrence rate seems to be higher 
than that with microsurgery [123, 124]. The parallelism of 
the instruments makes handling them difficult. Their smaller 
diameter, and bleeding that clouds the view, requiring fre-
quent irrigation, still make the endoscopic resection tech-
nique very limited. Currently, there is already an endoscope 
model that allows the use of an ultrasonic aspirator inside it, 
increasing the efficiency of the resection [125]. It is possible 
that the development of new instruments may increase the 
potential of this technique in the resection of intraepithelial 
and paraventricular lesions.
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Entering the Third Ventricle: The Lateral 
Ventricle

3.1  Introduction

The basic condition for good visualization of ventricular 
structures is ventricular dilatation. Although currently it is 
possible to perform endoscopic procedures with non-dilated 
ventricles by neuronavigation techniques [1, 2], the vast 
majority of procedures are performed with dilated ventricles. 
Rigid endoscopy systems have a much higher image quality 
when compared with flexible systems. All pictures presented 
here were obtained from Karl Storz rigid endoscopy Gaab (6° 
viewing angle) systems and Oi HandyPro (0° viewing angle) 
(Karl Storz, Tuttlingen, Germany). The entry point used was 
Kocher’s point , in most cases on the right side, a point from 
which it is possible to perform the majority of ventricular pro-
cedures. This hole is located about 2 cm anterior to the coro-
nal suture and 2 cm lateral to the midline, approximately at 
the mid-pupillary line [3, 4]. Depending on the condition 
being treated, these coordinates may vary by centimeters. 
After entering the lateral ventricle (Figs. 3.1, 3.2, 3.3, 3.4, and 
3.5), the first significant anatomical viewing is the foramen of 
Monro, the gateway to the third ventricle. An important topo-
graphic detail is that the choroid plexus always lies in the 
posterior margin of the foramen, in close contact with the 
angle formed by the superior thalamostriate vein and the ante-
rior septal vein [3] (Fig. 3.6). In certain cases a foramino-

plasty may be necessary, making use of a Fogarty balloon 
catheter. Although this procedure is controversial, it can be 
performed safely and without permanent memory deficit if 
the structures in this region are properly displayed [5, 6, 7]. 
The foramen may still be occluded by arachnoid cysts within 
the lateral ventricles (which are basically treated with fenes-
trations to reduce their volume [8, 9]), or by tumors such as 
colloid cysts, which can be completely resected by neuroen-
doscopy [10]. Other procedures to be performed in this region 
are septostomy for an isolated lateral ventricle [7], and cho-
roid plexus coagulation, as discussed in Part I. The initial 
endoscopic viewing angle shown in Fig. 3.7 is intended for 
visualization of the structures in the body of the lateral ven-
tricle (see Figs. 3.8, 3.9, 3.10, 3.11, 3.12, 3.13, 3.14, 3.15, 
3.16, 3.17, 3.18, 3.19, 3.20, 3.21, 3.22, 3.23, 3.24, 3.25, 3.26, 
3.27, 3.28, 3.29, 3.30, 3.31, 3.32, 3.33, 3.34, 3.35, 3.36, 3.37, 
3.38, 3.39, 3.40, 3.41, 3.42, 3.43, 3.44, 3.45, 3.46, 3.47, 3.48, 
3.49, 3.50, 3.51, 3.52, and 3.53). The endoscopic viewing 
angles for better visualization of the septum pellucidum (Fig. 
3.54), frontal horn (Fig. 3.75), and atrium (Fig. 3.80) are 
shown prior to the following figures in each region (Fig. 3.55, 
3.56, 3.57, 3.58, 3.59, 3.60, 3.61, 3.62, 3.63, 3.64, 3.65, 3.66, 
3.67, 3.68, 3.69, 3.70, 3.71, 3.72, 3.73, 3.74, 3.76, 3.77, 3.78, 
3.79, 3.81, 3.82, 3.83, 3.84, 3.85, 3.86, 3.87, 3.88, and 3.89). 
Illustrative cases are presented.
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Fig. 3.1 Transfontanelle standard dural opening in a newborn. (A) Corticotomy, (B) Dura mater, (C) Scalp

Fig. 3.2 Gaab system operating sheath. (A) Neuroendoscope optics entrance, (B) Saline solution entrance channel, (C) Saline passive exit 
channel

3.2  Entering the Ventricular System

3 Entering the Third Ventricle: The Lateral Ventricle
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Fig. 3.3 Inside operating sheath. (A) Inside operating sheath

Fig. 3.4 Cerebral trajectory. (A) Brain, (B) Ependymal layer, (C) Inside the lateral ventricle

3.2 Entering the Ventricular System
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Fig. 3.5. Ependymal layer. (A) Inside the lateral ventricle, (B) Fenestrated ependymal layer
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Fig. 3.6 Foramen of Monro, its adjacent structures, and anterior segment of the third ventricle. Infundibular recess (a), right mammillary body 
(b), right column of the fornix (c), left column of the fornix (c’), thalamus (d), and optic chiasm (e) (Reprinted from Seeger [11])

3 Entering the Third Ventricle: The Lateral Ventricle
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Fig. 3.7 Direction of the endoscopic vision after entering the right lat-
eral ventricle

3.2 Entering the Ventricular System
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Fig. 3.9 Normal anatomy. (A) Foramen of Monro, (B) Column of the fornix, (C) Anterior caudate vein, (D) Superior thalamostriate vein, (E) 
Choroid plexus, (F) Body of the fornix, (G) Anterior septal vein, (H) Septum pellucidum

3.3  Right Lateral Ventricle: Foramen 
of Monro Region

Fig. 3.8 Normal anatomy. (A) Foramen of Monro, (B) Column of the fornix, (C) Frontal horn, (D) Head of the caudate nucleus, (E) Superior thala-
mostriate vein, (F) Choroid plexus, (G) Body of the fornix, (H) Anterior septal vein, (I) Septum pellucidum

3 Entering the Third Ventricle: The Lateral Ventricle
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Fig. 3.10 Normal anatomy. (A) Foramen of Monro, (B) Column of the fornix, (C) Superior thalamostriate vein, (D) Thalamus, (E) Choroid 
plexus, (F) Body of the fornix, (G) Anterior septal vein

Fig. 3.11 Normal anatomy. (A) Foramen of Monro, (B) Column of the fornix, (C) Superior thalamostriate vein, (D) Superior choroidal vein, (E) 
Choroid plexus, (F) Atrium, (G) Body of the fornix, (H) Anterior septal vein

3.3 Right Lateral Ventricle: Foramen of Monro Region
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Fig. 3.12 Normal anatomy. (A) Foramen of Monro, (B) Column of the fornix, (C) Anterior caudate vein, (D) Superior thalamostriate vein, (E) 
Choroid plexus, (F) Anterior septal vein, (G) Septum pellucidum

Fig. 3.13 Normal anatomy. (A) Foramen of Monro, (B) Column of the 
fornix, (C) Anterior caudate vein, (D) Substitute superior thalamostriate 
vein [12], (E) Superior thalamostriate vein, (F) Choroid plexus, (G) 

Lateral posterior choroidal artery, (H) Thalamus, (I) Septum pellu-
cidum, (J) Anterior septal vein

3 Entering the Third Ventricle: The Lateral Ventricle
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Fig. 3.14 Normal anatomy. (A) Foramen of Monro, (B) Column of the 
fornix, (C) Substitute superior thalamostriate vein [12], (D) Superior 
thalamostriate vein, (E) Superior choroidal vein, (F) Choroid plexus, 

(G) Atrium, (H) Posterior septal vein, (I) Spontaneous fenestration in 
the septum pellucidum, (J) Normal septum pellucidum, (K) Anterior 
septal vein

Fig. 3.15 Normal anatomy. (A) Foramen of Monro, (B) Column of the fornix, (C) Anterior caudate vein, (D) Substitute superior thalamostriate 
vein [12]

3.3 Right Lateral Ventricle: Foramen of Monro Region
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Fig. 3.16 Normal anatomy. (A) Anterior septal vein, (B) Foramen of Monro, (C) Substitute superior thalamostriate vein [12], (D) Superior thala-
mostriate vein, (E) Choroid plexus

Fig. 3.17 Normal anatomy. (A) Choroid plexus, (B) Superior thalamostriate vein, (C) Anterior septal vein

3 Entering the Third Ventricle: The Lateral Ventricle
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Fig. 3.18 Normal anatomy. (A) Choroid plexus

3.4  Right Lateral Ventricle: Body

Fig. 3.19 Normal anatomy. (A) Choroid plexus, (B) Foramen of Monro, (C) Body of the caudate nucleus, (D) Superior thalamostriate vein, (E) 
Thalamus, (F) Atrium, (G) Body of the fornix

3.4 Right Lateral Ventricle: Body
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Fig. 3.20 Normal anatomy. (A) Foramen of Monro, (B) Substitute 
superior thalamostriate vein [12], (C) Anterior caudate veins, (D) Body 
of the caudate nucleus, (E) Caudate branches to superior thalamostriate 

vein, (F) Superior thalamostriate vein, (G) Thalamus, (H) Choroid 
plexus, (I) Lateral posterior choroidal artery

Fig. 3.21 Normal anatomy. (A) Body of the caudate nucleus, (B) Caudate branch to superior thalamostriate vein, (C) Superior thalamostriate vein, 
(D) Thalamus, (E) Choroid plexus

3 Entering the Third Ventricle: The Lateral Ventricle
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Fig. 3.22 Normal anatomy. (A) Choroid plexus, (B) Body of the caudate nucleus, (C) Superior thalamostriate vein

Fig. 3.23 Normal anatomy. (A) Superior thalamostriate vein, (B) Thalamus, (C) Choroid plexus, (D) Lateral posterior choroidal artery, (E) 
Atrium, (F) Septum pellucidum, (G) Posterior septal vein

3.4 Right Lateral Ventricle: Body
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Fig. 3.24 Normal anatomy. (A) Lateral posterior choroidal artery and vasa vasorum, (B) Choroid plexus, (C) Thalamus, (D) Septum pellucidum

Fig. 3.25 Normal anatomy. (A) Choroid plexus, (B) Lateral posterior choroidal artery and vasa vasorum, (C) Atrium

3 Entering the Third Ventricle: The Lateral Ventricle
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Fig. 3.26 Normal anatomy. (A) Posterior septal vein, (B) Choroid plexus, (C) Lateral posterior choroidal artery, (D) Atrium

3.4 Right Lateral Ventricle: Body
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Fig. 3.27 Abnormal anatomy – untreated chronic hydrocephalus. (A) 
Septum pellucidum, (B) Interthalamic adhesion seen through spontane-
ous fenestration at the septum pellucidum, (C) Column of the fornix, 

(D) Foramen of Monro, (E) Choroid plexus, (F) Body of the fornix, (G) 
Anterior septal vein

Fig. 3.28 Abnormal anatomy – late intraventricular hemorrhage. (A) Foramen of Monro, (B) Column of the fornix, (C) Superior thalamostriate 
vein, (D) Choroid plexus, (E) Anterior septal vein, (F) Septum pellucidum,

3.5  Right Lateral Ventricle: Foramen 
of Monro Region

3 Entering the Third Ventricle: The Lateral Ventricle
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Fig. 3.29 Abnormal anatomy – congenital membrane over the foramen of Monro. (A) Membrane over foramen of Monro

Fig. 3.30 Abnormal anatomy – postinfectious aspect of the foramen of Monro. (A) Foramen of Monro

3.5 Right Lateral Ventricle: Foramen of Monro Region
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Fig. 3.31 Abnormal anatomy – postinfectious occlusion of the foramen of Monro. (A) Occluded foramen of Monro, (B) Choroid plexus, (C) 
Anterior septal vein, (D) Septum pellucidum

Fig. 3.32 Abnormal anatomy – postinfectious occlusion of the foramen of Monro. (A) foramen of Monro occluded by the choroid plexus, (B) 
Superior thalamostriate vein, (C) Chronic inflammatory process, (D) Septum pellucidum

3 Entering the Third Ventricle: The Lateral Ventricle
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Fig. 3.33 Surgical procedure – Monro foraminoplasty in a 1-month-old baby. (A) Foramen of Monro, (B) Anterior septal vein, (C) Choroid 
plexus, (D) Superior thalamostriate vein, (E) Column of the fornix, (F) Septum pellucidum

Fig. 3.34 Surgical procedure – Monro foraminoplasty in a 1-month-old baby. (A) Fogarty balloon catheter

3.6  Left Lateral Ventricle: Foramen 
of Monro Region

3.6 Left Lateral Ventricle: Foramen of Monro Region



88

Fig. 3.35 Surgical procedure – Monro foraminoplasty in a 1-month-old baby. (A) Dilated foramen of Monro

3 Entering the Third Ventricle: The Lateral Ventricle
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Fig. 3.36 Surgical procedure –Monro foraminoplasty in an adult. (A) Foramen of Monro, (B) Anterior caudate vein, (C) Superior thalamostriate 
vein, (D) Choroid plexus, (E) Anterior septal vein, (F) Septum pellucidum

Fig. 3.37 Surgical procedure – Monro foraminoplasty in an adult. (A) Fogarty balloon catheter

3.7  Right Lateral Ventricle: Foramen 
of Monro Region

3.7 Right Lateral Ventricle: Foramen of Monro Region
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Fig. 3.38 Surgical procedure – Monro foraminoplasty in an adult. (A) Dilated foramen of Monro

3 Entering the Third Ventricle: The Lateral Ventricle
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Fig. 3.39 Surgical procedure – choroid plexus coagulation. (A) Bipolar coagulation electrode, (B) Choroid plexus, (C) Lateral posterior choroidal 
artery

Fig. 3.40 Surgical procedure – choroid plexus coagulation. (A) Bipolar coagulation of the lateral posterior choroidal artery

3.8  Right Lateral Ventricle: Body

3.8 Right Lateral Ventricle: Body
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Fig. 3.41 Surgical procedure – choroid plexus coagulation. (A) Coagulation of the choroid glomus, (B) Coagulated lateral posterior choroidal 
artery

Fig. 3.42 Surgical procedure – choroid plexus coagulation. (A) Coagulated choroid plexus, (B) Coagulated lateral posterior choroidal artery

3 Entering the Third Ventricle: The Lateral Ventricle
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Fig. 3.43 Surgical procedure – resection of intraventricular racemose neurocysticercosis. (A) Grasping forceps, (B) Septum pellucidum, (C) 
Column of the fornix, (D) Cyst of racemose neurocysticercosis, (E) Anterior septal vein

Fig. 3.44 Surgical procedure – resection of intraventricular racemose neurocysticercosis. (A) Grasping forceps, (B) Septum pellucidum, (C) 
Column of the fornix, (D) Superior thalamostriate vein, (E) Choroid plexus, (F) Anterior septal vein, (G) Cyst of racemose neurocysticercosis

3.9  Right Lateral Ventricle: Foramen 
of Monro Region

3.9 Right Lateral Ventricle: Foramen of Monro Region



94

Illustrative case 1 – fenestration of a giant infra/supratento-
rial arachnoid cyst.

