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John A. Jane, Sr., MD, PhD, 1931-2015
Professor and Chair, Neurological Surgery

University of Virginia, Charlottesville, Virginia (1969-2006)
Editor-in-Chief of the Journal of Neurosurgery (1992-2013)

“Pigmaei gigantum humeris impositi plusquam ipsi gigantes vident.” 
(If I have seen further it is by standing on the shoulders of giants.) Issac Newton 16761

“Though lives die, the life is not dead, and the memory of lives such as these will be reverently 
and forever shared not by a profession alone, not by a nation alone,  
but by the universal brotherhood of man.” Andreas Vesalius 15432

Dr. Jane was a giant whose shoulders were the foundation for advances in neurological surgery and for 
many generations of neurosurgeons. The department he fashioned at the University of Virginia was a 

fountainhead of originality, research, and advances in clinical care. Even more distinctively, he combined 
these efforts with a unique, compelling, and dominating focus on education. Dr. Jane united this scholarly 

emphasis with a warm and welcoming personality, an immense and eclectic intellect, and an ironic and 
unlimited sense of humor. Like Thomas Jefferson,3 the founder of the University of Virginia, Dr. Jane 

sought to create an “academic village” that fostered curiosity, innovation, and intellectual rigor in a 
supportive milieu. With his personal involvement and encouragement, his students and trainees pursued 

careers and leadership positions in academic institutions throughout America and the world. These trainees 
and their descendants will affirm the validity of Vesalius’s observation2: memories of John Jane’s life and his 

“message”4 will be shared with future generations of neurosurgeons.5

H. Richard Winn, MD
Resident in Neurological Surgery, University of Virginia (1970-1974)

Assistant, Associate, Professor and Vice Chair
Department of Neurological Surgery, University of Virginia (1976-1983)
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Foreword

The human brain, it has often been observed, is the most com-
plicated object in the known universe. The sheer size and scale 
of Youmans and Winn Neurological Surgery, now in its seventh 
edition and surely the Bible of our craft, is testament to that. It 
is, however, a salutary thought that despite immense strides in 
neuroscience in the last few decades, we still understand remark-
ably little about how our brains really work. We are like Newton, 
who described himself as a boy, standing on the seashore, playing 
with pebbles, while “the great ocean of truth lay all undiscovered” 
before him.

Despite all the science, technology, and clinical knowledge 
with which, as neurosurgeons, we must remain conversant at all 
stages of our careers, and which this great textbook embodies so 
well, the fundamental purpose of everything we do is to help our 
patients. Neurosurgery has the justifiable reputation of being 
difficult, and many people (especially neurosurgeons!) consider it 
to be the acme of surgery. Yet once we have mastered all the 
intricacies of operating and acquired an understanding of the 
brain, both in health and disease, most neurosurgeons come to 
understand that the greatest difficulty of their work is not so 
much in the technicalities of operating (which for most of us is 
a joy, albeit at times a painful one) but instead in the decision-
making—when to operate and especially when not to operate. 
Neurosurgical procedures, despite all the recent technological 
advances, are still very dangerous because the brain is so complex, 
delicate, and vital to all that makes life worth living. Our patients 
are very vulnerable. To make the right decisions and to give our 
patients the best advice, we depend not just on our own experi-
ence but on the experience and accumulated knowledge of the 
thousands of surgeons and scientists who have gone before us or 
who are continually carrying the specialty forward with new 
research. It can be a daunting experience to open a textbook as 
massive as Youmans and Winn, edited so expertly for many years 

by H. Richard Winn. It can fill you with both amazement and 
alarm that there is so much you do not know but feel that you 
should. No neurosurgeon can hope—or should try—to assimilate 
all of it. Besides, in this age of increasing specialization, it is 
unlikely to be necessary. Nevertheless, here in one place, we can 
find all that we need to know to remain fully grounded and up-
to-date in the science and craft of neurological surgery, the 
practice of which for most of us is more than just a career and 
instead something that fills us with the deepest awe and love.

Henry T. Marsh, CBE, FRCS
St. George’s Hospital

London

Henry T. Marsh was the senior neurosurgeon at Atkinson Morley Hospital/St. George’s, 
University of London until he retired in 2015. He was made Commander of the British 
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Preface

The seventh edition of Youmans and Winn Neurological Surgery 
reflects the dynamic and expansive nature of neurosurgery in the 
second decade of the 21st century and endeavors to provide an 
encyclopedic overview of neurological surgery for both the 
experienced and nascent clinician. Time alone will not convert 
the latter to the former; the acquisition of knowledge and judg-
ment are essential for this transformation.

This edition is larger than its predecessor, introduces more 
than 50 new topics and chapters, has both printed and Web-based 
content, and utilizes hundreds of videos. To a significant extent, 
we have redesigned the entire book with every illustration, 
photograph, chart, and table now in color. Some of the changes 
are described as follows.

•	 A totally new feature is the addition of introductory chapters 
for each of the 12 sections. These introductory chapters, 
written by the subspecialty section editors, are composed of 
two components: a review of the contents of the section and 
a thoughtful evaluation of ongoing controversies related to 
the subspecialty. Thus, each introduction discusses multiple 
unresolved questions that neurosurgeons, irrespective of their 
level of training and years of experience, may need to address 
in dealing with patients.

•	 The vast majority of chapters now contain videos to supple-
ment the written text. In addition, we have upgraded the 
quality and added audio commentary. These electronic fea-
tures are designed to facilitate understanding of the complexi-
ties of neurological procedures. The seventh edition also 
includes videos on perioperative techniques such as patient 
positioning. For example, Chapter 22 contains 18 different 
videos on positioning for peripheral nerve surgery. These 
videos, however, are not restricted to the operating room  
but are critical components of chapters focused on basic  
sciences and clinical topics. For example, the 36 videos  
in Chapter 2, “Surgical Anatomy of the Brain,” by Rhoton  
and his colleagues, provide a broad yet in-depth educational 
supplement.

•	 An example of electronic enhancement in the clinical realm is 
Chapter 8, which deals with ophthalmology and contains 
many videos demonstrating multiple eye movement disorders 
associated with cranial nerve dysfunction. Written descrip-
tions of such disorders can be confusing, whereas these  
videos quickly and more clearly convey the neurological 
abnormalities.

•	 We extensively revised and totally rewrote all retained chap-
ters. References were likewise rigorously updated. Retention 
of previous topics and chapters required a clear indication  
of relevance and importance to neurosurgical education and 
practice.

•	 Because of the dynamic nature of fundamental research, all 
the basic science chapters have been extensively revised to 
provide cutting-edge information. In addition, several new 
topics have been added: examples include “Optogenetics and 
Clarity” (Chapter 45) and “Extracellular Fluid Movement and 
Clearance in the Brain” (Chapter 54). The latter has been 
termed the “glymphatic pathway” and may have a significant 
impact on patient disorders.

•	 We have extensively expanded our focus on anatomy by 
adding a new chapter, “Surgical Anatomy of the Skull Base” 
(Chapter 3), which complements Rhoton’s chapter, “Surgical 

Anatomy of the Brain” (Chapter 2). In addition, each subspe-
cialty section contains a chapter focused on the relevant 
anatomy pertinent to the subspecialty topics.

•	 Radiology, especially magnetic resonance imaging, is the 
technique by which neurosurgeons study anatomy in the 21st 
century. Accordingly and reflecting our approach to anatomy, 
we have expanded the radiology components in the seventh 
edition. There are initial introductory overviews of brain and 
spine radiology, including physiologic techniques, and then 
more highly focused radiology chapters contained within each 
subspecialty section.

•	 Patient safety must be of paramount concern for neurosur-
geons, and consequently we added new chapters on this topic: 
“Improving Patient Safety” (Chapter 4) and “Coagulation for 
the Neurosurgeon” (Chapter 7). In addition, we upgraded 
several chapters that deal with complication avoidance, which 
is covered broadly in the initial section and more narrowly in 
each subspecialty section.

•	 Cutting-edge practice of neurosurgery demands the knowl-
edge of new technologies, many of which have been added in 
the seventh edition (e.g., see Chapter 25, “Visualization and 
Optics in Neurosurgery”). Even new twists on older methods 
are contained in new chapters such as Chapter 24 (“Brain 
Retraction”).

•	 Because advances in the neurosciences and neurological 
surgery are not limited by national boundaries, we have sig-
nificantly broadened our international authorship to reflect 
this global basis of knowledge.

The first edition of Neurological Surgery by Julian Youmans 
appeared in 1973 and contained 112 chapters and 2024 pages. 
Now, almost five decades later, the seventh edition, with much 
larger pages and resultant 30% increase in the number of words 
per page, has expanded to 415 chapters and almost 5000 pages. 
By comparing each section of the first and seventh editions, one 
can easily see how much has changed in the knowledge base of 
neuroscience and neurosurgery and the breadth and practice of 
neurosurgery. Consequently, the neurosurgery trainee of today 
(and tomorrow) must master considerably more information and 
techniques while simultaneously assimilating the existing knowl-
edge base. Not to be forgotten are the historical precedents 
responsible for present-day neurosurgery practice, which are 
reviewed in detail in the first chapter of the seventh edition.