Clinical data: 8-year-old child, headache.

Fig. 3.45 Coronal T2-weighted magnetic resonance imaging (MRI) 
showing an infra/supratentorial arachnoid cyst

Fig. 3.46 Sagittal T2-weighted MRI showing an infra/supratentorial 
arachnoid cyst

3 Entering the Third Ventricle: The Lateral Ventricle
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Fig. 3.48 Illustrative case 1 – fenestration of a giant infra/supratentorial arachnoid cyst. (A) Chronic intraventricular adhesion, (B) Fenestrated 
cyst, (C) Septum pellucidum

Fig. 3.47 Illustrative case 1 – fenestration of a giant infra/supratento-
rial arachnoid cyst. (A) Foramen of Monro, (B) Column of the fornix, 
(C) Superior thalamostriate vein, (D) Choroid plexus, (E) Giant arach-

noid cyst, (F) Chronic intraventricular adhesion, (G) Septum pellu-
cidum, (H) Anterior septal vein

3.9 Right Lateral Ventricle: Foramen of Monro Region



96

Fig. 3.49 Illustrative case 1 – fenestration of a giant infra/supratento-
rial arachnoid cyst. (A) Foramen of Monro, (B) Choroid plexus, (C) 
Superior thalamostriate vein, (D) Thalamus, (E) Superior choroidal 

vein, (F) Reduced arachnoid cyst, (G) Septum pellucidum, (H) Body of 
the fornix, (I) Anterior septal vein

3 Entering the Third Ventricle: The Lateral Ventricle
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Fig. 3.51 Axial T2-weighted MRI showing a colloid cyst in the third 
ventricle exactly at the midline

Fig. 3.52 Illustrative case 2 – colloid cyst. (A) Choroid plexus over colloid cyst, (B) Third ventricle, (C) Superior thalamostriate vein, (D) Tumor 
vessels, (E) Tumor wall

Fig. 3.50 Sagittal T1-weighted MRI showing a colloid cyst in the third 
ventricle

Illustrative case 2 – colloid cyst.
Clinical data: 56-year-old, headache.

3.9 Right Lateral Ventricle: Foramen of Monro Region
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Fig. 3.54 Direction of the endoscopic vision for the septum pellu-
cidum from the right lateral ventricle

Fig. 3.53 Illustrative case 2 – colloid cyst. (A) Bipolar coagulation electrode, (B) Tumor wall, (C) Choroid plexus

3 Entering the Third Ventricle: The Lateral Ventricle
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Fig. 3.55 Normal anatomy. (A) Septal veins, (B) Anterior septal vein

Fig. 3.56 Normal anatomy. (A) Septal veins

3.10  Right Lateral Ventricle: Septum 
Pellucidum

3.10 Right Lateral Ventricle: Septum Pellucidum
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Fig. 3.57 Abnormal anatomy – chronic hydrocephalus due to an intraventricular arachnoid cyst. (A) Spontaneous fenestration at the septum 
pellucidum

Fig. 3.58 Abnormal anatomy – chronic hydrocephalus due to an intraventricular arachnoid cyst. (A) Spontaneous fenestration at the septum pel-
lucidum, (B) Arachnoid cyst

3 Entering the Third Ventricle: The Lateral Ventricle
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Fig. 3.59 Abnormal anatomy – chronic hydrocephalus due to an intraventricular arachnoid cyst. (A) Spontaneous fenestration at the septum pel-
lucidum, (B) Right portion of the arachnoid cyst, (C) Left portion of the arachnoid cyst

3.10 Right Lateral Ventricle: Septum Pellucidum
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Fig. 3.61 Abnormal anatomy – chronic hydrocephalus due to an intraventricular arachnoid cyst. (A) Superior thalamostriate vein, (B) Thalamus, 
(C) Choroid plexus, (D) Left portion of the arachnoid cyst, (E) Atrium, (F) Tail of the caudate nucleus

3.11  Left Lateral Ventricle: Septum 
Pellucidum

Fig. 3.60 Abnormal anatomy – chronic hydrocephalus due to an intraventricular arachnoid cyst. (A) Thalamus, (B) Choroid plexus, (C) Superior 
choroidal vein, (D) Left portion of the arachnoid cyst, (E) Atrium

3 Entering the Third Ventricle: The Lateral Ventricle
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Fig. 3.62 Abnormal anatomy – chronic hydrocephalus due to infra/supratentorial arachnoid cyst. (A) Septum pellucidum, (B) Anterior septal vein, 
(C) Body of the fornix, (D) Spontaneous fenestration at the septum pellucidum

3.12  Right Lateral Ventricle: Septum 
Pellucidum

3.12 Right Lateral Ventricle: Septum Pellucidum



104

Fig. 3.63 Abnormal anatomy – chronic hydrocephalus due to infra/supratentorial arachnoid cyst. (A) Septum pellucidum, (B) Right lateral poste-
rior choroidal artery, (C) Left thalamus, (D) Left infratentorial portion of the cyst, (E) Left choroid plexus, (F) Left lateral posterior choroidal artery

Fig. 3.64 Surgical procedure – bilateral choroid plexus coagulation 
through spontaneously fenestrated septum pellucidum. (A) 
Spontaneously fenestrated septum pellucidum, (B) Right coagulated 

choroid plexus, (C) Right pulvinar of the thalamus, (D) Left pulvinar of 
the thalamus, (E) Left atrium, (F) Left lateral posterior choroidal artery, 
(G) Left choroid plexus

3.13  Right/Left Lateral Ventricle: Septum 
Pellucidum

3 Entering the Third Ventricle: The Lateral Ventricle
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Fig. 3.65 Surgical procedure – bilateral choroid plexus coagulation 
through spontaneously fenestrated septum pellucidum. (A) Bipolar 
coagulation electrode, (B) Spontaneously fenestrated septum pellu-

cidum, (C) Left pulvinar of the thalamus, (D) Left choroid plexus, 
(E) Left Thalamus, (F) Body of the left lateral ventricle

Fig. 3.66 Surgical procedure – bilateral choroid plexus coagulation 
through spontaneously fenestrated septum pellucidum. (A) 
Spontaneously fenestrated septum pellucidum, (B) Coagulated right 

choroid plexus, including lateral posterior choroidal artery, (C) Right 
atrium, (D) Left atrium, (E) Coagulated left choroid plexus, including 
lateral posterior choroidal artery

3.13 Right/Left Lateral Ventricle: Septum Pellucidum



106

Fig. 3.67 Gadolinium-enhanced axial T1-weighted MRI showing iso-
lated left lateral ventricle

Fig. 3.68 Coronal T2-weighted MRI showing isolated left lateral 
ventricle

3.14  Left Lateral Ventricle: Septum 
Pellucidum

Illustrative case 3 – septostomy from the left side.
Clinical data: 2-year-old child, complex hydrocephalus 

after meningitis.

3 Entering the Third Ventricle: The Lateral Ventricle
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Fig. 3.69 Illustrative case 3 – septostomy from the left side. (A) Bipolar coagulation electrode, (B) Septal vein

3.14 Left Lateral Ventricle: Septum Pellucidum
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Fig. 3.70 Illustrative case 3 – septostomy from the left side. (A) Fogarty ballon catheter dilatation

Fig. 3.71 Illustrative case 3 – septostomy from the left side. (A) Non-activated bipolar coagulation electrode opening the septum pellucidum

3 Entering the Third Ventricle: The Lateral Ventricle
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Fig. 3.72 Illustrative case 3 – septostomy from the left side. (A) Right lateral ventricle through the fenestrated septum pellucidum

Fig. 3.73 Illustrative case 3 – septostomy from the left side. (A) Body of the right caudate nucleus, (B) Caudate branches to the right superior 
thalamostriate vein, (C) Right superior thalamostriate vein, (D) Right thalamus, (E) Fenestrated septum pellucidum

3.15  Left/Right Lateral Ventricle: Septum 
Pellucidum

3.15 Left/Right Lateral Ventricle: Septum Pellucidum
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Fig. 3.74 Illustrative case 3 – septostomy from the left side. (A) Final aspect of the septostomy

Fig. 3.75 Direction of the endoscopic vision for the right frontal horn

3.16  Left Lateral Ventricle: Septum 
Pellucidum

3 Entering the Third Ventricle: The Lateral Ventricle
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Fig. 3.76 Normal anatomy. (A) Foramen of Monro, (B) Column of the fornix, (C) Septum pellucidum, (D) Frontal horn, (E) Head of the caudate 
nucleus, (F) Anterior caudate vein, (G) Substitute superior thalamostriate vein [12]

Fig. 3.77 Normal anatomy. (A) Frontal horn, (B) Genu of the corpus callosum, (C) Head of the caudate nucleus, (D) Septum pellucidum

3.17  Right Lateral Ventricle: Frontal Horn

3.17 Right Lateral Ventricle: Frontal Horn
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Fig. 3.78 Normal anatomy. (A) Foramen of Monro, (B) Column of the fornix, (C) Anterior septal vein, (D) Septum pellucidum, (E) Genu of the 
corpus callosum, (F) Frontal horn, (G) Head of the caudate nucleus

Fig. 3.79 Normal anatomy. (A) Septum pellucidum, (B) Anterior septal vein, (C) Genu of the corpus callosum, (D) Frontal horn, (E) Head of the 
caudate nucleus

3 Entering the Third Ventricle: The Lateral Ventricle
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Fig. 3.80 Direction of the endoscopic vision for the right atrium

3.18  Right Lateral Ventricle: Atrium

Fig. 3.81 Normal anatomy. (A) Septum pellucidum, (B) Posterior septal vein, (C) Superior choroidal vein, (D) Collateral eminence, (E) Calcar 
avis, (F) Bulb of the occipital horn

3.18 Right Lateral Ventricle: Atrium
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Fig. 3.83 Normal anatomy. (A) Glomus of the choroid plexus, (B) Atrium

Fig. 3.82 Normal anatomy. (A) Choroid plexus, (B) Lateral posterior choroidal artery, (C) Collateral eminence, (D) Calcar avis, (E) Bulb of the 
occipital horn, (F) Septum pellucidum

3 Entering the Third Ventricle: The Lateral Ventricle



115

Fig. 3.84 Normal anatomy. (A) Bulb of the occipital horn, (B) Collateral eminence, (C) Medial atrial vein, (D) Calcar avis

3.18 Right Lateral Ventricle: Atrium
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Fig. 3.85 Normal anatomy. (A) Choroid plexus, (B) Bulb of the occipital horn, (C) Calcar avis, (D) Collateral eminence

Fig. 3.86 Normal anatomy. (A) Cerebellar culmen, (B) Bulb of the occipital horn, (C) Collateral eminence, (D) Calcar avis

3.19  Left Lateral Ventricle: Atrium

3 Entering the Third Ventricle: The Lateral Ventricle
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Fig. 3.87 Normal anatomy. (A) Cerebellar culmen

3.19 Left Lateral Ventricle: Atrium
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Fig. 3.88 Abnormal anatomy – late post-hemorrhage aspect. (A) Calcar avis, (B) Bulb of the occipital horn, (C) Lateral posterior choroidal artery, 
(D) Choroid plexus, (E) Hemorrhage over collateral eminence

Fig. 3.89 Surgical procedure – choroid plexus coagulation. (A) Bipolar 
coagulation electrode, (B) Coagulated choroid plexus, (C) Collateral 
eminence, (D) Calcar avis, (E) Bulb of the occipital horn, (F) Medial 

atrial vein, (G) Septum pellucidum, (H) Coagulated lateral posterior 
choroidal artery

3.20  Right Lateral Ventricle: Atrium

3 Entering the Third Ventricle: The Lateral Ventricle
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Inside the Third Ventricle

4.1  Introduction

Most endoscopic ventricular procedures take place inside the 
third ventricle, which occupies a strategic area because it is 
the topographic center of the ventricular system. As a result of 
the ventricular dilatation required for endoscopic ventricular 
navigation, the third ventricle can be divided into anterior, 
middle, and posterior segments, each having several recesses 
(Fig. 4.1). During the preoperative planning it is important to 
recognize the anatomy on imaging studies, especially on sag-
ittal T2-weighted magnetic resonance imaging (MRI) (Fig. 
4.2). The gateway to the third ventricle is the foramen of 
Monro, and after the passage of the endoscope through this it 
is possible to have a panoramic view of the third ventricle 
segments (Fig. 4.3, 4.4, and 4.5). In the anterior segment the 
most important area is that between the mammillary bodies 
and the pituitary infundibulum, the tuber cinereum. This 
region is the site in which endoscopic third ventriculostomy 
(ETV) is performed [1, 2]. Before the passage of the endo-
scope through the foramen of Monro, an overview of this 
region is possible (Fig. 4.6). The interthalamic adhesion is 
generally located in the middle segment, although this seg-
ment has an extremely variable position in the third ventricle, 
and there are reports of the existence of a duplicate variant of 
this structure [3]. The posterior segment is located at the 
entrance of the cerebral aqueduct. Above this, in sequence 
from bottom to top, lie the posterior commissure, which has 
extremely variable size [4, 5, 6]; the pineal recess; and the 
suprapineal recess, which is in contact with the roof of the 
third ventricle and contains the choroid plexus. The pineal 

gland can be seen through the pineal recess. The view of such 
posterior segment structures is possible when the skull entry 
point is more anterior than the Kocher’s point; for instance, 
when aqueductoplasty is performed [7], or when the hydro-
cephalus is of large proportion, allowing a posterior orienta-
tion of the endoscope subsequently.