It should be self-evident that the provision of this knowledge 
in the seventh edition represents the diligent work of many 
individual experts. I enthusiastically express my appreciation to 
the stellar and thoughtful authors of the 415 chapters. Their work 
represents the essential building blocks for the practice of neu-
rological surgery.

The creation of this multi-authored textbook required hard 
work and discipline by the section editors, to whom I offer much 
gratitude. If the individual authors are the building blocks, then 
the following section editors represent the mortar:

Introduction and General Neurosurgery Section
•	 William T. Couldwell, MD, PhD
•	 Basant K. Misra, MBBS, MS, MCh, Diplomate National 

Board
•	 Volker Seifert, MD, PhD
•	 Ugur Türe, MD
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critical architects in helping with the intellectual design of the 
seventh edition. And I thank my former laboratory postdoc and 
neurosurgical colleague, Kathryn Ko, MD, MFA, for allowing her 
insightful paintings to grace the cover of the seventh edition.

To bring to fruition a work of this magnitude requires a highly 
professional editorial effort, and for this, I thank the members of 
the Elsevier global team. Firstly, I thank Senior Content Devel-
opment Specialist Jennifer Shreiner in Philadelphia, Pennsylvania, 
who was indispensable on a daily basis in the hard work of 
organizing chapters and prodding the authors, section editors, 
and me; Book Production Specialist Kristine Feeherty in St. 
Louis, Missouri, who masterfully oversaw copyediting, proof-
reading, and conversion of manuscripts into printed proofs; and 
lastly, Senior Content Strategist Charlotta Kryhl in London, 
England, for her long-term advice, input, and patience. The 
seventh edition would not have been brought to fruition without 
the assistance of Mss. Shreiner, Feeherty, and Kryhl.

A personal note of gratitude goes to my wife, Debbie, for her 
sustaining support and editorial assistance; our son, Randy, and 
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Introduction and General Neurosurgery
SECTION 

I

The “Introduction and General Neurosurgery” section is com-
posed of 43 chapters that are divided into seven subparts: “History 
and Background”; “Related Systems”; “Overview of Radiology”; 
“Intensive Care”; “The Operating Room”; “Geriatric Neurosur-
gery”; and “Infections.” We designed the “Introduction and 
General Neurosurgery” section with the goal of providing neu-
rosurgeons in practice and those still in training with compre-
hensive, up-to-date information on a broad scope of topics central 
for the mastery of neurosurgery. In this introduction, the section 
editors initially review the topics contained in the “Introduction 
and General Neurosurgery” section and then present a series of 
essays about controversies and unresolved questions related to 
these topics.

OVERVIEW
The first part of this section opens with a superb chapter on an 
important topic: the history of neurosurgery. Neurosurgeons 
have shown an increasing interest in the history of their disci-
pline, as demonstrated by the expanding history section of the 
American Association of Neurological Surgeons. Neurosurgeons 
should remember George Santayana’s1 warning that “those who 
cannot remember the past are condemned to repeat it.” The next 
two chapters comprehensively review the anatomy of the brain 
and skull base. Chapter 2, by Rhoton and colleagues, contains 35 
videos, and Chapter 3 is a totally new entity in which bony cranial 
and brain landmarks are correlated. Each of the subsequent chap-
ters in the “History and Background” part discusses a subject that 
is critical for patient care: improving patient safety (Chapter 4), 
preoperative evaluation for neuroanesthesia (Chapter 5), and 
complication avoidance (Chapter 6). The final chapter in this 
part, “Coagulation for the Neurosurgeon,” is another new topic 
and succinctly contains vital insights.

The second part of this section, “Related Systems,” focuses on 
the related topics and systems of neuro-ophthalmology (Chapter 
8), neurotology (Chapter 9), and neurourology (Chapter 10). 
Neurosurgeons have many patients whose problems involve 
these systems; consequently, they work closely and consult fre-
quently with colleagues in these fields. These chapters are highly 
focused on the essential information that allows neurosurgeons 
to knowledgeably provide care and seek appropriate and timely 
consultation.

The third part of this section, “Overview of Radiology,” com-
prehensively covers basic neuroradiology with separate chapters 
on computed tomography (CT) and magnetic resonance imaging 
(MRI) of the brain (Chapter 11) and spine (Chapter 12) and then 
intensive chapters on physiologic analysis involving the use of 
MRI (Chapter 13) and positron emission tomography (PET; 
Chapter 14). This entire part on neuroradiology and imaging 
serves as a cornerstone for multiple individual neuroradiologic 
chapters that appear in the specialty sections (e.g., “Oncology” 
[Section V], “Pediatrics” [Section VII], and “Vascular” [Section 
XII]) later in the book.

The fourth part of this section, “Intensive Care,” begins with 
Chapter 15, in which the scientific basis of intracranial pressure 

is reviewed and the various approaches to monitoring intracranial 
pressure are described. Separate chapters then deal with princi-
ples of intensive care unit (ICU) treatment (Chapter 16) and the 
unique role of neurosurgeons in providing care in the neurosurgi-
cal ICU (Chapter 17).

The fifth part of this section, “The Operating Room,” opens 
with Chapter 18, an overview of surgical planning. Surgical simu-
lation and surgical robotics, a new and emerging field with the 
potential for a major influence on neurosurgery, is then explored 
in Chapter 19. Positioning is a critical component of neurosur-
gery and is covered in separate chapters related to cranial, spinal, 
and peripheral nerve surgery. All these positioning chapters 
contain illustrative and extensive videos. For example, Chapter 
22 (“Positioning for Peripheral Nerve Surgery”) contains 18 
separate videos. Although incisions and closings are seemingly 
routine, many difficulties can arise when they are performed. We 
thus included Chapter 23, which deals with these two topics. 
Chapter 24, a new topic, provides insights on a technique “rou-
tinely” used but not frequently discussed in neurosurgery: retrac-
tion. Continuing the “insights” theme, Chapter 25 covers 
visualization and optics. Chapter 26 explores the advantages and 
disadvantages of endoscopic surgery. With this background, the 
reader is then presented with Chapter 27, which focuses on tho-
racic endoscopic surgery. “The Operating Room” part of this 
section then concludes with Chapter 28, about another “routine” 
procedure that necessitates attention to detail to achieve success: 
cranioplasty.

Because of the aging population throughout the world,  
the sixth part of this section, “Geriatric Neurosurgery,” concen-
trates on two topics: normal-pressure hydrocephalus (NPH) and 
chronic subdural hematomas. For each of these entities, we 
provide chapters describing the relevant basic science and patho-
physiologic features, patient evaluation, and treatment options, 
including a critical review of third ventricular ventriculostomy 
(Chapter 32).

The seventh part of this section, “Infections,” covers this 
important topic broadly, starting with Chapter 35, a very com-
prehensive discussion of the basic science of central nervous 
system (CNS) infections. Separate chapters (36 and 37) deal with 
postoperative infections of the brain (and head) and the spine. 
Next, the important topic of antibiotic usage is explored in 
Chapter 38. Specific types of infections affecting the CNS are 
then discussed in separate chapters: brain abscess (Chapter 39), 
meningitis and encephalitis (Chapter 40), acquired immunodefi-
ciency syndrome (Chapter 41), and parasitic infections (Chapter 
42). This section closes with an increasingly important topic for 
surgeons: surgical risk of transmittable diseases (Chapter 43).

CONTROVERSIES AND UNRESOLVED QUESTIONS
In this part of the introduction, we discuss a number of important 
and controversial topics in modern neurosurgery: treatment  
of hydrocephalus; coagulation for the neurosurgeon; the  
proper treatment of chronic subdural hematomas; the use of 
endoscopy with transfacial surgery; technical advances involving 

Overview and Controversies
William T. Couldwell, Basant K. Misra, Volker Seifert, Ugur Türe, and H. Richard Winn
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patients. The assessment of the coagulation system is vital in 
preoperative management, as well as in the determination of any 
deleterious effects of medications used by the patient. In this 
regard, there is a paucity of high-level evidence concerning the 
effects of antiplatelet agents and anticoagulants on patients with 
neurosurgical conditions.

Currently, more than 1% of the general population is receiv-
ing some form of oral anticoagulation for various cardiovascular 
conditions. These problems are further confounded by the 
increasingly common use of dual antiplatelet agents in patients 
with cardiac, peripheral vascular, and intracranial stents. The 
management of such patients after neurotrauma represents a con-
troversial area in neurosurgery (see Chapter 7). Although some 
investigators have focused on the management and outcome of 
patients with trauma who receive anticoagulants or antiplatelet 
therapy, there are no strict guidelines (and a lack of class I evi-
dence). Several questions have been raised about testing of anti-
platelet and anticoagulation effects on patients at hospital 
admission, reversal of the pharmacologic effects of these agents 
to mitigate against neurological deterioration, and the timing of 
reinstitution of therapy. Patients taking oral anticoagulation 
medication are considered to be at high risk for neurological 
deterioration, and more prospective and comparative effective-
ness research is necessary to answer these important questions.

Another related dilemma is posed by the use of contemporary 
anticoagulants for the management of cardiovascular conditions. 
Several small compounds that specifically block activated coagu-
lation factor X (FXa) or thrombin (FIIa) have become popular 
alternatives to vitamin K antagonist compounds. As opposed to 
vitamin K antagonists, direct oral anticoagulants (DOACs) target 
a specific coagulation factor. Such direct oral anticoagulants 
include dabigatran etexilate (thrombin inhibitor) and edoxaban 
and rivaroxaban (inhibitors of FXa). These agents have become 
popular for venous prophylaxis or treatment of thromboembo-
lism and for prevention of neurological events associated with 
atrial fibrillation. With regard to intracranial hemorrhage, the 
safety profile of the DOACs has been shown to be poorer than 
that of vitamin K antagonists. The difficulty arises with the use 
of these agents when intracranial hemorrhage occurs, either 
spontaneously or in relation to trauma.6-8 The development of 
reversal agents has lagged behind the introduction of these agents 
for therapeutic benefit for common cardiovascular problems; as 
a result, difficulty arises when bleeding events occur, especially in 
relation to the CNS. Because most DOACs have a short half-life, 
time is an efficient way to eliminate the anticoagulant effect if 
waiting is possible; however, devastating neurological outcomes 
have been reported with the use of these agents.9 New agents 
are currently being developed that should reduce this problem 
over time.10,11

Question 3: Correct Surgical Management of 
Chronic Subdural Hematomas: Do Surgeons Now 
Have the Definitive Answer?
Chronic subdural hematoma, for which the mean age at occur-
rence is in the eighth decade, represents a growing problem in 
much of the developed world as the population ages. This demo-
graphic shift, together with the increasing use of anticoagulants 
and antiplatelet agents in older patients, complicates the manage-
ment of these patients.

Treatment for chronic subdural hematoma remains surgical; 
observation is recommended for affected patients with minimal 
or no symptoms. The three options for surgical drainage are bur-
hole drainage (which can be performed with the patient under 
local or general anesthesia, usually in the operating room), twist-
drill craniostomy (which is usually performed with the patient 
under local anesthesia, at the patient’s bedside), or open crani-
otomy (in the operating room). The results of these options, 

robotic surgery, visualization and optics, and brain retraction; the 
glymphatic system; the role of the neurosurgeon in neurointen-
sive care; and education and training of neurosurgeons. Although 
perhaps we do not offer definitive answers, our goal is to focus 
attention, raise awareness, provide context, and perhaps point the 
way to answering unresolved questions.

Question 1: Adult and Pediatric Hydrocephalus: 
The Role of Third Ventriculostomy and Choroid 
Plexus Cauterization
Endoscopic third ventriculostomy (ETV) has been increasingly 
used for treating both adult and pediatric hydrocephalus since 
the early 2000s (see Chapter 32). This procedure has much inher-
ent appeal, in that avoiding or removing an indwelling ventricular 
shunt—which condemns the patient to probable lifelong depen-
dency on a device with a high failure rate over time—is a laudable 
goal. Rates of success with ETV vary from 50% to 90%. The 
indications for this procedure are in evolution. It is clear that  
the success of the procedure is highly dependent on the cause  
of the hydrocephalus. Patient selection is the key to achieving 
clinical success.

In the adult population, late-onset idiopathic aqueductal ste-
nosis is the indication for which the implantation of a shunt has 
the highest success rate. In addition, lesional obstructive hydro-
cephalus (secondary obstructive hydrocephalus) remains an intui-
tively appealing indication for which shunt implantation has a 
high success rate. Perhaps more surprisingly, NPH, long believed 
to be a disorder of cerebrospinal fluid (CSF) dynamics and 
absorption, is an emerging indication. The published rates of 
success with ETVs in patients with NPH have been variable, 
ranging from 21% in a study of 14 patients1a to 87% in a study 
of 15 patients with 27 months of follow-up.2 Gangemi and col-
leagues3 had a success rate of 69% in their series of 110 patients 
with NPH treated with ETVs at four centers and monitored for 
a minimum of 2 years. Potential predictors of success included a 
shorter duration of symptoms and milder symptoms; patient age 
was not predictive of response. In adult patients with shunts, 
conversion to ETV and removal of the shunt has been successful 
in 70% at a median follow-up of 36 months. This population 
represents a considerable opportunity.

The success rate of ETV in children with hydrocephalus sec-
ondary to tectal gliomas is high (close to 90%), whereas ETVs 
performed in the context of intraventricular hemorrhage associ-
ated with prematurity succeed in only a third or fewer of cases. 
Young age (<6 months) is associated with a lower success rate, 
independent of cause; however, this age effect either plateaus or 
diminishes after the age of 2 years, perhaps because of cranial 
maturation.4,5 The literature indicates that the rate of success 
with ETV is high in patients older than 2 years in whom non-
communicating hydrocephalus is caused by aqueductal stenosis, 
tectal glioma, and posterior fossa tumors.

With regard to the question of whether a choroid plexus 
coagulation should be added to the ETV procedure, data suggest 
that in the infant population (<2 years old) with noninfectious 
hydrocephalus, adding choroid plexus coagulation may further 
bolster the success rates of this procedure. ETV with choroid 
plexus coagulation is now routinely performed at children’s hos-
pitals around the world and has resulted in an approximately  
30% decrease in the placement of new ventricular shunts in the 
pediatric age group in selected institutions (W.T. Couldwell,  
personal communication, University of Utah Department of 
Neurosurgery).

Question 2: Clotting and the Neurosurgeon
The imperative in neurosurgery, as in other fields of surgery, is 
to critically balance the risks of bleeding against thrombosis in 
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exposure is avoided. In an endoscopic approach, the craniotomy 
through the anterior skull base is made directly over the basal 
dural attachment at the anterior skull base. The meningioma can 
be devascularized early in the operation to decrease blood loss 
and facilitate tumor removal. Complete removal of all bone that 
has become hyperostotic from tumor infiltration facilitates a 
Simpson grade I resection. The endoscopic approach may be 
suitable for an anterior skull base meningioma that has recurred 
or extends into the paranasal sinuses.

Disadvantages of the endonasal endoscopic approach stem 
from the inherent limitations of its midline exposure. Tumors 
that have extended beyond the medial orbital wall or over the 
superior orbital roof and those with dural attachments extending 
lateral to the optic canal or into the sphenoid wing are difficult 
to access from a midline endonasal approach and may be better 
approached via an open transcranial technique. Cranial nerves 
and vascular structures are identified later in the dissection during 
an endonasal endoscopic technique and may be prone to injury 
if manipulated. Tumors encasing the internal carotid arteries or 
anterior cerebral arteries should be approached by an open tech-
nique for more complete visualization and to avoid vascular 
injury. High-quality studies of the extent of resection, recurrence 
rates, and complications of each approach are lacking.

CSF leaks that necessitate endonasal exploration to repair may 
be more common with endoscopic surgery. The osteodural defect 
is larger when created by an approach from below than when 
created by a Simpson grade I resection with a transcranial 
approach from above. Approaching a meningioma in the olfactory 
groove may necessitate resection of bone and dura extending from 
the posterior wall of the frontal sinus to the planum sphenoidale. 
Resection of the hyperostotic endonasal bones and entering the 
paranasal sinuses further increase the risk of a CSF leak.

Modern surgical techniques, such as the use of vascularized 
nasoseptal mucosal flaps or allogenic acellular dermal allograft 
(AlloDerm; LifeCell Corporation, Bridgewater, NJ), may decrease 
the rate of CSF leaks without the need for lumbar drainage and 
may grant surgeons the confidence to perform a more complete 
surgical resection; however, prospective trials in which the effec-
tiveness of these newer techniques are evaluated have not yet 
been published.

Question 5: Technical Advances:  
Revolutionary or Evolutionary?
Several new chapters deal with innovation and technical advances 
in operative neurosurgery: simulation and robotics (Chapter 19), 
brain retraction (Chapter 24), and visualization and optics 
(Chapter 25). In those chapters, the authors endeavor to place 
these advances in context, evaluate whether they truly deserve to 
be termed “revolutionary,” and attempt to address what effect 
these advances will have on the future of neurosurgery (Fig. I-1).

With regard to the terms revolutionary and evolutionary, many 
investigators make claims for the former but rarely for the latter. 
Revolutionary means a complete or fundamental change. It there-
fore follows that the majority of innovations contributing to 
advances in neurosurgery are evolutionary. Gordon19 reviewed 
examples of revolutionary changes that transformed the 20th 
century: the internal combustion engine, distribution of elec-
tricity, and public health advances. The internal combustion 
engine evolved into the automobile and the airplane; distribu-
tion of electricity enabled the development of household and 
business devices such as the refrigerator and, later, the com-
puter; and public health advances led to the delivery of potable 
drinking water and sanitary collection of sewage. According 
to Gordon’s line of reasoning, a major revolutionary change 
in neurosurgery was Wilhelm Röntgen’s discovery of x-rays, 
and all subsequent events and discoveries were evolutionary, 
including Walter Dandy’s description of ventriculography and 

compared in a contemporary meta-analysis, were that craniotomy 
was associated with a lower rate of recurrence (usually less than 
10%), but rates of morbidity and mortality may be higher with 
this procedure. Twist-drill craniostomy produces the least mor-
bidity, but it is associated with a higher recurrence rate (exceeding 
30% in some studies). Thus the compromise option, bur-hole 
drainage, remains the most commonly used because its morbidity 
and recurrence rates are balanced.12,13 There is high-quality evi-
dence that drains reduce the incidence of recurrence and should 
be used.14

The technical controversies in the use of bur-hole drainage 
are related to the number of bur holes and the type of drain to 
be used (external drain, subperiosteal, or subgaleal). There 
appears to be little consensus in the literature on these points.