For the anterior segment, the endoscopic viewing angle is 
shown in Fig. 4.7, followed by images of this segment (see 
Figs. 4.8, 4.9, 4.10, 4.11, 4.12, 4.13, 4.14, 4.15, 4.16, 4.17, 
4.18, 4.19, 4.20, 4.21, 4.22, 4.23, 4.24, 4.25, 4.26, 4.27, 4.28, 
4.29, 4.30, 4.31, 4.32, 4.33, 4.34, 4.35, 4.36, 4.37, 4.38, 4.39, 
4.40, 4.41, 4.42, 4.43, 4.44, 4.45, 4.46, 4.47, 4.48, 4.49, 4.50, 
4.51, 4.52, 4.53, 4.54, 4.55, 4.56, 4.57, 4.58, 4.59, 4.60, 4.61, 
4.62, 4.63, 4.64, 4.65, 4.66, 4.67, 4.68, 4.69, 4.70, 4.71, 4.72, 
4.73, 4.74, 4.75, 4.76, 4.77, 4.78, 4.79, 4.80, 4.81, 4.82, 4.83, 
4.84, 4.85, 4.86, 4.87, 4.88, 4.89, and 4.90). For the middle 
segment, the endoscopic viewing angle is shown in Fig. 4.91, 
followed by images of this segment (see Figs. 4.92, 4.93, 
4.94, 4.95, 4.96, 4.97, 4.98, 4.99, 4.100, 4.101, 4.102, 4.103, 
4.104, 4.105, 4.106, 4.107, 4.108, 4.109, 4.110, 4.111, 4.112, 
4.113, and 4.114). For the posterior segment, the endoscopic 
viewing angle is shown in Fig. 4.115, followed by images of 
this segment (see Figs. 4.116, 4.117, 4.118, 4.119, 4.120, 
4.121, 4.122, 4.123, 4.124, 4.125, 4.126, 4.127, 4.128, 4.129, 
4.130, 4.131, 4.132, 4.133, 4.134, 4.135, 4.136, 4.137, 4.138, 
4.139, 4.140, 4.141, 4.142, 4.143, 4.144, 4.145, 4.146, 4.147, 
4.148, 4.149, 4.150, 4.151, 4.152, 4.153, 4.154, 4.155, 4.156, 
4.157, 4.158, 4.159, 4.160, 4.161, 4.162, 4.163, 4.164, 4.165, 
and 4.166).

Illustrative cases are presented.
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Recessus suprapinealis

Recessus pinealis

Commiss.post.

Sulcus hypothalamicus

Recessus postmamillaris
Corpora

mamillaria

Sulcus. praemamillaris

Recessus saccularis

Recess. infundibuli

Recess opt.

Columna fornicis (Pars tecta)

Commiss.ant.

For. of Monro

Crus cerebri

Fig. 4.1 Regions and recesses of 
the third ventricle (Reprinted 
from Seeger [1], with permission)

Fig. 4.2 Sagittal T2-weighted magnetic resonance imaging (MRI) 
depicting the structures and main recesses of the third ventricle as 
viewed in Fig. 4.1. Foramen of Monro (A), anterior commissure (B), 
optic recess (C), infundibular recess (D), cerebral aqueduct entrance 
(obstructed) (E), posterior commissure (F), pineal recess (G), pineal 
gland (H), suprapineal recess (I)
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4.2  Third Ventricle: General Vision 
of the Floor

Fig. 4.3 Normal anatomy. (A) Anterior segment, (B) middle segment, (C) posterior segment

Fig. 4.4 Normal anatomy. (A) Anterior segment, (B) middle segment, (C) posterior segment

4.2 Third Ventricle: General Vision of the Floor
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Fig. 4.5 Normal anatomy. (A) Tuber cinereum, (B) mammillary bodies, (C) middle segment, (D) cerebral aqueduct, (E) posterior commissure

4 Inside the Third Ventricle
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Columna fornicisV.septi pell.

a

c
h

d
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g

Caput nuclei caudati
Thalam

us

C
orpus fornicis

Tract.mamillothal.
(projection)

V.thalamostriata
Stria terminalis

Fig. 4.6 Vision of the anterior 
portion of the third ventricle 
through the foramen of Monro. 
Anterior commissure (a), column 
of the fornix (b), optic chiasm 
(c), infundibular recess (d), 
saccular recess (e), 
premammillary sulcus (f), left 
mammillary body (g), 
hypothalamic sulcus (h), 
thalamus (i) (Reprinted from 
Seeger [1], with permission)

Fig. 4.7 Direction of the endoscopic vision for the anterior segment of 
the third ventricle

4.2 Third Ventricle: General Vision of the Floor
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4.3  Third Ventricle: Anterior Segment

Fig. 4.8 Normal anatomy. (A) Tuber cinereum, (B) Infundibular recess, (C) Right hypothalamus, (D) Right mammillary body, (E) Premammillary 
recess, (F) Left mammillary body, (G) Left hypothalamus

Fig. 4.9 Normal anatomy. (A) Tuber cinereum, (B) Infundibular recess, (C) Right hypothalamus, (D) Right mammillary body, (E) Premammillary 
recess, (F) Left mammillary body, (G) Left hypothalamus

4 Inside the Third Ventricle
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Fig. 4.10 Normal anatomy. (A) Tuber cinereum, (B) Infundibular 
recess, (C) Right hypothalamus, (D) Right mammillary body, (E) Right 
posterior cerebral artery (P1), (F) Bifurcation of the basilar artery, (G) 

Left posterior cerebral artery (P1), (H) Left mammillary body, (I) Left 
oculomotor nerve (CN III), (J) Left hypothalamus

Fig. 4.11 Normal anatomy. (A) Tuber cinereum, (B) Right hypothalamus, (C) Right mammillary body, (D) Premammillary recess, (E) Left mam-
millary body, (F) Left hypothalamus

4.3 Third Ventricle: Anterior Segment
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Fig. 4.12 Normal anatomy. (A) Tuber cinereum, (B) Right hypothalamus, (C) Right mammillary body, (D) Thalamoperforating arteries under 
premammillary recess, (E) Postmammillary recess, (F) Left mammillary body, (G) Left hypothalamus

Fig. 4.13 Normal anatomy. (A) Tuber cinereum, (B) Premammillary recess, (C) Right mammillary body, (D) Postmammillary recess, (E) Left 
mammillary body

4 Inside the Third Ventricle
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Fig. 4.14 Normal anatomy. (A) Left posterior cerebral artery (P1), (B) Thalamoperforating artery, (C) Right mammillary body, (D) Postmammillary 
recess, (E) Left mammillary body

Fig. 4.15 Normal anatomy. (A) Left posterior cerebral artery (P1), (B) Thalamoperforating arteries, (C) Left mammillary body

4.3 Third Ventricle: Anterior Segment
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Fig. 4.16 Normal anatomy. (A) Thalamoperforating arteries under the premammillary recess, (B) Right mammillary body, (C) Left mammillary 
body

Fig. 4.17 Normal anatomy. (A) Infundibular recess, (B) Tuber cinereum, (C) Premammillary recess, (D) Right mammillary body, (E) 
Thalamoperforating arteries under the premammillary recess, (F) Left mammillary body

4 Inside the Third Ventricle
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Fig. 4.18 Normal anatomy. (A) Thalamoperforating arteries under the premammillary recess, (B) Right mammillary body

Fig. 4.19 Normal anatomy. (A) Infundibular recess, (B) Tuber cinereum, (C) Premammillary recess, (D) Right mammillary body, (E) Bifurcation 
of the basilar artery, (F) Left posterior cerebral artery (P1), (G) Left mammillary body

4.3 Third Ventricle: Anterior Segment
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Fig. 4.20 Normal anatomy. (A) Premammillary recess, (B) Bifurcation of the basilar artery, (C) Left posterior cerebral artery (P1), (D) 
Postmammillary recess, (E) Left mammillary body

Fig. 4.21 Normal anatomy. (A) Bifurcation of the basilar artery, (B) Right mammillary body, (C) Postmammillary recess, (D) Left mammillary 
body, (E) Left posterior cerebral artery (P1), (F) Premammillary recess

4 Inside the Third Ventricle
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Fig. 4.22 Normal anatomy. (A) Tuber cinereum, (B) Infundibular recess, (C) Right hypothalamus, (D) Right mammillary body, (E) Bifurcation 
of the basilar artery under premammillary recess, (F) Left mammillary body, (G) Left hypothalamus

Fig. 4.23 Normal anatomy. (A) Tuber cinereum, (B) Right hypothalamus, (C) Right mammillary body, (D) Left mammillary body, (E) Left 
hypothalamus

4.3 Third Ventricle: Anterior Segment
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Fig. 4.24 Normal anatomy. (A) Tuber cinereum, (B) Right mammillary body, (C) Thalamoperforating arteries under premammillary recess, (D) 
Left mammillary body

Fig. 4.25 Normal anatomy. (A) Tuber cinereum, (B) Bifurcation of the basilar artery, (C) Left mammillary body, (D) Left posterior cerebral artery 
(P1), (E) Left hypothalamus

4 Inside the Third Ventricle
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Fig. 4.26 Normal anatomy. (A) Tuber cinereum, (B) Right mammillary body, (C) Premammillary recess, (D) Left mammillary body, (E) Left 
hypothalamus, (F) Optic chiasm, (G) Infundibular recess, (H) Right hypothalamus

Fig. 4.27 Normal anatomy. (A) Tuber cinereum, (B) Bifurcation of the basilar artery under premammillary recess, (C) Left oculomotor nerve (CN 
III), (D) Left mammillary body, (E) Left hypothalamus, (F) Left optic tract, (G) Anterior commissure, (H) Optic chiasm, (I) Infundibular recess

4.3 Third Ventricle: Anterior Segment
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Fig. 4.28 Normal anatomy. (A) Optic chiasm, (B) Infundibular recess, (C) Tuber cinereum

Fig. 4.29 Normal anatomy. (A) Lamina terminalis, (B) Optic chiasm, (C) Infundibular recess, (D) Left optic tract

4 Inside the Third Ventricle
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Fig. 4.30 Normal anatomy. (A) Lamina terminalis, (B) Optic chiasm, (C) Infundibular recess, (D) Left optic tract

Fig. 4.31 Normal anatomy. (A) Lamina terminalis, (B) Optic chiasm

4.3 Third Ventricle: Anterior Segment
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Fig. 4.32 Normal anatomy. (A) Lamina terminalis, (B) Optic chiasm

Fig. 4.33 Normal anatomy. (A) Anterior commissure, (B) Lamina terminalis, (C) Optic chiasm, (D) Infundibular recess, (E) Left optic tract

4 Inside the Third Ventricle
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Fig. 4.34 Normal anatomy. (A) Anterior commissure, (B) Lamina terminalis, (C) Optic chiasm, (D) Infundibular recess

Fig. 4.35 Abnormal anatomy – chronic hydrocephalus in an adult. (A) Spontaneous opening at the lamina terminalis, (B) Optic chiasm, (C) 
Infundibular recess

4.3 Third Ventricle: Anterior Segment
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Fig. 4.36 Abnormal anatomy – chronic hydrocephalus in an adult. (A) Spontaneously fenestrated lamina terminalis, (B) Optic chiasm, (C) Left 
optic nerve (CN II), (D) Superior portion of the left optic foramen, (E) Frontal skull base

Fig. 4.37 Normal anatomy. (A) Pituitary gland, (B) Dorsum sellae, (C) 
Right mammillary body, (D) Right posterior cerebral artery (P1), (E) 
Thalamoperforating artery, (F) Bifurcation of the basilar artery, (G) 

Left posterior cerebral artery (P1), (H) Left superior cerebellar artery, 
(I) Left mammillary body, (J) Left hypothalamus

4 Inside the Third Ventricle
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Fig. 4.38 Normal anatomy. (A) Pituitary stalk, (B) Pituitary gland, (C) Dorsum sellae, (D) Right hypothalamus, (E) Tuber cinereum, (F) Left 
hypothalamus

Fig. 4.39 Surgical procedure – third ventriculostomy. (A) Bipolar coagulation electrode over premammillary recess, (B) Tuber cinereum, (C) 
Right mammillary body, (D) Left mammillary body

4.3 Third Ventricle: Anterior Segment
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Fig. 4.40 Surgical procedure – third ventriculostomy. (A) Bipolar 
coagulation electrode, (B) Tuber cinereum, (C) Bifurcation of the basi-
lar artery, (D) Right posterior cerebral artery (P1), (E) Right mammil-

lary body, (F) Left mammillary body, (G) Left posterior cerebral artery 
(P1), (H) Left oculomotor nerve (CN III)

Fig. 4.41 Surgical procedure – third ventriculostomy. (A) Bipolar coagulation electrode, (B) Membrane of Liliequist, (C) Coagulated tuber cine-
reum, (D) Tuber cinereum

4 Inside the Third Ventricle
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Fig. 4.42 Surgical procedure – third ventriculostomy. (A) Fenestration 
at tuber cinereum after coagulation, (B) Right posterior cerebral artery 
(P1), (C) Right mammillary body, (D) Bifurcation of the basilar artery, 

(E) Left posterior cerebral artery (P1), (F) Left mammillary body, (G) 
Left oculomotor nerve (CN III)

Fig. 4.43 Surgical procedure – third ventriculostomy. (A) Fenestration 
at the tuber cinereum and the membrane of Liliequist after coagulation, 
(B) Infundibular recess, (C) Right hypothalamus, (D) Right mammil-

lary body, (E) Bifurcation of the basilar artery under premammillary 
recess, (F) Left mammillary body, (G) Left oculomotor nerve (CN III), 
(H) Left hypothalamus

4.3 Third Ventricle: Anterior Segment
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Fig. 4.44 Surgical procedure – third ventriculostomy. (A) Fogarty bal-
loon catheter dilatation, (B) Right posterior cerebral artery (P1), (C) 
Right mammillary body, (D) Bifurcation of the basilar artery under pre-

mammillary recess, (E) Left posterior cerebral artery (P1), (F) Left 
mammillary body, (G) Left oculomotor nerve (CN III), (H) Left 
hypothalamus

Fig. 4.45 Surgical procedure – third ventriculostomy. (A) Fogarty balloon catheter dilatation, (B) Right mammillary body, (C) Bifurcation of the 
basilar artery under premammillary recess, (D) Left mammillary body

4 Inside the Third Ventricle
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Fig. 4.46 Surgical procedure – third ventriculostomy. (A) Fogarty balloon catheter dilatation, (B) Dorsum sellae, (C) Pontine branches of the basi-
lar artery, (D) Basilar artery

Fig. 4.47 Surgical procedure – third ventriculostomy. (A) Fogarty balloon catheter, (B) Ventriculostomy

4.3 Third Ventricle: Anterior Segment
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Fig. 4.48 Surgical procedure – third ventriculostomy. (A) Coagulated tuber cinereum, (B) Infundibular recess, (C) Optic chiasm, (D) Right hypo-
thalamus, (E) Right mammillary body, (F) Left mammillary body, (G) Left hypothalamus

Fig. 4.49 Surgical procedure – third ventriculostomy. (A) Fogarty balloon catheter, (B) Right hypothalamus, (C) Right mammillary body, (D) Left 
mammillary body, (E) Infundibular recess

4 Inside the Third Ventricle
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Fig. 4.50 Surgical procedure – third ventriculostomy. (A) Ventriculostomy, (B) Right hypothalamus, (C) Right mammillary body, (D) Left mam-
millary body, (E) Left hypothalamus

Fig. 4.51 Surgical procedure – third ventriculostomy. (A) Ventriculostomy, (B) Infundibular recess, (C) Right hypothalamus, (D) Right mammil-
lary body, (E) Basilar artery under premammillary recess, (F) Left mammillary body, (G) Left hypothalamus

4.3 Third Ventricle: Anterior Segment
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Fig. 4.52 Surgical procedure – third ventriculostomy. (A) Biopsy forceps dilatation, (B) Tuber cinereum

Fig. 4.53 Surgical procedure – third ventriculostomy. (A) Bipolar coagulation electrode, (B) Right hypothalamus, (C) Right mammillary body, 
(D) Basilar artery under premammillary recess, (E) Left mammillary body, (F) Left hypothalamus

4 Inside the Third Ventricle
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Fig. 4.54 Surgical procedure – third ventriculostomy. (A) 
Ventriculostomy, (B) Right mammillary body, (C) Basilar artery under 
premammillary recess, (D) Right posterior cerebral artery (P1), (E) Left 

posterior cerebral artery (P1), (F) Pons under thinner portion of the 
premammillary recess, (G) Left mammillary body

Fig. 4.55 Surgical procedure – third ventriculostomy. (A) Optic chiasm, (B) Infundibular recess, (C) Fenestrated membrane of Liliequist, (D) 
Interpeduncular cistern, (E) Coagulated tuber cinereum

4.3 Third Ventricle: Anterior Segment
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Fig. 4.56 Surgical procedure – third ventriculostomy. (A) Grasping forceps, (B) Premammillary recess, (C) Right mammillary body, (D) Basilar 
artery, (E) Pons under thinner portion of the premammillary recess

Fig. 4.57 Surgical procedure – third ventriculostomy. (A) Grasping forceps, (B) Tuber cinereum, (C) Right hypothalamus, (D) Right mammillary 
body, (E) Left mammillary body, (F) Left hypothalamus

4 Inside the Third Ventricle



151

Fig. 4.58 Surgical procedure – third ventriculostomy. (A) Grasping forceps, (B) Right mammillary body, (C) Left mammillary body, (D) Left 
hypothalamus

Fig. 4.59 Surgical procedure – third ventriculostomy. (A) Infundibular recess, (B) Membrane of Liliequist, (C) Right mammillary body, (D) Left 
mammillary body

4.3 Third Ventricle: Anterior Segment
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Fig. 4.60 Surgical procedure – third ventriculostomy. (A) Fogarty balloon catheter dilatation, (B) Right hypothalamus, (C) Right mammillary 
body, (D) Left mammillary body, (E) Left hypothalamus

Fig. 4.61 Surgical procedure – third ventriculostomy. (A) Bipolar coagulation electrode, (B) Right hypothalamus, (C) Right mammillary body, 
(D) Basilar artery under premammillary recess, (E) Left mammillary body, (F) Left hypothalamus

4 Inside the Third Ventricle
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Fig. 4.62 Surgical procedure – third ventriculostomy. (A) Optic chiasm, (B) Dorsum sellae, (C) Membrane of Liliequist, (D) Right hypothalamus, 
(E) Right mammillary body, (F) Basilar artery under premammillary recess, (G) Left mammillary body, (H) Left hypothalamus

Fig. 4.63 Surgical procedure – third ventriculostomy. (A) Fenestration 
of the membrane of Liliequist by biopsy forceps, (B) Right hypothala-
mus, (C) Right mammillary body, (D) Premammillary recess, (E) 

Postmammillary recess, (F) Left mammillary body, (G) Left hypothala-
mus, (H) Optic chiasm, (I) Lamina terminalis

4.3 Third Ventricle: Anterior Segment
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Fig. 4.64 Surgical procedure – third ventriculostomy. (A) Optic chi-
asm, (B) Infundibular recess, (C) Dorsum sellae, (D) Interpeduncular 
cistern, (E) Basilar artery under premammillary membrane, (F) Left 

mammillary body, (G) Left hypothalamus, (H) Left optic tract, (I) 
Lamina terminalis

Fig. 4.65 Surgical procedure – third ventriculostomy. (A) Fogarty balloon catheter, (B) Right hypothalamus, (C) Right mammillary body, (D) Left 
mammillary body, (E) Left hypothalamus, (F) Left optic tract, (G) Optic chiasm

4 Inside the Third Ventricle
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Fig. 4.66 Surgical procedure – third ventriculostomy. (A) Optic chiasm, (B) Infundibular recess, (C) Pituitary gland, (D) Dorsum sellae, (E) 
Interpeduncular cistern

Fig. 4.67 Surgical procedure – third ventriculostomy. (A) Tuber cinereum, (B) Bifurcation of the basilar artery, (C) Right posterior cerebral artery 
(P1), (D) Right mammillary body, (E) Thalamoperforating arteries, (F) Postmammillary recess, (G) Left mammillary body

4.3 Third Ventricle: Anterior Segment
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Fig. 4.68 Surgical procedure – third ventriculostomy. (A) Bipolar coagulation electrode, (B) Right mammillary body, (C) Thalamoperforating 
arteries

Fig. 4.69 Surgical procedure – third ventriculostomy. (A) Grasping forceps, (B) Right mammillary body, (C) Postmammillary recess, (D) 
Thalamoperforating arteries

4 Inside the Third Ventricle
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Fig. 4.70 Surgical procedure – third ventriculostomy. (A) Dilatation with grasping forceps, (B) Right mammillary body, (C) Postmammillary 
recess, (D) Thalamoperforating arteries

Fig. 4.71 Surgical procedure – third ventriculostomy. (A) Thalamoperforating arteries under membrane of Liliequist, (B) Right mammillary body, 
(C) Premammillary recess

4.3 Third Ventricle: Anterior Segment
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Fig. 4.72 Surgical procedure – third ventriculostomy. (A) Right posterior cerebral artery (P1), (B) Membrane of Liliequist, (C) Pons under mem-
brane of Liliequist, (D) Thalamoperforating artery

Fig. 4.73  Surgical procedure – third ventriculostomy. (A) Right posterior cerebral artery (P1), (B) Membrane of Liliequist, (C) Tuber cinereum, 
(D) Thalamoperforating artery

4 Inside the Third Ventricle
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Fig. 4.74 Surgical procedure – third ventriculostomy. (A) Optic chiasm, (B) Infundibular recess, (C) Tuber cinereum, (D) Right hypothalamus, 
(E) Right mammillary body under clots, (F) Postmammillary recess, (G) Left mammillary body under clots, (H) Left hypothalamus

Fig. 4.75 Surgical procedure – third ventriculostomy. (A) Infundibular recess, (B) Coagulated tuber cinereum, (C) Right hypothalamus, (D) Right 
mammillary body under clots, (E) Postmammillary recess, (F) Left mammillary body under clots, (G) Left hypothalamus

4.3 Third Ventricle: Anterior Segment
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Fig. 4.76 Surgical procedure – third ventriculostomy. (A) Grasping forceps, (B) Tuber cinereum, (C) Right mammillary body under clots, (D) 
Postmammillary recess, (E) Left mammillary body under clots, (F) Left hypothalamus

Fig. 4.77 Surgical procedure – third ventriculostomy. (A) Coagulated tuber cinereum, (B) Membrane of Liliequist, (C) Bifurcation of the basilar 
artery

4 Inside the Third Ventricle
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Fig. 4.78 Surgical procedure – aborted third ventriculostomy due to distorted anatomy. (A) Tuber cinereum

Fig. 4.79 Surgical procedure – aborted third ventriculostomy due to distorted anatomy. (A) Infundibular recess, (B) Tuber cinereum, (C) Right 
hypothalamus, (D) Adhesion between mammillary bodies, (E) Postmammillary recess, (F) Left hypothalamus

4.3 Third Ventricle: Anterior Segment
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Fig. 4.80 Illustrative case 1– third ventriculostomy in a patient with 
reduced distance between basilar artery and clivus (MRIs of this case 
are shown in Figs. 4.148 and 4.149). (A) Dorsum sellae, (B) Tuber cine-
reum, (C) Basilar artery, (D) Right pontine branch of the basilar artery, 

(E) Right superior cerebellar artery, (F) Right posterior cerebral artery 
(P1), (G) Left posterior cerebral artery (P1), (H) Left superior cerebel-
lar artery, (I) Left pontine branch of the basilar artery, (J) Left oculomo-
tor nerve (CN III)

Fig. 4.81 Illustrative case 1 – third ventriculostomy in a patient with 
reduced distance between basilar artery and clivus (MRIs of this case 
are shown in Figs. 4.148 and 4.149). (A) Pituitary gland, (B) Dorsum 

sellae, (C) Tuber cinereum, (D) Basilar artery, (E) Left oculomotor 
nerve (CN III)

4 Inside the Third Ventricle
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Fig. 4.82 Illustrative case 1 – third ventriculostomy in a patient with 
reduced distance between basilar artery and clivus (MRIs of this case 
are shown in Figs. 4.148 and 4.149). (A) Dorsum sellae, (B) Tuber cine-

reum, (C) Basilar artery, (D) Left posterior cerebral artery (P1), (E) Left 
superior cerebellar artery, (F) Left pontine branch of the basilar artery, 
(G) Left oculomotor nerve (CN III)

Fig. 4.83 Illustrative case 1 – third ventriculostomy in a patient with 
reduced distance between basilar artery and clivus (MRIs of this case 
are shown in Figs. 4.148 and 4.149). (A) Bipolar coagulation electrode, 