Furthermore, the recurrence rates between studies are remark-
ably variable. In studies since the 1990s, the reoperation rate has 
been reduced to a range of 10% to 20%.12 This probably indicates 
that although chronic subdural hematoma is treated as a single 
entity, it is not advisable to perform procedures without tailoring 
treatment according to individual hematoma characteristics. 
Experienced surgeons define treatment on the basis of the 
patient’s age, comorbid conditions present, and imaging charac-
teristics of the hematoma. In studies, researchers have not strati-
fied data for such factors to provide strong evidence-based 
conclusions for treatment in this nuanced manner.

In addition, the role of adjuvant therapies such as steroids 
needs to be better defined. Because the burden of chronic sub-
dural hematoma is likely to rise, outcomes for this common 
neurosurgical condition must be improved.

Question 4: Endoscopy: When Should Transfacial 
Endoscopy or Traditional Open Microsurgery Be 
Used in Skull Base Surgery?
Since the 1990s, neurosurgeons have been increasingly interested 
in approaching various tumors of the base of the skull by using 
a transfacial (transnasal or transmaxillary) corridor. This has been 
the result of enhanced endoscopic techniques primarily devel-
oped and used by and with otolaryngologists to address sinus 
disease and is an extension of the transsphenoidal approach to 
approach other lesions besides traditional pituitary tumors (see 
Chapter 26).

The use of an endoscopic approach to a pituitary tumor was 
first documented by Guiot and associates15 in Paris in 1962. 
Although Bushe and Halves16 reported the first use of the endo-
scope for pituitary tumors in the literature in 1978, the endoscope 
was not used widely until the mid-1990s, when endoscopic sinus 
surgery was universally adopted by otolaryngologists. Neurosur-
geons were attracted to its use by the increased visualization of 
the surgical site and began to explore the possibilities in trans
sphenoidal surgery. Jho and Carrau17 reported on a series of 50 
patients who underwent endoscopic endonasal transsphenoidal 
surgery, with encouraging results. Thereafter, the endoscopic 
approach to transsphenoidal surgery for resection of pituitary 
macroadenomas was adopted rapidly by neurosurgeons.

With the expansion of the transsphenoidal approach to other 
tumors of the skull base,18 the endoscope was an ideal tool to 
apply to these approaches because it offers wide-angle and side-
angle visualization, a capability that is not possible with the 
microscope from below. In addition, there are several advantages 
to approaching anterior skull base lesions from below. For 
example, an anterior endoscopic endonasal transcribriform or 
transplanum approach may confer advantages to anterior skull 
base management for certain meningiomas, depending on size 
and location. Complete resection of hyperostotic bone of the 
olfactory groove, planum sphenoidale, and tuberculum sellae is 
more easily accomplished, and manipulation of neurovascular 
structures and brain retraction on the frontal lobes to increase 
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actual conditions in the operating theater. Advances in virtual 
reality technology are transforming the gaming and other indus-
tries and will soon be applied to simulation of neurosurgical 
procedures. Such advances will not only affect patient safety (see 
Chapter 4) but will probably also have a major positive effect on 
neurosurgery training, at a time when education is being eroded 
(see later discussion).

Should neurosurgeons be concerned about the steady march 
toward the mechanized and robotic future, or do such concerns 
represent the reflex protestations against progress by a generation 
of Luddites who are unfamiliar with emerging technology? 
Without question, potential losses and negative consequence lie 
ahead. In the absence of robotics, surgery is at the end of a spec-
trum that begins with the individual surgeon’s knowledge, mental 
visualization of the neuroanatomy in three dimensions, correla-
tion of the anatomy and imaging, and then activation of personal 
executive function to create a surgical plan. Robotic surgery in 
the future may allow bypass of these important intellectual tasks; 
therefore, when technology fails, surgeons will be left poorly 
equipped to handle certain situations.

We are mindful, however, of how the introduction of the CT 
scanner and MRI, while changing the practice of neurosurgery, 
has had a secondary effect on neurosurgical education and neu-
roanatomy. Before the development of CT and MRI, the popu-
larity of neuroanatomy was in decline, considered a nice bit of 
knowledge to acquire (comparable to knowing the distinction 
between Doric, Ionic, and Corinthian columns), but not thought 
to be essential to the practice of neurosurgery. The “imaging 
studies” before CT were pneumoencephalography and ventricu-
lography. These techniques required some knowledge of the 
cerebral ventricles and, in general terms, what could displace 
them, but knowledge about the brain outside of the ventricles was 
still sparse. With the introduction of CT and MRI, knowledge of 
neuroanatomy became a necessity, not a luxury, and led to a vastly 
increased emphasis on neuroanatomy teaching and research. This 
is reflected in the expansion of chapters devoted to anatomy in 
the 7th edition of Youmans and Winn Neurological Surgery.

Visualization and Optics
Most neurosurgical procedures on the brain, spine, or peripheral 
nerves as of the second decade of the 21st century remain “open” 
surgeries involving direct vision and similar to those performed 
by Harvey Cushing in the second decade of the 20th century. Ted 
Kurze’s introduction of the microscope into the neurosurgery 
operating room, as well as subsequent refinements by Raymond 
M.P. Donaghy, Gazi Yaşargil, Albert L. Rhoton, and other inno-
vative pioneers, fundamentally expanded the neurosurgical oper-
ative universe. Less well recognized and documented is the role 
that illumination has played in advancing microneurosurgery.

In their insightful Chapter 25, on visualization and optics, 
Sorenson and colleagues correct this deficit in recognition by 
reviewing the development and current status of lighting  
for microsurgery; they also review the past and current status  
of optics. Obviously, without adequate light, microscopic neuro-
surgery would be impossible. Similarly, lack of light initially 
impaired the widespread use of endoscopes (see the earlier section 
“Question 4: Endoscopy”).

According to the analysis of Sorenson and colleagues, lighting, 
rather than optics, is rate limiting for the development of mag-
nification more powerful than what is used today, which is based 
primarily on human vision. Increasing the power of illumination 
has limitations related to effects on tissue and the inability to 
discriminate difference in contrasts. Sorenson and colleagues 
believe that the use of digital technology and high dynamic range 
(HDR) imaging will replace the current optical systems. Such 
tools could ensure superb illumination and focus that will exceed 
today’s optic systems, which are dependent on human vision 

pneumoencephalography (1918/1919), António Egas Moniz’s 
achieving opacification of the carotid artery (1927), and Sir 
Godfrey Hounsfield’s development of the CT scanner (1973).

Before physicians attempt to predict the future, it would be 
wise to remember that “rational prediction of future develop-
ments is, to some degree, an oxymoron. Predictive accuracy 
would probably be higher with Isaac Asimov* and other science-
fiction writers than with academics limited by conditioned skepti-
cism.”21 It would also be prudent to remember Bergland’s 
1973 article “Neurosurgery May Die,” published in the New 
England Journal of Medicine.22 Unlike Bergland, modern neuro-
surgeons can use the “retrospectoscope” to see that almost simul-
taneously with the publication of Bergland’s article predicting the 
demise of this specialty, Hounsfield and James Ambrose were in 
the midst of perfecting the CT scanner. The CT scanner and 
MRI, while evolutionary only from a technology perspective, 
nevertheless had a revolutionary effect on neurosurgical practice. 
These devices profoundly expanded the scope of neurosurgery 
and prevented its demise. However, Bergland based his predic-
tion on the failure of neurosurgical education and, as will be 
discussed later, he may be correct about future difficulties ahead 
for neurosurgery.

Simulation and Robotic Surgery
In 1921, Karel Capek, a Czech playwright, introduced the term 
robots, using it to mean forced labor; today this term applies to 
tools that can perform a variety of tasks under the direction of a 
human or computer. The first robotic application in the realm of 
surgery was in 1988 in neurosurgery—for needle biopsy.23 Since 
then, robotics have been applied widely in radiosurgery and, to a 
lesser extent, in spinal and cranial surgery. However, few studies 
have demonstrated a clear advantage to robot-assisted surgery 
across the breadth of surgery.

Instead of surgery itself, perhaps the major application for 
robotics in the near term will be in simulation and training, as 
noted in Chapter 19; however, neurosurgeons and engineers need 
to make significant progress before virtual operations simulate 

*A famous science fiction writer who popularized the term robotics 
in 1941.20

Figure I-1. Four phases of acceptance of innovation. Phase 1: 
Creation/Development, (C/D). Phase 2: Unrestricted Skepticism (US). 
Phase 3: Unrestricted Enthusiasm (UE). Phase 4: Appropriate 
Utilization (AU). The duration of each phase is highly variable. With 
medical innovation, the transition from phase 3 to phase 4 may be 
prolonged, or phase 4 potentially may never be achieved. 
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potential clinical application. Optogenetics is a laboratory tool 
that involves the expression of light with cellular activation and 
allows real-time insights into the basic physiologic mechanisms 
of neural networks in the brain.