(B) Basilar artery, (C) Left pontine branch of the basilar artery, (D) Left 
oculomotor nerve (CN III)

4.3 Third Ventricle: Anterior Segment
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Fig. 4.84 Illustrative case 1 – third ventriculostomy in a patient with reduced distance between basilar artery and clivus (MRIs of this case are 
shown in Figs. 4.148 and 4.149). (A) Fogarty balloon catheter

Fig. 4.85 Illustrative case 1 – third ventriculostomy in a patient with reduced distance between basilar artery and clivus (MRIs of this case are 
shown in Figs. 4.148 and 4.149). (A) Dorsum sellae, (B) Ventriculostomy

4 Inside the Third Ventricle
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Fig. 4.86 Illustrative case 2 – removal of racemose cysts of neurocys-
ticercosis by third ventriculostomy (MRIs of this case are shown in 
Figs. 5.37 and 5.38 in chapter 5). (A) Bipolar coagulation electrode over 

the tuber cinereum, (B) Premammillary recess, (C) Right hypothala-
mus, (D) Right mammillary body, (E) Left mammillary body, (F) Left 
hypothalamus

Fig. 4.87 Illustrative case 2 – removal of racemose cysts of neurocys-
ticercosis by third ventriculostomy (MRIs of this case are shown in 
Figs. 5.37 and 5.38 in Chap. 5). (A) Bipolar coagulation of the tuber 

cinereum, (B) Right hypothalamus, (C) Right mammillary body, (D) 
Left mammillary body, (E) Left hypothalamus

4.3 Third Ventricle: Anterior Segment

http://dx.doi.org/10.1007/978-3-319-50068-3_5#Fig37
http://dx.doi.org/10.1007/978-3-319-50068-3_5#Fig38
http://dx.doi.org/10.1007/978-3-319-50068-3_5
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Fig. 4.88 Illustrative case 2 – removal of racemose cysts of neurocys-
ticercosis by third ventriculostomy (MRIs of this case are shown in 
Figs. 5.37 and 5.38 in Chap. 5). (A) Racemose cyst, (B) Right hypo-

thalamus, (C) Right mammillary body, (D) Left mammillary body, (E) 
Left hypothalamus

Fig. 4.89 Illustrative case 2 – removal of racemose cysts of neurocys-
ticercosis by third ventriculostomy (MRIs of this case are shown in 
Figs. 5.37 and 5.38 in Chap. 5). (A) Biopsy forceps, (B) Racemose cyst, 

(C) Right hypothalamus, (D) Right mammillary body, (E) Left mam-
millary body, (F) Left hypothalamus

4 Inside the Third Ventricle

http://dx.doi.org/10.1007/978-3-319-50068-3_5#Fig37
http://dx.doi.org/10.1007/978-3-319-50068-3_5#Fig38
http://dx.doi.org/10.1007/978-3-319-50068-3_5
http://dx.doi.org/10.1007/978-3-319-50068-3_5#Fig37
http://dx.doi.org/10.1007/978-3-319-50068-3_5#Fig38
http://dx.doi.org/10.1007/978-3-319-50068-3_5
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Fig. 4.90 Illustrative case 2 – removal of racemose cysts of neurocys-
ticercosis by third ventriculostomy (MRIs of this case are shown in 
Figs. 5.37 and 5.38 in Chap. 5). (A) Biopsy forceps, (B) Racemose cyst, 

(C) Right hypothalamus, (D) Right mammillary body, (E) 
Postmammillary recess, (F) Left mammillary body

4.3 Third Ventricle: Anterior Segment

http://dx.doi.org/10.1007/978-3-319-50068-3_5#Fig37
http://dx.doi.org/10.1007/978-3-319-50068-3_5#Fig38
http://dx.doi.org/10.1007/978-3-319-50068-3_5
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4.4  Third Ventricle: Middle Segment

Fig. 4.92 Normal anatomy. (A) Postmammillary recess, (B) Interthalamic adhesion, (C) Cerebral aqueduct entrance

Fig. 4.91 Direction of the endoscopic vision for the middle segment of 
the third ventricle

4 Inside the Third Ventricle
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Fig. 4.93 Normal anatomy. (A) Postmammillary recess, (B) Interthalamic adhesion, (C) Cerebral aqueduct entrance, (D) Posterior commissure

Fig. 4.94 Normal anatomy. (A) Left mammillary body, (B) Premammillary recess, (C) Postmammillary recess, (D) Interthalamic adhesion

4.4 Third Ventricle: Middle Segment



170

Fig. 4.95 Normal anatomy. (A) Interthalamic adhesion, (B) Choroid plexus at the right foramen of Monro

Fig. 4.96 Normal anatomy. (A) Postmammillary recess, (B) Interthalamic adhesion

4 Inside the Third Ventricle
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Fig. 4.97 Normal anatomy. (A) Choroid plexus at the left foramen of Monro, (B) Interthalamic adhesion

Fig. 4.98 Normal anatomy. (A) Interthalamic adhesion

4.4 Third Ventricle: Middle Segment
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Fig. 4.99 Normal anatomy. (A) Postmammillary recess, (B) Right thalamus, (C) Right superior thalamostriate vein, (D) Interthalamic adhesion, 
(E) Choroid plexus at the right foramen of Monro, (F) Left thalamus, (G) Cerebral aqueduct entrance

Fig. 4.100 Normal anatomy. (A) Lamina terminalis, (B) Optic chiasm, (C) Interthalamic adhesion, (D) Tuber cinereum, (E) Right mammillary 
body, (F) Postmammillary recess, (G) Left mammillary body, (H) Left hypothalamus, (I) Left thalamus

4 Inside the Third Ventricle
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Fig. 4.101 Abnormal anatomy. (A) Premammillary recess, (B) Right mammillary body, (C) Postmammillary recess, (D) Interthalamic adhesion, 
(E) Colloid cyst, (F) Left thalamus, (G) Left mammillary body

4.4 Third Ventricle: Middle Segment
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Illustrative case 3 – endoscopic biopsy of a right thalamic 
tumor after ETV.

Clinical data: 7-year-old child; headache, ocular 
deviation.

Fig. 4.102 Three-dimensional (3D) computed tomography (CT) scan 
showing right thalamic tumor and hydrocephalus

Fig. 4.103 CT scan showing preoperative planning for endoscopic 
biopsy after ETV

4 Inside the Third Ventricle
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Fig. 4.104 Illustrative case 3 – endoscopic biopsy of a right thalamic tumor after ETV. (A) Ventriculostomy, (B) Right mammillary body, (C) 
Tumor, (D) Postmammillary recess, (E) Left mammillary body

Fig. 4.105 Illustrative case3 – endoscopic biopsy of a right thalamic tumor after ETV. (A) Tumor

4.4 Third Ventricle: Middle Segment
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Fig. 4.106 Illustrative case 3 – endoscopic biopsy of a right thalamic tumor after ETV. (A) Bipolar coagulation electrode, (B) Tumor

Fig. 4.107 Illustrative case 3 – endoscopic biopsy of a right thalamic tumor after ETV. (A) Biopsy forceps, (B) Tumor

4 Inside the Third Ventricle
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Fig. 4.108 Illustrative case 3 – endoscopic biopsy of a right thalamic tumor after ETV. (A) Final aspect of the tumor after biopsy

4.4 Third Ventricle: Middle Segment
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Illustrative case 4 – endoscopic biopsy of an intrinsic brain-
stem tumor after ETV.

Clinical data: 1-year-old child; ocular deviation.

Fig. 4.109 Gadolinium-enhanced coronal T1-weighted MRI showing 
an intrinsic brainstem tumor close to the third ventricle floor, and 
hydrocephalus

Fig. 4.110 Axial flair MRI showing a typical aspect of an intrinsic 
brainstem tumor and hydrocephalus

4 Inside the Third Ventricle
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Fig. 4.111 Illustrative case 4 – endoscopic biopsy of an intrinsic brainstem tumor after ETV. (A) Bipolar coagulation electrode, (B) Third ventricle 
floor

Fig. 4.112 Illustrative case 4 – endoscopic biopsy of an intrinsic brainstem tumor after ETV. (A) Biopsy forceps, (B) Tumor, (C) Third ventricle 
floor

4.4 Third Ventricle: Middle Segment
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Fig. 4.113 Illustrative case 4 – endoscopic biopsy of an intrinsic brainstem tumor after ETV. (A) Tumor, (B) Third ventricle floor

Fig. 4.114 Illustrative case 4 – endoscopic biopsy of an intrinsic brainstem tumor after ETV. (A) Final aspect of the tumor after biopsy

4 Inside the Third Ventricle
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Fig. 4.115 Direction of the endoscopic vision for the posterior seg-
ment of the third ventricle

4.5  Third Ventricle: Posterior Segment

Fig. 4.116 Normal anatomy. (A) Interthalamic adhesion, (B) Right thalamus, (C) Cerebral aqueduct entrance, (D) Posterior commissure, (E) Roof 
of the third ventricle, (F) Left thalamus

4.5 Third Ventricle: Posterior Segment



182

Fig. 4.118 Normal anatomy. (A) Postmammillary recess, (B) Right thalamus, (C) Cerebral aqueduct entrance, (D) Posterior commissure, (E) Left 
thalamus

Fig. 4.117 Normal anatomy. (A) Postmammillary recess, (B) Right thalamus, (C) Cerebral aqueduct entrance, (D) Posterior commissure, (E) 
Pineal recess, (F) Left thalamus

4 Inside the Third Ventricle
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Fig. 4.119 Normal anatomy. (A) Right thalamus, (B) Clot at the cerebral aqueduct entrance, (C) Left thalamus

Fig. 4.120 Normal anatomy. (A) Right thalamus, (B) Cerebral aqueduct entrance, (C) Posterior commissure, (D) Pineal recess, (E) Left 
thalamus

4.5 Third Ventricle: Posterior Segment
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Fig. 4.122 Normal anatomy. (A) Cerebral aqueduct entrance, (B) Clots, (C) Posterior commissure

Fig. 4.121 Normal anatomy. (A) Cerebral aqueduct entrance, (B) Posterior commissure

4 Inside the Third Ventricle
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Fig. 4.123 Normal anatomy. (A) Cerebral aqueduct entrance, (B) Posterior commissure

Fig. 4.124 Normal anatomy. (A) Cerebral aqueduct entrance, (B) Posterior commissure

4.5 Third Ventricle: Posterior Segment
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Fig. 4.126 Normal anatomy. (A) Cerebral aqueduct entrance, (B) Right thalamus, (C) Posterior commissure, (D) Pineal recess, (E) Habenular 
commissure, (F) Left thalamus

Fig. 4.125 Normal anatomy. (A) Cerebral aqueduct entrance, (B) Posterior commissure, (C) Pineal recess

4 Inside the Third Ventricle
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Fig. 4.127 Normal anatomy. (A) Cerebral aqueduct entrance, (B) Posterior commissure, (C) Pineal recess and pineal gland, (D) Habenular com-
missure, (E) Suprapineal recess, (F) Habenular trigone, (G) Left thalamus

Fig. 4.128 Normal anatomy. (A) Cerebral aqueduct entrance, (B) Posterior commissure, (C) Pineal recess and pineal gland, (D) Right habenular 
trigone, (E) Suprapineal recess, (F) Habenular commissure, (G) Left habenular trigone

4.5 Third Ventricle: Posterior Segment
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Fig. 4.130 Normal anatomy. (A) Pineal recess and pineal gland, (B) Right pineal stalk, (C) Habenular commissure, (D) Suprapineal recess, (E) 
Left habenular trigone, (F) Left pineal stalk

Fig. 4.129 Normal anatomy. (A) Cerebral aqueduct entrance, (B) Posterior commissure, (C) Pineal recess and pineal gland, (D) Roof of the third 
ventricle, (E) Choroid plexus, (F) Habenular commissure, (G) Left habenular trigone

4 Inside the Third Ventricle
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Fig. 4.131 Normal anatomy. (A) Cerebral aqueduct entrance, (B) Posterior commissure, (C) Pineal recess and pineal gland

Fig. 4.132 Normal anatomy. (A) Posterior commissure, (B) Pineal recess and pineal gland, (C) Habenular commissure

4.5 Third Ventricle: Posterior Segment
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Fig. 4.134 Normal anatomy. (A) Posterior commissure, (B) Pineal recess and pineal gland, (C) Habenular commissure, (D) Suprapineal recess, 
(E) Choroid plexus, (F) Left habenular trigone

Fig. 4.133 Normal anatomy. (A) Posterior commissure, (B) Pineal recess and pineal gland, (C) Habenular commissure, (D) Right habenular tri-
gone, (E) Suprapineal recess, (F) Left habenular trigone

4 Inside the Third Ventricle
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Fig. 4.135 Normal anatomy. (A) Cerebral aqueduct entrance, (B) 
Posterior commissure, (C) Pineal recess and pineal gland, (D) Right 
habenular trigone, (E) Habenular commissure, (F) Left habenular tri-

gone, (G) Suprapineal recess, (H) Venous drainage to great cerebral 
vein, (I) Choroid plexus of the roof of the third ventricle

Fig. 4.136 Normal anatomy. (A) Posterior commissure, (B) Pineal recess and pineal gland, (C) Habenular commissure, (D) Suprapineal recess, 
(E) Venous drainage to great cerebral vein, (F) Choroid plexus of the roof of the third ventricle, (G) Left habenular trigone