The glymphatic system is a network of perivascular pathways 
throughout the brain along which CSF recirculates through  
the brain parenchyma and interstitial fluid (ISF) solutes are 
cleared to CSF. This novel concept may help explain physiologic 
activities such as memory acquisition and has profound implica-
tions about several clinical entities such as Alzheimer’s disease, 
brain edema, and hydrocephalus.25,26 Accordingly, we think it is 
important to draw neurosurgeons’ attention to the glymphatic 
system.

Because the brain and spinal cord lack a conventional lym-
phatic vasculature, classical lymphatic functions such as intersti-
tial protein homeostasis and immune surveillance are thought to 
occur through the interactions between the CNS extracellular 
fluid compartment and the CSF compartments. According to the 
“CSF sink hypothesis,” articulated by Oldendorf and Davson27 in 
the middle of the 20th century, interstitial wastes from CNS were 
eliminated through the exchange of ISF with CSF and the sub-
sequent reabsorption of CSF into the bloodstream. However, 
more recent data by Iliff (who began his investigatory career in 
a neurosurgery laboratory right after high school28) and his col-
laborators have mandated revision of the basic elements of this 
classical model of CSF-ISF exchange.29,30 The characterization 
of classical lymphatic vessels associated with dural sinuses  
and vasculature on the margins of the CNS suggests that waste 
clearance and immune surveillance may be taking place in a much 
more complex manner than previously believed. These data  
have demonstrated that the process of CSF-ISF exchange is  
both more organized and more functionally consequential than 
previously realized.

Using dynamic imaging approaches in rodents, researchers 
have demonstrated that, contrary to the conventional view of 
CSF circulation and reabsorption, a substantial proportion of 
CSF from the subarachnoid compartment recirculates back into 
and through the brain parenchyma along perivascular spaces sur-
rounding penetrating cerebral arteries, rapidly exchanging with 
surrounding ISF. Interstitial solutes, in turn, are cleared from the 
brain along a distinct set of perivascular pathways surrounding 
large-caliber draining veins, including the internal cerebral vein. 
The exchange of CSF and ISF along these perivascular pathways, 
driven in part by arterial pulsation, supports the clearance of 

alone. In addition, they envision the development of systems that 
will allow the neurosurgeon to “see through the brain,” truly 
“image”-guided surgery, and they even foresee the introduction 
of detached remote visual techniques. Such developments, like 
the effect of digital cameras on photography, are destined to 
expand the current microsurgical world.

Brain Retraction
Is old technology with staying power no longer critical in today’s 
“micro”/“endo” world of neurosurgery? Improvements in visual-
ization may have a secondary effect by altering the degree of and 
even the need for brain retraction (see Chapter 24). As with the 
case of illumination, the development of retractors specialized for 
neurosurgery contributed to the expansion of microsurgery. As 
outlined in Chapter 24, replacing handheld retraction with self-
retaining systems increased the surgeon’s manual options. One- 
or three-handed surgery was expanded to two- or four-handed 
procedures and undoubtedly increased patient safety. The neuro-
surgery literature has largely ignored the contribution of self-
retaining retractors to patient safety.

Although retractors are universally used in neurosurgery, the 
science of brain retraction and the causes of retraction injury are 
not as well studied. Few laboratory-based studies have docu-
mented the pressure/duration limits of neural tissue or biologic 
strategies designed to decrease retraction injuries. Mechanical 
and engineering advances have been made in retractor design, 
but on-line pressure-sensing retractors remain primitive. The 
increasing advocacy for minimal retracting techniques may reflect 
the acknowledgment and underreporting of the frequency of 
retraction injuries. Minimal retraction methods may also be 
related to more radical skull base dissection and advances in 
anesthesia methods to maximize brain relaxation.

The correct, rational, step-by-step application of retractors is 
based on achieving appropriate exposure with minimal risk to 
neural tissue while simultaneously enabling operating surgeons’ 
access. Success or failure may depend on initial placement of the 
head holder and subsequent stabilization of the flexible arms. 
These seemingly minor steps can optimize surgical access or, if 
retraction is incorrectly applied, result in significant neural injury. 
An infrequently recognized truth is that brain retraction does 
indeed involve an art, as well as a science.

In summary, historic and more recent technical advances in 
neurosurgery have been impressive, but in the current and future 
environment, there remains the risk of overreliance on technol-
ogy. As with humans, technology can fail and, at some point, the 
individual neurosurgeon must recognize this failure. For example, 
as reported in the Daily Mail,24 a woman, planning to drive to a 
railroad station 38 miles from home, instead drove 900 miles over 
2 days because she slavishly followed the incorrect directions 
provided by her global positioning system (GPS) device (Fig. I-2). 
The ability to recognize technology-related errors is dependent 
on previous training and education, as well as common sense. As 
indicated previously and discussed in detail subsequently, training 
and educational exposure are being constrained. The combina-
tion of increased dependency on technology and constriction in 
clinical training may be a lethal mixture.

Question 6: Advances in Basic Sciences: New 
Information and Possible Clinical Implications
As noted previously in the preceding discussion, revolutionary 
changes occur infrequently in neurosciences and neurosurgery; 
evolutionary changes are more common. We would describe 
Chapter 45 (“Optogenetics and Clarity,” by Fenno, Hsueh, 
Purger, and Kalanithi) and Chapter 54 (“Extracellular Fluid 
Movement and Clearance in the Brain: The Glymphatic Pathway,” 
by Iliff and Penn) as having revolutionary content that has 

Figure I-2. Drive of 38 miles to a local train station became 
a 900-mile, 2-day journey (red arrows) because of the driver’s 
adherence to erroneous directions by a global positioning  
system (GPS). 
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Many different kinds of brain disease can interfere with fluid 
movement. For example, cerebral edema probably affects the 
dimensions of extracellular pathways, whereby the dimensions of 
the extracellular compartment are increased by vasogenic extra-
cellular edema and decreased by neurotoxic edema with cellular 
swelling. In hydrocephalus, tissue edema around the ventricles 
and tissue compression of the cortex also change these flow pat-
terns. Likewise, brain tumors change the pattern of flow because 
of tissue compression and breakdown of the blood-brain barrier. 
Successful therapeutic interventions, such as delivering medicines 
to gliomas, are highly dependent on flow patterns.

Convection within the extracellular compartment must be 
considered for effective delivery of therapeutic molecules to CNS 
targets through the CSF via intracerebroventricular or intrathecal 
infusion, directly within CNS tissue by convection-enhanced 
delivery, or across the blood-brain barrier. Perivascular solute flux 
is a key determinant of therapeutic distribution through CSF 
compartments. Thus a greater understanding of the mechanics 
and determinants of perivascular fluid movement will help sur-
geons optimize therapeutic delivery. A better understanding of the 
effects that aging, brain injury, or other pathologic processes have 
on these dynamics will enable more accurate drug delivery. In 
principle, drug delivery methods could be adapted to the indi-
vidual patients once the dynamics of CSF and ISF flow are known.

Question 7: What Should Be the Neurosurgical 
Involvement in the Critical Care Management of 
Neurosurgical Patients?
Critical care medicine has developed as a specialty to diagnose, 
treat, and prevent life-threatening illnesses that necessitate inva-
sive monitoring, as well as pharmacologic and mechanical organ 
support. Since the era of Harvey Cushing, neurosurgeons have 
been integrally involved in the delivery of critical care to their 
patients. Since 2000, interest in the management of neurosurgical 
patients in the ICU has intensified in several specialties. These 
units are now referred to as “neurocritical care units” but were 
previously referred to as “neurosurgical ICUs,” which repre-
sented the predominance of the patients that occupied the  
beds. In North America, several professional associations in  
neurology established a certification council as a mechanism to 
codify subspecialties, accredit training programs, and certify 
physicians—all laudable goals. They defined neurocritical care as 
such a subspecialty.

This career path represents a significant opportunity for neu-
rosurgical trainees. With the accreditation from the Committee 
on Advanced Subspecialty Training (CAST) of the Society of 
Neurological Surgeons, neurosurgery has a comparable mecha-
nism for accreditation of programs and certification of trainees. 
About one critical care position is created by the business gener-
ated by four practicing neurosurgeons: a considerable opportu-
nity for neurosurgery as a specialty.

Within neurosurgical residency in the United States, critical 
care training is now formally included within the curriculum, and 
competency is monitored by the residency program director and 
tested in certification examinations (both written and oral) by the 
American Board of Neurological Surgery. This has been a con-
certed effort on behalf of neurosurgery organizations to empha-
size the importance of critical care management in the training 
of a contemporary neurosurgeon. With the parallel effort of other 
specialties, such as neurology and anesthesia, it is yet unclear 
whether these units will be staffed by multidisciplinary groups or 
primarily by neurosurgeons. What is also unresolved is whether 
such an interest in critical care training for neurosurgery resi-
dents will be embraced in other countries. The neurosurgeon has 
a unique responsibility and necessary role in managing and coor-
dinating care for patients in the neurocritical care unit, which 
should not be abrogated.

interstitial solutes, including metabolic wastes and pathologic 
substrates such as amyloid β peptide and tau protein.