4.5 Third Ventricle: Posterior Segment
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Fig. 4.138 Abnormal anatomy. (A) Cerebral aqueduct entrance obstructed by a tumor

Fig. 4.137 Normal anatomy. (A) Cerebral aqueduct entrance, (B) 
Posterior commissure, (C) Pineal recess and pineal gland, (D) Habenular 
commissure, (E) Right habenular trigone, (F) Superior thalamostriate 

vein, (G) Choroid plexus at the foramen of Monro, (H) Choroid plexus 
at the roof of the third ventricle, (I) Left habenular trigone

4 Inside the Third Ventricle
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Fig. 4.139 Abormal anatomy. (A) Cerebral aqueduct entrance obstructed by a tumor, (B) Posterior commissure

Fig. 4.140 Abormal anatomy. (A) Cerebral aqueduct entrance obstructed by a tumor, (B) Posterior commissure, (C) Pineal recess

4.5 Third Ventricle: Posterior Segment
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Fig. 4.142 Surgical procedure – removal of cerebral aqueduct obstruction. (A) Removal of the clot with grasping forceps, (B) Cerebral aqueduct 
entrance obstructed by a clot, (C) Posterior commissure

Fig. 4.141 Surgical procedure – removal of cerebral aqueduct obstruction. (A) Cerebral aqueduct entrance obstructed by a clot, (B) Posterior 
commissure

4 Inside the Third Ventricle
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Fig. 4.143 Surgical procedure – removal of cerebral aqueduct obstruction. (A) Unobstructed cerebral aqueduct, (B) Posterior commissure

Fig. 4.144 Surgical procedure – aqueductoplasty without Fogarty balloon catheter insufflation. (A) Cerebral aqueduct entrance obstructed by an 
adhesion, (B) Posterior commissure

4.5 Third Ventricle: Posterior Segment
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Fig. 4.146 Surgical procedure – aqueductoplasty without Fogarty balloon catheter insufflation. (A) Fogarty balloon catheter, (B) Posterior 
commissure

Fig. 4.145 Surgical procedure – aqueductoplasty without Fogarty balloon catheter insufflation. (A) Fogarty balloon catheter, (B) Posterior 
commissure

4 Inside the Third Ventricle
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Fig. 4.147 Surgical procedure – aqueductoplasty without Fogarty balloon catheter insufflation. (A) Fogarty balloon catheter

4.5 Third Ventricle: Posterior Segment
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Illustrative case 5 – aqueductoplasty with Fogarty balloon 
catheter insufflation after ETV.

Clinical data: 1-year-old child, downward ocular 
deviation.

Fig. 4.148 Sagittal T2-weighted MRI showing cerebral aqueduct 
obstruction and hydrocephalus in a Dandy-Walker complex case

Fig. 4.149 Coronal T2-weighted MRI showing hydrocephalus

4 Inside the Third Ventricle



199

Fig. 4.150 Illustrative case 5 – aqueductoplasty with Fogarty balloon catheter insufflation after ETV. (A) Cerebral aqueduct entrance obstructed 
by an adhesion, (B) Posterior commissure

Fig. 4.151 Illustrative case 5 – aqueductoplasty with Fogarty balloon catheter insufflation after ETV. (A) Fenestration by Fogarty balloon catheter, 
(B) Cerebral aqueduct entrance fenestration

4.5 Third Ventricle: Posterior Segment
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Fig. 4.152 Illustrative case 5 – aqueductoplasty with Fogarty balloon catheter insufflation after ETV. (A) Fogarty balloon catheter

Fig. 4.153 Illustrative case 5 – aqueductoplasty with Fogarty balloon catheter insufflation after ETV. (A) Insufflated Fogarty balloon catheter

4 Inside the Third Ventricle
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Fig. 4.154 Illustrative case 5 – aqueductoplasty with Fogarty balloon catheter insufflation after ETV. (A) De-insufflated Fogarty balloon catheter, 
(B) Fenestrated cerebral aqueduct entrance

Fig. 4.155 Illustrative case 5 – aqueductoplasty with Fogarty balloon catheter insufflation after ETV. (A) Final aspect of the cerebral aqueduct 
entrance

4.5 Third Ventricle: Posterior Segment
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Fig. 4.156 Gadolinium-enhanced sagittal T1-weighted MRI showing 
a tumor in the pineal region

Fig. 4.157 Coronal T2-weighted MRI showing a tumor in the pineal 
region

Illustrative case 6 – tumor biopsy after ETV.
Clinical data: 54-year-old; headache.

4 Inside the Third Ventricle
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Fig. 4.158 Illustrative case 6 – tumor biopsy after ETV. (A) Cerebral aqueduct entrance obstructed by a tumor

Fig. 4.159 Illustrative case 6 – tumor biopsy after ETV. (A) Bipolar coagulation electrode, (B) Tumor wall

4.5 Third Ventricle: Posterior Segment
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Fig. 4.160 Illustrative case 6 – tumor biopsy after ETV. (A) Biopsy forceps, (B) Tumor
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Fig. 4.161 Axial T2-weighted MRI showing a huge posterior fossa 
arachnoid cyst

Fig. 4.162 Sagittal T2-weighted MRI showing a huge posterior fossa 
arachnoid cyst with supratentorial extension and hydrocephalus

Illustrative case 7 – fenestration of a giant posterior fossa 
arachnoid cyst.

Clinical data: 2-year-old child; headache, increased head 
circumference.

4.5 Third Ventricle: Posterior Segment
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Fig. 4.163 Illustrative case 7 – fenestration of a giant posterior fossa arachnoid cyst. (A) Interthalamic adhesion, (B) Cerebral aqueduct entrance, 
(C) Cyst wall, (D) Posterior commissure

Fig. 4.164 Illustrative case 7 – fenestration of a giant posterior fossa arachnoid cyst. (A) Posterior commissure, (B) Cyst wall, (C) Habenular 
commissure, (D) Suprapineal recess, (E) Left habenular trigone

4 Inside the Third Ventricle
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Fig. 4.166 Illustrative case 7 – fenestration of a giant posterior fossa arachnoid cyst. (A) View of the cerebellum after fenestration

Fig. 4.165 Illustrative case 7 – fenestration of a giant posterior fossa arachnoid cyst. (A) Bipolar coagulation electrode, (B) Cyst wall, (C) Habenular 
commissure, (D) Left habenular trigone

4.5 Third Ventricle: Posterior Segment
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Beyond the Third Ventricle: Inside 
the Interpeduncular and Prepontine 
Cisterns

5.1  Introduction

The subarachnoid space below the third ventricle is reached 
after opening the` ependymal layer just ahead of the mam-
millary bodies (tuber cinereum) when an endoscopic third 
ventriculostomy (ETV) is performed [1]. The structure in 
this region that divides the space into individual cisterns is 
the membrane of Liliequist [2, 3]. This membrane presents 
a sellar portion, which is inserted in the dorsum sellae, and 
this sellar portion is subdivided into a posterior projection, 
a diencephalic portion, and a mesencephalic portion. The 
diencephalic portion is in close contact with the ependymal 
layer and extends to the mammillary bodies, and the mes-
encephalic portion has a posterior inferior projection, sur-
rounding the mesencephalon [4, 5, 6]. The membrane of 
Liliequist limits the interpeduncular cistern. This cistern 
has a pars profunda, adjacent to the ependymal layer, and a 
pars superficialis, just below the pars profunda. The dience-
phalic portion of the membrane of Liliequist divides the 
two segments [6]. The pars profunda contains the anterior 
group of thalamoperforating arteries. Located in the pars 
superficialis is the bifurcation of the basilar artery with its 
two main branches, the posterior cerebral arteries (P1) and 
the superior cerebellar arteries (located immediately before 
the bifurcation of the basilar artery), and the oculomotor 

nerves (CN III) [6]. The lower limit of the pars superficialis 
is the mesencephalic portion of the membrane of Liliequist. 
The recess below the latter is the prepontine cistern[6] (Fig. 
5.1). In most ventricular procedures it is difficult to identify 
this anatomy. On sagittal T2-weighted magnetic resonance 
imaging (MRI) it is sometimes possible to visualize these 
structures (Fig. 5.2). But regardless of whether or not they 
are in clear view, the key to the success of an ETV is the 
opening of the membrane of Liliequist, at least of its dien-
cephalic portion (Fig. 5.3). In certain cases progression of 
the endoscope inside the prepontine cistern is possible, 
enabling visualization of the trajectory of the basilar artery, 
and the nerves that emerge from the anterior side of the 
brainstem, such as the abducens nerve (CN VI), in the tran-
sition between the pons and the medulla oblongata, and the 
hypoglossal nerve (CN XII), at the medulla oblongata (Fig. 
5.4). The endoscopic viewing angle for the interpeduncular 
and prepontine cisterns is shown in Fig. 5.5, and the struc-
tures of this region are shown in Figs. 5.6, 5.7, 5.8, 5.9, 
5.10, 5.11, 5.12, 5.13, 5.14, 5.15, 5.16, 5.17, 5.18, 5.19, 
5.20, 5.21, 5.22, 5.23, 5.24, 5.25, 5.26, 5.27, 5.28, 5.29, 
5.30, 5.31, 5.32, 5.33, 5.34, 5.35, 5.36, 5.37, 5.38, 5.39, 
5.40, 5.41, 5.42, 5.43, 5.44, 5.45, 5.46, 5.47, 5.48, 5.49, and 
5.50.

An illustrative case is presented.

5
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Fig. 5.1 Detail of the membrane of Liliequist just below the third ventricle. Pars profunda of the interpeduncular cistern (1), pars superficialis of 
the interpeduncular cistern (2), prepontine cistern (3), and pia mater (4) (Reprinted from Seeger [6], with permission)

Fig. 5.2 Sagittal T2-weighted magnetic resonance imaging (MRI) 
depicting the membrane of Liliequist and cisterns below the third ven-
tricle. Ependymal layer (A), pars profunda of the interpeduncular cis-
tern (B), diencephalic portion of the membrane of Liliequist (C), pars 
superficialis of the interpeduncular cistern (D), mesencephalic portion 
of the membrane of Liliequist (E), prepontine cistern (F), insertion of 
the membrane of Liliequist at the dorsum sellae (G)
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Fig. 5.3 Trajectory of the neuroendoscope through the pars profunda 
of the interpeduncular cistern. This step is mandatory for ETV success. 
Insertion of the mesencephalic portion of the membrane of Liliequist at 
the pontomesencephalic rim (a), insertion of the diencephalic portion of 
the membrane of Liliequist at mammillary body (b), bulging of this 
segment against the chiasmatic cistern (c), insertion of the membrane of 
Liliequist at the dorsum sellae (d), gap of the mesencephalic segment 

(e). Bifurcation of the basilar artery (1), posterior bundle of the thal-
amoperforating arteries, penetrating the posterior perforated substance 
(2), anterior bundle of the thalamoperforating arteries, crossing pars 
superficialis of the interpeduncular cistern (3), prepontine cistern (4), 
pars superficialis of the interpeduncular cistern (5), pars profunda of the 
interpeduncular cistern (6), chiasmatic cistern (7) (Reprinted from 
Seeger [6], with permission)

5.1 Introduction
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Fig.5.4 Figure depicting sellar 
and clivus regions, viewed from 
behind. It is possible to see 
cranial nerves II to XII and other 
structures. Endoscopic view is 
possible of the III, VI, and XII 
cranial nerves. Anterior 
intercavernous sinus (1), internal 
carotid artery (2), projection of 
the anterior clinoid process (3), 
posterior intercavernous sinus 
(4), vascularization of the dorsum 
sellae and the posterior clinoid 
process (5), projection of the 
internal opening carotid channel 
of the petrous bone (6), oval 
foramen (7), basilar venous 
plexus (8), foramen magnum (9) 
(Reprinted from Seeger [6], with 
permission)

Fig.5.5 Direction of the endoscopic vision for interpeduncular and 
prepontine cisterns
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5.2  Interpeduncular and Prepontine 
Cisterns

Fig.5.6 Normal anatomy. (A) Membrane of Liliequist – diencephalic portion, (B) thalamoperforating arteries, (C) left oculomotor nerve (CN III), 
(D) left posterior cerebral artery (P1)

Fig.5.7 Normal anatomy. (A) Membrane of Liliequist – diencephalic portion, (B) Left posterior cerebral artery (P1), (C) Left oculomotor nerve 
(CN III)

5.2 Interpeduncular and Prepontine Cisterns
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Fig.5.8 Normal anatomy. (A) Membrane of Liliequist – diencephalic portion, fenestration by biopsy forceps, (B) Basilar artery, (C) Pons

Fig. 5.9 Normal anatomy. (A) Membrane of Liliequist – diencephalic portion, (B) Interpeduncular cistern, (C) Ependymal layer
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Fig. 5.10 Normal anatomy. (A) Ependymal layer, (B) Membrane of Liliequist – diencephalic portion, (C) Right posterior cerebral artery (P1), (D) 
Bifurcation of the basilar artery, (E) Left posterior cerebral artery (P1)

Fig. 5.11 Normal anatomy. (A) Dorsum sellae, (B) Clivus, (C) Membrane of Liliequist – diencephalic portion, (D) Thalamoperforating arteries
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Fig. 5.12 Normal anatomy. (A) Pituitary gland, (B) Dorsum sellae, (C) Prepontine cistern, (D) Basilar artery, (E) Membrane of Liliequist – dien-
cephalic portion