Perivascular spaces therefore function as a crossroads in the 
CNS, in which, in proximity to the blood-brain barrier, the extra-
cellular compartment of the CNS interacts with the peripherally 
communicating CSF. Fluid exchange along these perivascular 
pathways is supported by astrocytic water transport. Astrocytes 
express large amounts of the water channel aquaporin-4 in peri-
vascular end-feet that ensheathe the cerebral vasculature, which 
helps organize water movement within the CNS along the axis 
of the cerebral vasculature, in a manner similar to the way that 
water diffusion organizes along axons in white matter tracks. 
Disruption of aquaporin-4, or its perivascular localization, slows 
perivascular CSF-ISF exchange and impairs the clearance of 
interstitial solutes from brain tissue.

Researchers have also shown that glymphatic function is a 
feature primarily of the sleeping brain, inasmuch as perivascular 
CSF-ISF exchange and the clearance of interstitial solutes, 
including amyloid β peptide, are dramatically slower in the awake 
brain than in the sleeping brain. In an intriguing finding, elec-
trophysiologic measurements suggested that during slow-wave 
sleep, the brain extracellular space increases in volume, facilitat-
ing more rapid solute diffusion and perivascular exchange. These 
findings suggest that the clearance of extracellular wastes may be 
one of the physiologic bases of the restorative functions of sleep.

From a physiologic perspective, the clearance of extracellular 
wastes and the reabsorption of interstitial proteins are basic and 
essential elements of organ function. Within the CNS, with its 
high rate of metabolic activity and neural cells’ sensitivity to 
changes in extracellular environment, the glymphatic pathway is 
probably a key contributor to basic brain function. In addition to 
facilitating the efflux of solutes that cannot be locally degraded 
or cross the blood-brain barrier, the glymphatic system probably 
provides a route along which signaling molecules, such as trophic 
factors, neuropeptides, and neuromodulators, are distributed 
through different brain regions. The association of the choroid 
plexus and dural vasculature—known nodes of peripheral immune 
cell trafficking—with the CSF and perivascular spaces of the 
glymphatic system suggests that these anatomic features consti-
tute an integrated system that facilitates peripheral immune sur-
veillance of the brain without breaching the relative “immune 
privilege” of the CNS.

Because glymphatic function underlies basic elements of brain 
function, it is likely that its dysfunction contributes to the devel-
opment or progression of many different pathologic states. 
Glymphatic function, including the clearance of interstitial 
amyloid β peptide, slows in the aging brain, which suggests that 
age-related decline in its function may underlie the vulnerability 
of the aging brain to neurodegenerative disease characterized by 
misaggregation of different protein species, including amyloid β 
peptide and tau protein in Alzheimer’s disease or α-synuclein in 
Parkinson’s disease and Lewy body dementia. Similarly, glym-
phatic function is impaired in the young brain after traumatic 
brain injury, which may promote the development of neurode-
generation, including Alzheimer’s disease or chronic traumatic 
encephalopathy, in the decades after traumatic injury.

In addition to its impairment after traumatic brain injury, 
glymphatic function is compromised after cerebral ischemia and 
subarachnoid hemorrhage, according to the results of several 
experimental studies. The failure of interstitial solute and fluid 
efflux in the setting of blood-brain barrier disruption may support 
the formation and persistence of cerebral edema after neurovas-
cular injury. Conversely, the creation of an oncotic sink within 
edematous brain tissue may disrupt wider glymphatic pathway 
function, exacerbating the local effects of brain injury.

The emerging understanding of the glymphatic system and 
interactions between the CSF and ISF compartments along peri-
vascular pathways has important implications in neurosurgery. 
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After all, neurosurgery training is not an abstract concept; in 
essence, the goal is to prepare the individual for the practice 
of neurosurgery, an environment in which hour restrictions 
currently do not apply.

•	 Furthermore, many advocates predicated the need for DHRs 
on the assumption that fatigue, caused by sleep deprivation, 
compromised patient care; they assumed that DHRs would 
improve patient safety. These advocates ignored the existing 
data derived from two decades of DHRs in the state of New 
York and the lack of improvement in hospital errors. Further-
more, a study from 1995 on surgical residents failed to dem-
onstrate that fatigue affected patient errors or outcome,33 and 
these results were further supported by a later study of neu-
rosurgery residents and manual skills.34 After 2003, when the 
ACGME instituted DHRs, the preponderance of studies 
across many disciplines have failed to demonstrate the hoped-
for improvement in patient care,35 even with modification of 
the DHRs.36 In contrast, in several neurosurgical studies, 
DHRs have had a negative effect on patient care.37-42 For 
example, in a novel study, Dumont and associates41 evaluated 
meningioma resection before and after implementation of 
DHRs and demonstrated an increase in complication rates in 
academic units, but not in nonteaching institutions in which 
DHRs were not in effect.

•	 Another promised benefit of DHRs was that residents would 
have more time for education and research. The opposite has 
occurred because limitation on hours applies to time spent 
both in teaching and in patient care.42 In neurosurgery, surveys 
of faculty members yielded uniformly negative responses 
about the influence of DHRs on teaching both inside and 
outside the operating room.42 An objective measurement of 
the effect of DHRs is the decrease in residents’ performance 
on in-service examinations for self-assessment, administered 
by the American Board of Neurological Surgery.42,43 In addi-
tion, many neurosurgery residencies restricted their research 
exposure for residents, with the resultant decrease in the 
number of resident-presentations at national neurosurgery 
meetings.42

•	 House officers have high rates of depression, suicides, and job 
burnout. Consequently, another motivation for the introduc-
tion of DHRs was the concern for the well-being of residents. 
However, studies have uniformly failed to demonstrate an 
improvement in psychological difficulties or job burnout in 
house staff after institution of DHRs.44,45

In summary, DHRs have failed to achieve the intended goals 
of improving patient care or the well-being of house staff. Over 
the long term, in neurosurgery and perhaps other specialties, 
compromised inpatient care will potentially continue, and society 
will come late to recognize that organized medicine failed to 
anticipate the unintended adverse effect of DHRs. Specifically for 
neurosurgery education, the implementation of DHRs has had 
three negative effects: diminution in the overall educational 
emphasis, constraint on flexibility of individual training, and a 
deemphasis on research. These three negative effects echo the 
concerns that Bergland22 raised in his 1973 article.

See a full reference list on ExpertConsult.com

Question 8: Neurosurgical Education and Training: 
Have Duty Hour Restrictions Accomplished the 
Goals Envisioned by Those Who Advocated for 
Changes in Neurosurgery Training?
One of the most important goals of the 7th edition of Youmans 
and Winn Neurological Surgery and of this section is educational: 
to provide comprehensive, up-to-date, neurosurgically relevant 
information to neurosurgeons in practice and in training. Time 
alone will not convert those in training to those in practice. This 
transformation requires what constitutes “training”: the acquisi-
tion of knowledge, judgment, and technical skill.

Historically, training in neurosurgery grew out of general 
surgery, as did the discipline as a whole. In the Cushing and post-
Cushing era, full training in general surgery preceded a 1- to 
2-year experience in neurosurgery with the educational mode 
akin to an apprenticeship. Before and after World War II, 
specialty-specific residency training evolved into a more orga-
nized educational experience with a specified number of years in 
duration. Daily work hours were not constrained except by the 
duration of a day.

As residencies evolved, so did organizations designed to 
provide oversight and regulation of postgraduate training. As a 
result of a tragic case in the mid-1980s, the state of New York 
investigated working conditions and supervision of house officers 
and, through subsequent legislation, limited work hours of house 
officers to 80 hours per week. Adding to the general public 
concern was a study issued in 2000 by the U.S. Institute of Medi-
cine titled To Err Is Human: Building a Safer Health System.31 This 
study suggested that 50,000 to 100,000 hospital-based deaths 
occurred in the United States each year in relation to errors. In 
2003, the Accreditation Council for Graduate Medical Education 
(ACGME) enacted (and, in 2011, modified) duty hour restrictions 
(DHRs) that affected all medical residencies in the United States. 
These DHRs were not unique to the United States, inasmuch as 
similar but more constraining regulations were instituted in 
Europe and the United Kingdom. The changes mandated by the 
ACGME were envisioned as decreasing patient-related errors 
and improving resident well-being without compromising resi-
dent education and training; however, as outlined as follows, 
those advocating for change in duty hours appear to be incorrect 
in their underlying assumptions:

•	 The ACGME assumed that mastering different disciplines 
was identical to training required for postresidency work. 
Common sense would dictate otherwise, and yet DHRs were 
identical for disparate specialties such as dermatology and 
neurosurgery. In the nonmedical world, no one questions that 
training differs according to the task; whether for the Bolshoi 
Ballet or a baseball team.

•	 As in specialties, differences exist among individuals in their 
ability to tolerate sleep deprivation, a trait that may be related 
to adenosine receptor sensitivity.32 Individuals choosing to 
enter specialties known to require long hours and conditions 
in which sleep deprivation is common may self-select a career 
in neurosurgery. Moreover, substantial human and animal data 
demonstrate that individuals can expand their ability to toler-
ate sleep deprivation. Training in neurosurgery should focus 
on development of coping skills related to sleep deprivation. 
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PART 1	 History

1	 Historical Overview of Neurosurgery
James Tait Goodrich and Eugene S. Flamm

Neurosurgery, as a subspecialty in general surgery, is a very recent 
development, having occurred only in the latter half of the 19th 
century. Three critical developments and concepts had to occur 
for neurosurgery to become a specialized subspecialty: anesthesia, 
antisepsis, and cerebral localization. All three of these develop-
ments occurred over less than 40 years (the 1840s to the 1870s). 
In this chapter, the underlying theme is that neurosurgery 
advanced as surgeons obtained a better understanding of the 
anatomy and pathophysiology of the nervous system, a goal that 
continues to be followed today.

This concept was clearly provided in 1602 by William 
Clowes,1 a leading surgeon of the Elizabethan age. Clowes 
invoked a challenge that neurosurgeons must still overcome, even 
in the age of computerized imaging, microsurgery, and functional 
neurosurgery:

Those which are Masters and Professors chosen to performe the 
like operation, ought indeede to have a Lyons heart, a Ladies hand, 
and a Haukes eye, for that it is a worke of no small importance.

Hippocrates, the father of medicine, had even further detailed 
this concept when he stated, “Nullum capitis vulnus contemnen-
dum est”: no head injury should be considered trivial.2

NEUROSURGERY IN THE PREHISTORIC PERIOD
Neurosurgery is, in many ways, one of the most ancient of profes-
sions. Early humans clearly recognized that to bring down an 
enemy, a blow to the head was the quickest means. To accomplish 
this goal, a number of weapons and, in particular, clubs were 
fashioned to inflict these injuries. Numerous anthropologic col-
lections around the world include examples of skulls with head 
injuries; more remarkable are a number of skulls with successful 
trephinations: that is, the patient clearly survived the surgical 
opening of the skull.3-5 From some cultures, such as early Peru-
vian communities, there exist many skulls that show evidence of 
trephinations, in most cases for reasons that remain unknown. 
Paul Broca (1824-1880) in the mid-19th century was one of the 
first to speculate that this procedure was performed for religious 
or medical reasons, but there is no documentation for why these 
procedures were done. It has become apparent that the surgical 
skill for performing a trephination was worldwide; there are 
examples from virtually every major civilization, some dating 
back approximately 12,000 years. There are three common 
methods for performing a trephination: (1) scraping away the 
bone, (2) drilling a series of small holes and connecting them, and 
(3) making cross-hatch cuts in the bone and connecting them to 
remove a rectangular piece of bone. A trephine skull on which 
the scraping technique was used, from the early Chimu culture 
in Peru, and two examples of the typical tool used to perform the 
scraping (called a tumi) are illustrated in Figure 1-1.

ANCIENT EGYPTIAN NEUROSURGERY
The earliest known written documents that relate to early neu-
rosurgery date from the ancient Egyptian period. During this 
period, which covered approximately 30 successive dynasties, the 
earliest known practicing physician and Egyptian polymath lived: 

Imhotep, or Ii-em-Hotep (c. 2650-2600 bc). So powerful was 
Imhotep’s influence that he was given divine status after his death. 
This period of history has provided the earliest known existing 
medical and surgical writings. Three Egyptian papyri that have 
relevance to medicine still exist: the Ebers, Hearst, and Edwin 
Smith papyri.6-8

According to these Egyptian papyri, the practice of medicine 
was based largely on magic and superstition. Medical and surgical 
treatment relied on simple principles, whereby nature provided 
restoration of health with little intervention and mostly observa-
tion with simple mendicants. Of interest to modern neurosur-
geons is the concept that the Egyptians realized that immobilization 
in a neck or back injury was important in reducing further injury. 
These early physicians commonly prescribed and applied splints 
for treatments.

The oldest medical text dates from this early civilization and 
was written in the 16th century bc, approximately 300 years after 
Hammurabi. This text, now called the Ebers papyrus, includes 
more than 100 pages of hieratic writing and is of interest for its 
extensive discussions of contemporary surgical practice. Included 
are discussions of the removal of tumors, along with recommen-
dations for the surgical drainage of abscesses.6

The oldest work that deals extensively with medical and surgi-
cal techniques to deal with traumatic injuries is the Edwin Smith 
papyrus. Edwin Smith was from New York but had moved to 
Luxor, Egypt, to become an antiquities dealer; he acquired this 
papyrus in 1862. Smith spent considerable time translating the 
document into English. This didactic work appears to have been 
intended to be a surgical textbook. It was originally written 
during the time of the New Kingdom. This papyrus scroll is 15 
feet in length and 1 foot in width and is written in a cursive 
hieratic script. The surviving text consists solely of a list of 48 
cases, including 22 cases of injuries to the spine and cranium. 
There is even a case of a cranioplasty (Case 9), discussed along 
with what might be the earliest reported case of neurofibroma-
tosis (Case 45). Each case is discussed with a diagnosis, followed 
by a formulated prognosis. As a result of scholarly research by 
Professor James Henry Breasted, this papyrus was translated 
again in 1930 from the original hieratic script. More recently 
(2012), a neurosurgeon (Gonzalo M. Sanchez) and a hieratic 
script expert (Edmund S. Meltzer) collaborated on reinterpreting 
the document and provided a more detailed medical/surgical 
explanation of the various cases. The papyrus is now in possession 
of the New York Academy of Medicine.8-10 The following two 
cases show the insight and some of the techniques illustrated in 
this early historical papyrus9:

Case Two
Title: Instructions concerning a gaping wound in his head, 

penetrating to the bone.
Examination: If thou examinest a man having a gaping wound 

in his head, penetrating to the bone, thou shouldst lay thy hand 
upon it and thou shouldst palpate his wound. If thou findest his 
skull uninjured, not having a perforation in it….

Diagnosis: Thou shouldst say regarding him: “One having a 
gaping wound in his head. An ailment which I will treat.”

Treatment: Thou shouldst bind fresh meat upon it the first 
day; thou shouldst apply for him two strips of linen, and treat 
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1ABSTRACT
The field of neurosurgery is a very recent one, having developed 
only as a subspecialty at the end of the 19th century. The profes-
sion dates back to origin of Homo sapiens. Conflicts, falls, battles, 
and other events all have led to various forms of head injuries and 
trauma; people quickly realized that a blow to the head was the 
quickest way to bring down an enemy or an animal for food. 
Trephinations of the skull have been found in human skulls more 
than 10,000 years of age. This chapter is a review of neurosurgery 
dating to antiquity. In accordance with various schools of surgery 
and medicine, the development of neurosurgery is detailed from 
the writings of surgical experts and various schools of teaching 
around the world. Formal medical education begins with the 
Greek schools of the Asclepiads and Hippocrates. Greco-Roman 
surgeons such as Galen of Pergamon used the spoils of war and 
gladiators to learn human and animal anatomy and then the 
surgical skills to treat the surgical injuries. During the Byzantine 
era, the Islamic schools and Arab teachers codified much of the 
medical and surgical knowledge of antiquity. Although the medi-
eval period in Europe led to the development of some strong and 

interesting surgical theories, few advances were made in dealing 
with head injuries. With the Renaissance came a better and more 
accurate understanding of human anatomy and, in particular, a 
better understanding of the brain and its underlying function. 
Modern experimental medicine and science began with the 
learned societies of Europe and some leading scientists and physi-
cians. However, advancements in a field of surgery depended on 
three critical developments and concepts: anesthesia, antisepsis, 
and cerebral localization. No surgeon could operate on the brain 
without sufficient knowledge of the anatomic location of the 
lesion. The operation could be safely performed only with an 
anesthetized patient and good antisepsis. Before antiseptic tech-
niques were developed, more than 85% of treated patients died 
of some type of sepsis. The 20th century led to the development 
of modern neurosurgery. With better instrumentation, diagnostic 
equipment, and superbly trained surgeons such as Harvey 
Cushing, the specialty of neurosurgery came into being. This 
chapter details the schools of teaching that led to the develop-
ment of neurosurgery as a profession and the prominent indi-
viduals involved.
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School in 300 bc. For the first time, open anatomic dissection 
was incorporated into formal lectures.11 The concept of a surgeon 
performing surgery on the head and spine also became formal-
ized for the first time. Because of sporting injuries, particularly 
gladiator injuries, and wars, head injuries were clearly plentiful 
and provided ample opportunities to develop the early skills of 
neurosurgery.