Fig. 5.13 Normal anatomy. (A) Pituitary gland, (B) Dorsum sellae, (C) Prepontine cistern, (D) Membrane of Liliequist – diencephalic portion, 
(E) Ependymal layer
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Fig. 5.14 Normal anatomy. (A) Pituitary stalk, (B) Pituitary gland, (C) Dorsum sellae

Fig. 5.15 Normal anatomy. (A) Pituitary stalk, (B) Sellar diaphragm, (C) Pituitary gland
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Fig. 5.16 Normal anatomy. (A) Pituitary stalk, (B) Sellar diaphragm, (C) Pituitary gland

Fig. 5.17 Normal anatomy. (A) Membrane of Liliequist – mesence-
phalic portion, (B) Right posterior cerebral artery (P1), (C) Bifurcation 
of the basilar artery under membrane of Liliequist – diencephalic por-

tion, (D) Ependymal layer, (E) Left posterior cerebral artery (P1), (F) 
Left oculomotor nerve (CN III)
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Fig. 5.18 Normal anatomy. (A) Clivus under membrane of Liliequist, (B) Membrane of Liliequist – mesencephalic portion, (C) Pons, (D) Left 
oculomotor nerve (CN III), (E) Membrane of Liliequist – diencephalic portion

Fig. 5.19 Normal anatomy. (A) Membrane of Liliequist – diencephalic portion, (B) Prepontine cistern, (C) Membrane of Liliequist – mesence-
phalic portion, (D) Pons, (E) Left oculomotor nerve (CN III), (F) Arachnoid trabeculae
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Fig. 5.20 Normal anatomy. (A) Membrane of Liliequist – diencephalic portion, (B) Ependymal layer, (C) Pons, (D) Basilar artery

Fig. 5.21 Normal anatomy. (A) Membrane of Liliequist – diencephalic portion, (B) Clivus, (C) Basilar artery, (D) Pons
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Fig. 5.22 Normal anatomy. (A) Clivus, (B) Basilar artery, (C) Pontine arterial branches, (D) Membrane of Liliequist – diencephalic portion

Fig. 5.23 Normal anatomy. (A) Clivus, (B) Pontine arterial branches, (C) Basilar artery
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222

Fig. 5.24 Normal anatomy. (A) Right vertebral artery, (B) Right posterior inferior cerebellar artery (PICA), (C) Pontine arterial branches, (D) 
Ependymal layer, (E) Basilar artery

Fig. 5.25 Normal anatomy. (A) Membrane of Liliequist – mesencephalic portion, (B) Pons, (C) Basilar artery, (D) Left posterior cerebral artery 
(P1), (E) Left superior cerebellar artery
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Fig. 5.26 Normal anatomy. (A) Membrane of Liliequist – mesencephalic portion, (B) Prepontine cistern, (C) Basilar artery, (D) Pontine arterial 
branch, (E) Membrane of Liliequist – diencephalic portion, (F) Left posterior cerebral artery (P1), (G) Left superior cerebellar artery

Fig. 5.27 Normal anatomy. (A) Clivus, (B) Membrane of Liliequist – mesencephalic portion, (C) Right superior cerebellar artery, (D) Left supe-
rior cerebellar artery, (E) Left labyrinthine artery, (F) Basilar artery
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Fig. 5.28 Normal anatomy. (A) Clivus, (B) Basilar artery, (C) Membrane of Liliequist – mesencephalic portion, (D) Pons, (E) Left labyrinthine 
artery

Fig. 5.29 Normal anatomy. (A) Clivus, (B) Membrane of Liliequist – mesencephalic portion, (C) Basilar artery, (D) Left abducens nerve (CN VI), 
(E) Left anterior inferior cerebellar artery (AICA)
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Fig. 5.30 Normal anatomy. (A) Left abducens nerve (CN VI), (B) Clivus, (C) Membrane of Liliequist – mesencephalic portion

Fig. 5.31 Normal anatomy. (A) Dorsum sellae, (B) Clivus, (C) Left abducens nerve (CN VI) entering the Dorello canal 
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Fig. 5.32 Normal anatomy. (A) Left abducens nerve (CN VI), (B) Pontine veins, (C) Clivus

Fig. 5.33 Normal anatomy. (A) Clivus, (B) Membrane of Liliequist – mesencephalic portion, (C) Right vertebral artery, (D) Basilar artery, (E) 
Left vertebral artery, (F) Arachnoid trabeculae
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Fig. 5.34 Normal anatomy. (A) Clivus, (B) Basilar artery, (C) Left vertebral artery, (D) Left posterior inferior cerebellar artery (PICA), (E) 
Membrane of Liliequist – mesencephalic portion

Fig. 5.35 Normal anatomy. (A) Clivus, (B) Foramen magnum, (C) Medulla oblongata, (D) Left vertebral artery, (E) Left hypoglossal nerve (CN 
XII), (F) Left posterior inferior cerebellar artery (PICA), (G) Left accessory nerve (CN XI)
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Fig. 5.36 Abnormal anatomy – intrinsic brainstem tumor (A), pons, (B) clivus, (C) basilar artery
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5.3  Ilustrative Case: Racemose 
Neurocysticercosis

Fig. 5.37 Axial T1-weighted magnetic resonance imaging (MRI) 
showing racemose cysts anterior to mesencephalon

Fig. 5.38 Sagittal T1-weighted MRI showing racemose cysts anterior 
to brainstem
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Fig. 5.39 Illustrative case – racemose neurocysticercosis. (A) Ependymal layer, (B) Membrane of Liliequist – diencephalic portion, (C) Racemose 
cysts, (D) Adhesion due to inflammatory process

Fig. 5.40 Illustrative case – racemose neurocysticercosis. (A) Biopsy forceps, (B) Racemose cyst, (C) Right oculomotor nerve (CN III), (D) 
Ependymal layer
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Fig. 5.41 Illustrative case – racemose neurocysticercosis. (A) Prepontine cistern, (B) Racemose cyst (C) Basilar artery, (D) Pons

Fig. 5.42 Illustrative case – racemose neurocysticercosis. (A) Clivus, (B) Basilar artery, (C) Membrane of Liliequist – mesencephalic portion, (D) 
Racemose cysts inside prepontine cistern, (E) Racemose cysts inside interpeduncular cistern
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Fig. 5.43 Illustrative case – racemose neurocysticercosis. (A) Clivus, (B) Racemose cysts, (C) Adhesion due to inflammatory process, (D) Basilar 
artery, (E) Prepontine cistern

Fig. 5.44 Illustrative case – racemose neurocysticercosis. (A) Right oculomotor nerve (CN III), (B) Right trigeminal nerve (CN V), (C) Racemose 
cysts, (D) Basilar artery, (E) Prepontine cistern
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Fig. 5.45 Illustrative case – racemose neurocysticercosis. (A) Right trigeminal nerve (CN V), (B) Right temporal lobe, (C) Racemose cyst, (D) 
Right oculomotor nerve (CN III)

Fig. 5.46 Illustrative case – racemose neurocysticercosis. (A) Biopsy forceps, (B) Prepontine cistern, (C) Racemose cyst, (D) Left oculomotor 
nerve (CN III), (E) Ependymal layer
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Fig. 5.47 Illustrative case – racemose neurocysticercosis. (A) Biopsy forceps, (B) Racemose cyst, (C) Left posterior cerebral artery (P1)

Fig. 5.48 Illustrative case – racemose neurocysticercosis. (A) Biopsy forceps, (B) Right oculomotor nerve (CN III), (C) Racemose cyst, (D) 
Basilar artery, (E) Left superior cerebellar artery, (F) Prepontine cistern
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Fig. 5.50 Illustrative case – racemose neurocysticercosis. (A) Clivus, (B) Medulla oblongata, (C) Racemose cyst, (D) Basilar artery, (E) Left 
vertebral artery, (F) Left hypoglosssal nerve (CN XII)

Fig. 5.49 Illustrative case – racemose neurocysticercosis. (A)Biopsy forceps, (B) Racemose cyst, (C) Basilar artery, (D) Prepontine cistern, (E) 
Pontine vein, (F) Left abducens nerve (CN VI)
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Beyond the Third Ventricle: Suprasellar 
Arachnoid Cyst

6.1  Introduction

Suprasellar arachnoid cysts (SACs) are benign congenital 
collections of cerebrospinal fluid (CSF), accounting for 
approximately 9% of all arachnoid cysts [1–4]. These cysts 
progressively enlarge from an abnormality in the interpedun-
cular cistern or in the membrane of Liliequist. They can be 
classified as communicating cysts; that is, cystic dilatations 
of the interpeduncular cistern, and as non-communicating 
intra-arachnoid cysts of the diencephalic portion of the mem-
brane of Liliequist [5]. In communicating cysts, the basilar 
artery bifurcation is located inside the cyst with no overlying 
membrane, whereas in a non-communicating cyst, the basi-
lar artery and its branches are pushed posteriorly against the 
brainstem, and the cyst can be observed through a transpar-
ent membrane (diencephalic portion of the membrane of 
Liliequist). A new recent classification divides SACs into 
three types: SAC-1, SAC-2, and SAC-3. SAC-1 may arise 
from an expansion of the diencephalic portion of the mem-
brane of Liliequist. SAC-2 shows a dilatation of the interpe-
duncular cistern and corresponds to a defect of the 
mesencephalic portion of the membrane of Liliequist. SAC-3 
is an asymmetrical form that expands to other subarachnoid 
spaces [6]. However, even on a high-definition intraoperative 
view it can be difficult to distinguish these types of SACs, 
because the diencephalic portion of the membrane of 
Liliequist is very thin and transparent. Due to this difficulty 
this classification is not applied to the intraoperative images 
shown here.

Endoscopic neurosurgery is the best surgical approach for 
SACs [7], being performed mainly in patients with associ-
ated hydrocephalus. At present, there are two main types of 
endoscopic surgical procedures: ventriculocystostomy (VC), 
in which the goal is to establish communication between the 
cyst cavity and the ventricles, and ventriculocystocisternos-
tomy (VCC), in which the goal is to open the cyst into both 
the ventricles and cisterns. There are other reports concern-
ing different endoscopic approaches [8, 9]. Currently, the 
main controversy is about whether VCC is preferable to VC 

alone. The two procedures, VC and VCC, have proven to be 
almost equally effective both clinically and radiologically. 
Nevertheless, because of the statistically significant differ-
ence between the incidences of recurrence after VC and 
VCC during long-term follow-up, it has been concluded that 
VCC should be considered as the procedure of choice in the 
treatment of SACs [10]. Crimmins et al. reported on seven 
patients treated with VC and 13 patients treated with 
VCC. They found that VCC had a higher success rate, 
although the difference was not statistically significant, but 
they also found that the failure rate of VC was higher than 
that of VCC [11]. VCC is an effective and durable treatment 
for symptomatic SACs in most cases [12]. In a metareview 
of 23 series reported after 1980, of 176 patients with SACs 
treated by different surgical procedures, the endoscopic pro-
cedure was VC in 49 patients and VCC in 53. The rate of 
clinical-radiological improvement was higher after VCC 
(94.3%) than after VC (85.7%) [13]. In another review, VCC 
was also more frequently effective (48 of 50) than VC (18 of 
21) [14]. There are two explanations for this result: First, the 
superior fenestration tends to close, regardless of whether a 
single or dual fenestration is performed, because stretching 
of the third ventricle creates excess tissue that can overlap 
and seal the fenestration after the operation. The persistence 
of the basal opening, even in the face of secondary closure of 
the apical fenestration, allows adequate cyst decompression 
into the basal cisterns, thus decreasing the risk of recurrence 
[15]. Second, chronic mesencephalon compression by the 
cyst may lead to secondary aqueductal occlusion. In this sce-
nario, apical membrane fenestration alone, although allow-
ing for adequate cyst decompression, may not result in 
extraventricular CSF flow [14]. In a recent study it was con-
cluded that VCC was superior and that the postoperative 
radiological examinations must reveal the adequacy of fen-
estrations and flow through fenestration sites, reduction of 
the cyst and ventricle size, and reorientation of the chiasm 
and mammillary bodies to an acceptable anatomical position 
[16]. Therefore, endoscopic VCC should be performed as the 
first surgical procedure in all patients with SAC and 
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 hydrocephalus. Patients who do not improve after the VCC 
procedure may be treated with a shunt [14]. In SAC patients 
without hydrocephalus, endoscopic VCC can be performed 
as an effective, safe, and simple treatment option by using 
intraoperative image-based neuronavigation. The image-
guided neuroendoscopic procedure improved the accuracy of 
the endoscopic approach and minimized brain trauma [17]. 

Also, virtual endoscopy could be an interesting option for 
surgical planning [18]. Figures 6.1 and 6.2 depict typical 
aspects of SAC on magnetic resonance imaging (MRI). 
Intraoperative images are shown in Figs. 6.3, 6.4, 6.5, 6.6, 
6.7, 6.8, 6.9, 6.10, 6.11, 6.12, 6.13, 6.14, 6.15, 6.16, 6.17, 
6.18, 6.19, 6.20, 6.21, 6.22, 6.23, 6.24, 6.25, 6.26, 6.27, 6.28, 
6.29, 6.30, 6.31, 6.32, 6.33, 6.34, and 6.35.
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6.2  Suprasellar Arachnoid Cyst

6.2.1  Typical MRI Aspect

Fig. 6.1 Axial T1-weighted magnetic resonance imaging (MRI) show-
ing a typical suprasellar arachnoid cyst

Fig. 6.2 Sagittal T2-weighted MRI showing a communicating supra-
sellar arachnoid cyst

6.2 Suprasellar Arachnoid Cyst
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Fig. 6.3 (A) Column of the fornix, (B) Suprasellar arachnoid cyst through foramen of Monro

Fig. 6.4 (A) Suprasellar arachnoid cyst through foramen of Monro, (B) Column of the fornix (C), Superior thalamostriate vein

6.2.2  Intraoperative Images
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Fig. 6.5 (A) Septum pellucidum, (B) Suprasellar arachnoid cyst through foramen of Monro, (C) Septum pellucidum spontaneous fenestration due 
to chronic hydrocephalus

Fig. 6.6 (A) Septum pellucidum, (B) Column of the fornix, (C) Suprasellar arachnoid cyst through foramen of Monro, (D) Anterior septal vein
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Fig. 6.7 (A) Column of the fornix, (B) Suprasellar arachnoid cyst through foramen of Monro

Fig. 6.8 (A) Cyst wall
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Fig. 6.9 (A) Monopolar coagulation electrode at the cyst wall

Fig. 6.10 (A) Coagulated cyst wall
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Fig. 6.11 (A) Biopsy forceps fenestrating the cyst wall

Fig. 6.12 (A) Biopsy forceps fenestrating the cyst wall, (B) Fenestration
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Fig. 6.13 (A) Cyst wall, (B) Membrane of Liliequist – mesencephalic 
portion, (C) Bifurcation of the basilar artery, (D) Right posterior cere-
bral artery (P1), (E) Right posterior communicating artery, (F) Right 

posterior cerebral artery (P2), (G) Right oculomotor nerve (CN III), (H) 
Mesencephalon, (I) Thalamoperforating arteries, (J) Left oculomotor 
nerve (CN III), (K) Left posterior communicating artery

Fig. 6.14 (A) Thalamoperforating arteries, (B) Right oculomotor nerve (CN III), (C) Right cerebral peduncle, (D) Tegmentum of mesencephalon, 
(E) Left cerebral peduncle
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Fig. 6.15 (A) Dorsum sellae, (B) Membrane of Liliequist– mesencephalic portion, (C) Right posterior communicating artery, (D) Right posterior 
cerebral artery (P1), (E) Bifurcation of the basilar artery, (F) Left posterior cerebral artery (P1), (G) Left posterior communicating artery

Fig. 6.16 (A) Membrane of Liliequist – mesencephalic portion, (B) 
Right posterior cerebral artery (P1), (C) Bifurcation of the basilar 
artery, (D) Left posterior cerebral artery (P1), (E) Thalamoperforating 

arteries, (F) Left posterior cerebral artery (P2), (G) Left anterior thal-
amoperforating or premammillary arteries, (H) Left posterior commu-
nicating artery
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Fig. 6.17 (A) Membrane of Liliequist – mesencephalic portion, (B) 
Right posterior communicating artery, (C) Right posterior cerebral 
artery (P2), (D) Right oculomotor nerve (CN III), (E) Thalamoperforating 

arteries, (F) Right posterior cerebral artery (P1), (G) Bifurcation of the 
basilar artery, (H) Left posterior cerebral artery (P1), (I) Left posterior 
cerebral artery (P2), (J) Left posterior communicating artery

Fig. 6.18 (A) Dorsum sellae, (B) Clivus, (C) Membrane of Liliequist – 
mesencephalic portion, (D) Bifurcation of the basilar artery, (E) Right 
posterior cerebral artery (P1), (F) Thalamoperforating arteries, (G) Left 

cerebral peduncle, (H) Left posterior cerebral artery (P1), (I) Left pos-
terior cerebral artery (P2), (J) Left oculomotor nerve (CN III), (K) Left 
posterior communicating artery
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Fig. 6.19 (A) Bifurcation of the basilar artery, (B) Right posterior cere-
bral artery (P1), (C) Right oculomotor nerve (CN III), (D) 
Thalamoperforating arteries, (E) Left cerebral peduncle, (F) Left oculo-

motor nerve (CN III), (G) Left posterior cerebral artery (P2), (H) Left 
posterior cerebral artery (P1)

Fig. 6.20 (A) Bifurcation of the basilar artery, (B) Right posterior cerebral artery (P1), (C) Mesencephalon, (D) Thalamoperforating arteries, (E) 
Left posterior cerebral artery (P1)
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Fig. 6.21 (A) Right posterior communicating artery, (B) Right oculo-
motor nerve (CN III), (C) Right posterior cerebral artery (P2), (D) Right 
cerebral peduncle, (E) Thalamoperforating arteries, (F) Right posterior 

cerebral artery (P1), (G) Bifurcation of the basilar artery, (H) Left pos-
terior cerebral artery (P1), (I) Membrane of Liliequist – mesencephalic 
portion

Fig. 6.22 (A) Clivus, (B) Membrane of Liliequist – mesencephalic 
portion, (C) Right posterior cerebral artery (P1), (D) Bifurcation of the 
basilar artery, (E) Thalamoperforating arteries, (F) Right cerebral 

peduncle, (G) Left posterior cerebral artery (P1), (H) Left posterior 
cerebral artery (P2), (I) Left oculomotor nerve (CN III), (J) Left poste-
rior communicating artery
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Fig. 6.23 (A) Sellar diaphragm, (B) Pituitary stalk, (C) Pituitary gland, 
(D) Dorsum sellae, (E) Membrane of Liliequist – mesencephalic por-
tion, (F) Left posterior cerebral artery (P1), (G) Left posterior cerebral 

artery (P2), (H) Left anterior thalamoperforating or premammillary 
arteries, (I) Left posterior communicating artery, (J) Posterior clinoid 
process, (K) Middle cerebral artery (M1), (L) Internal carotid artery

Fig. 6.24 (A) Pituitary gland and stalk, (B) Dorsum sellae, (C) Clivus, 
(D) Membrane of Liliequist – mesencephalic portion, (E) Right poste-
rior cerebral artery (P1), (F) Thalamoperforating arteries, (G) 

Bifurcation of the basilar artery, (H) Left posterior cerebral artery (P1), 
(I) Left posterior cerebral artery (P2), (J) Left posterior communicating 
artery, (K) Sellar diaphragm
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Fig. 6.25 (A) Pituitary stalk, (B) Pituitary gland, (C) Sellar diaphragm, (D) Dorsum sellae, (E) Membrane of Liliequist – mesencephalic portion, 
(F) Posterior clinoid process

Fig. 6.26 (A) Biopsy forceps fenestrating the membrane of Liliequist – diencephalic portion, (B) Right oculomotor nerve (CN III), (C) Right 
posterior cerebral artery (P2)
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Fig. 6.27 (A) Membrane of Liliequist– diencephalic portion, (B) Right oculomotor nerve (CN III), (C) Right posterior cerebral artery (P2)

Fig. 6.28 (A) Biopsy forceps fenestrating the membrane of Liliequist – diencephalic portion, (B) Right oculomotor nerve (CN III), (C) Right 
posterior cerebral artery (P2)
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Fig. 6.29 (A) Fenestration at the membrane of Liliequist – diencephalic portion

Fig. 6.30 (A) Biopsy forceps fenestrating the membrane of Liliequist – mesencephalic portion, (B) Left posterior cerebral artery (P1), (C) Clivus
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Fig. 6.31 (A) Biopsy forceps fenestrating the membrane of Liliequist – mesencephalic portion, (B) Left posterior cerebral artery (P1)

Fig. 6.32 (A) Fenestration at the membrane of Liliequist – mesencephalic portion, (B) Left posterior cerebral artery (P1)
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Fig. 6.33 (A) Septum pellucidum, (B) Column of the fornix, (C) Cyst wall fenestration at the end of the procedure

Fig. 6.34 (A) Column of the fornix, (B) Cyst wall fenestration at the end of the procedure, (C) Septum pellucidum spontaneous fenestration due 
to chronic hydrocephalus, (D) Anterior septal vein
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Beyond the Third Ventricle: 
Hydranencephaly

7.1  Introduction

Hydranencephaly (HE) is a rare, mostly isolated abnormal-
ity, which is reported to affect about 1 of 5000 continuing 
pregnancies [1, 2]. It is one of the most severe forms of bilat-
eral cerebral cortical anomalies. In this condition, the cere-
bral hemispheres are completely or almost completely 
missing. In their place, there is a membranous sac filled with 
cerebrospinal fluid (CSF), glial tissue, and ependyma. There 
is, however, preservation of the skull. There is variable and 
partial involvement of the frontal, parietal, temporal, and 
occipital lobes. The mesencephalon, cerebellum, thalami, 
basal nuclei, and choroid plexus are usually not involved 
[3–5]. The etiopathogenesis of HE is still unknown; how-
ever, most researchers support the hypothesis that the brain 
damage in HE is related to early internal carotid artery 
involvement [6–8]. Unlike the unilateral form, the prognosis 
of HE is usually quite poor. Affected patients mostly die in 
utero. In the survivors, death usually occurs in the first year 
of life. Developmental delay, drug-resistant seizures, spastic 
diplegia, severe growth failure, and respiratory infections are 
features that burden the life of these patients and are frequent 
causes of their death. However, patients with survivals of 20 
[9], 22 [10], and 32 [7] years have been reported in the litera-
ture. The survival of the patient is related to the integrity of 
the brainstem, which regulates vital aspects, such as temper-

ature, blood pressure, and cardiorespiratory function [6]. For 
the child with HE who survives, there is debate as to whether 
or not to perform any surgical treatment, considering the 
severe brain impairment [11]. Classical surgical treatment 
consists of a shunt, which drains the CSF, reducing the cere-
bral tension and the progressive increase of the cerebral vol-
ume. Recently, an optional treatment has been proposed, 
consisting of choroid plexus coagulation (CPC) [12]. CPC 
stabilizes macrocephaly in approximately 40% of infants 
with severe congenital hydrocephalus and hydranencephaly 
and can be considered as an alternative to shunt placement 
[13]. In particular, in cases of hydranencephaly with an 
excellent view of the choroid plexus, the procedure had good 
indications for avoiding the complications associated with a 
shunt. Because hydranencephaly is very rare and the follow-
 up period is typically short due to the disease characteristics, 
a large number of patients and long-term follow-up are 
needed to determine the real effectiveness of the CPC proce-
dure in this patient group [14]. Arachnoid collapse is a previ-
ously unreported complication of CPC treatment of 
hydranencephaly [15]. Figures 7.1 and 7.2 depict typical 
aspects of hydranencephaly on computed tomography (CT) 
scan and magnetic resonance imaging (MRI), and Figs. 7.3 
and 7.4 show neuroendoscopic techniques. Intraoperative 
images are shown in Figs. 7.5, 7.6, 7.7, 7.8, 7.9, 7.10, 7.11, 
7.12, 7.13, and 7.14.
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7.2  Hydranencephaly

7.2.1  Typical Aspect on Imaging 
Examinations

Fig. 7.1 Typical aspect of hydranencephaly on CT scan, with presence 
of posterior fossa

Fig. 7.2 Typical aspect of hydranencephaly on axial T2-weighted 
MRI, with presence of thalami, brainstem, superior part of cerebellar 
vermis, and occipital lobe (Image courtesy of Dr. Ian Bickle, 
Radiopaedia.org, rID 25,150)

7 Beyond the Third Ventricle: Hydranencephaly
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7.2.2  Intraoperative Images

Fig. 7.3 Gaab system (Karl Storz, Tuttlingen, Germany) inspection 
showing aspect of the skull similar to that on transillumination 
examination

Fig. 7.4 Free-hand technique with Gaab system (Karl Storz, 
Tuttlingen, Germany), performing choroid plexus coagulation (aspect 
of the skull similar to that on transillumination examination)

7.2 Hydranencephaly
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Fig. 7.5 (A) Right thalamus, (B) right choroid plexus, (C) left choroid plexus, (D) left thalamus

Fig. 7.6 (A) Intracranial space (no ventricle!), (B) Left choroid plexus, (C) Right choroid plexus

7 Beyond the Third Ventricle: Hydranencephaly
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Fig. 7.7 (A) Bipolar coagulation electrode, (B) Right choroid plexus and its basal vessels

Fig. 7.8 (A) Bipolar coagulation electrode, (B) Right thalamus, (C) Right choroid plexus, (D) Intracranial space (no ventricle!), (E) Left choroid 
plexus, (F) Left thalamus
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Fig. 7.9 (A) Bipolar coagulation electrode, (B) Left thalamus, (C) Left choroid plexus, (D) Intracranial space (no ventricle!)

Fig. 7.10 (A) Bipolar coagulation electrode, (B) Left thalamus, (C) Left choroid plexus
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Fig. 7.11 (A) Left thalamus, (B) Cerebellar culmen, (C) Left choroid plexus, (D) Bipolar coagulation electrode

Fig. 7.12 (A) Cerebellar culmen
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Fig. 7.13 (A) Bipolar coagulation electrode, (B) Coagulated choroid plexus

Fig. 7.14 (A) Intracranial space (no ventricle!), (B) Coagulated choroid plexus (final aspect)
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