The earliest medical writings from this period are those of 
Hippocrates (c. 460-370 bc), the most celebrated of the 
Asclepiadae.12-14 Classical philologists consider that many of the 
writings attributed to Hippocrates were in reality composed by 
members of the Hippocratic School. The Hippocratic collection 
includes clinical cases based mainly on observation, and in most 
cases, only the simplest of theories are offered. The many neu-
rological cases within the Hippocratic corpus reveal that the 
understanding of head injury was rather sophisticated. Hip-
pocrates was the first to describe a number of neurological inju-
ries, most resulting from battlefield injuries. The vulnerability of 
the brain to injury was categorized by location in the brain, from 
lesser to greater, with injury to the bregma being represented as 
a higher risk than one to the temporal region, which, in turn, was 
more dangerous than an injury to the occipital region.14-16 Hip-
pocrates devoted a full chapter to injuries of the head, De capitis 
vulneribus, which deals with the diagnosis and management of 
head injuries and is the first systematic work devoted to head 
injuries. He divided head injuries into five categories that were 
based on the details of the skull fracture. Five types of fractures 
are described: linear fracture, contusion, depressed fracture, 
hedra (or dent) occurring with and without fracture, and contre-
coup fracture.14 The neurological condition of the patient was 
not thought to have any bearing on the surgical indications. 
Surgery was advised according to the type of fracture. The greater 
the injury to the skull, the less was the need for trephination. The 
technical aspects of the process of trephination are presented in 
a curious mixture of sound advice and incomprehensible admoni-
tions (Fig. 1-2).

The Hippocratic writings contain numerous anatomic descrip-
tions, even though human dissection appears not to have been 
routinely practiced. The Greeks also were without an anatomic 
vocabulary, not to be introduced until Galen standardized the use 
of the Latin language in medicine. These deficiencies combined 
to limit any standardized anatomic procedures or the practice of 
surgery. Despite these drawbacks, the Hippocratic writings 
contain a number of interesting neurological case studies that 
reflect a view of the early practice of neurosurgery (Fig. 1-3).

One of the earliest descriptions of subarachnoid hemorrhage 
appears in the Aphorisms17,18:

When persons in good health are suddenly seized with pains in 
the head, and straightway are laid down speechless, and breathe 
with stertor, they die in seven days, unless fever comes on.

Hippocrates and his followers also warned against incising the 
brain, as convulsions can occur on the opposite side and render 
the prognosis especially serious. Hippocrates advised against 
making an incision over the temporal artery, because this could 
also lead to contralateral convulsions. The writings of Hippo-
cratic schools demonstrate the simple concepts of cerebral local-
ization. Also well understood was the concept of a potential 
critical prognosis in head injury and that sometimes it was best 
not to operate. In this early era of medicine, the risk of infection, 
lack of antiseptic technique, and minimal anesthesia all precluded 
any serious or aggressive surgical intervention in head injury.

Herophilus of Chalcedon
From the region of the Bosporus, among the crowded schools  
of Alexandria, came Herophilus (Herophilos) (335-280 bc), 
a student of Praxagoras and Chrysippus and a member of the 

Figure 1-1. A skull from Peru with a left frontal trephination 
accomplished by the “scraping” technique. The surgeon would use 
the two hand-held Peruvian tumis, positioned in front of the skull. 
These tumis, made of a copper/bronze mix, date from the period 
800-1100 AD. The patient survived the procedure, as indicated by 
evidence of healed bone regeneration at the site. (Courtesy James 
Tait Goodrich, MD, PhD.)

afterward with grease, honey, and lint every day until he 
recovers.

Gloss: As for: “Two strips of linen,” it means two bands of linen 
which one applies upon the two lips of the gaping wound in order 
to cause that one join to the other.

Case Five
Title: Instructions concerning a gaping wound in his head, 

smashing his skull.
Examination: If thou examinest a man having a gaping wound 

in his head, penetrating to the bone, and smashing his skull; thou 
shouldst palpate his wound. Shouldst thou find that smash which 
is in his skull deep and sunken under thy fingers, while the swelling 
which is over it protrudes, he discharges blood from both his 
nostrils and both his ears, and he suffers with stiffness in his neck, 
so that he is unable to look at his two shoulders and his breast…

Diagnosis: Thou shouldst say regarding him: “One having a 
gaping wound in his head, penetrating to the bone, and smashing 
his skull, while he suffers with stiffness in his neck. An ailment not 
to be treated.”

Treatment: Thou shalt not bind him but moor him at his 
mooring stakes, until the period of his injury passes by….

Other than the isolated cases, these remaining papyri provide 
little information about the actual practice of neurosurgery.9,10 It 
is evident from these writings that Egyptian physicians recog-
nized head injury and would elevate a skull fracture if necessary. 
At the same time, if the injury appeared to be too severe, then no 
treatment was advocated. Both the management and the codifica-
tion of head injury were not formalized until the development of 
the Greek schools of medicine (c. 460 bc), by individuals such as 
Hippocrates.

CLASSICAL PERIOD: GREEK AND  
BYZANTINE NEUROSURGERY

Hippocratic School
The intellectual evolution of neurological surgery originated in 
the golden age of Greece with the founding of the Alexandrian 
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neurological contributions included following the origin of 
nerves to the spinal cord anatomically. He was the first to recog-
nize the difference in the motor and sensory tracts. Furthermore, 
he differentiated between nerves and tendons, thereby correcting 
a common earlier error. Herophilus was first to detail the anatomy 
of the brain ventricles and venous sinuses. The description of the 
“confluence of the sinuses,” or torcular herophili (Λανοζ = wine 
press), comes from his early investigations. Herophilus provided 
the first description and naming of the choroid plexus (plexus 
choroides), so named because of its resemblance to the vascular 
membrane (chorion) of the fetus. Herophilus also provided the 
first detailed account of the fourth ventricle and that peculiar 
arrangement at its base that he called the calamus scriptorius 
(Αναγλυφη τχ χαλαµχ), which he described as “resembles a pen 
in writing.” Among his many other contributions was his recogni-
tion of the brain as the central organ of the nervous system and 
the seat of intelligence.20

Herophilus’s writings were not free of errors. An anatomic 
error that remained in vogue for nearly 1800 years was his  
introduction into the anatomic literature of the rete mirabile, 
a structure present in ungulates but notably lacking in higher 
primates. In ungulates this structure acts as an anastomotic 
network at the base of the brain, a structure that the Greeks 
incorporated into the early physiologic theories of brain func-
tion.22 In the 2nd century ad, the rete mirabile was later further 
detailed and elaborated on by Galen of Pergamon. The concept 
of this structure became entrenched in the anatomic literature, 
having been codified by the Byzantine Islamic and later European 
medieval writers, until the 16th century, when it was finally  
challenged in the anatomic accounts of Andreas Vesalius (1514-
1564) and Jacopo Berengario da Carpi (1460-1530).23-25 Both of 
these anatomists, who performed their own human dissections, 
clearly recognized that the rete mirabile did not exist in humans. 
It is possible that the human cavernous sinus confused the  
early writers and they in turn thought that this represented the 
rete mirable.

Aulus Aurelius Cornelius Celsus
Celsus (25 bc-50 ad) was neither a physician nor a surgeon, nor 
was he a bedside practitioner; rather, he was an intellectual patri-
cian and a medical encyclopedist who attempted to compile all 
of the important writings of his time. His writings had an impor-
tant early influence on medicine and surgery. His medical writ-
ings were mostly a compilation of the writings from the schools 

educated dynasty of Ptolemies. According to his writing, Heroph-
ilus performed dissection on humans and not on animals as was 
the common practice then.19-21 The work of Herophilus, along 
with that of Galen later, was key in the task of developing an 
anatomic nomenclature and in forming a much-needed language 
of anatomy. In examinations of the nervous system, Herophilus’s 

Figure 1-2. Title page from the first printed edition of the writings of 
Hippocrates, in 1525. (From Hippocrates. Coi Medicorum Omnium 
Longe Principis, Octoginta Volumina, Quibus Maxima ex Parte, 
Annorum Circiter Duo Millia Latina Catruit Lingua, Gaecivero, Arabes & 
Prisci Nostri, Scripta sua Illustrarunt….Latuita te Donata, Clementi. 
LVII. Pont. Max. Dictata…. Rome: Franciscus Minutius Calvus; 1525. 
Courtesy James Tait Goodrich, MD, PhD.)

Figure 1-3. A, Bust of Asclepius (Aesculapius). B, Temple of Asclepius on the island of Kos, Greece. Kos 
is the birthplace of Hippocrates and the Hippocratic schools of medicine. (Courtesy James Tait Goodrich, 
MD, PhD.)
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lead to vomiting and difficulty in breathing. Injury to the lower 
lumbar spine could cause weakness or paralysis of the legs, as well 
as urinary retention or incontinence.

Galen of Pergamon
Galen of Pergamon (129-200 ad), whose name comes from 
galenos, meaning “calm” or “serene,” is remembered as a powerful 
personality and an original investigator, as well as a leading pro-
ponent of the doctrines of Hippocrates and the Alexandrian 
school. Galen began his writing career at the age of 13 and con-
tinued to add to the literature of medicine, philosophy, mathe-
matics, and grammar until his death at the age of 70. His writings 
remained the most extensive in early antiquity in size, scope, and 
influence. Galen’s prodigious output still accounts for more than 
80% of all the surviving medical writings of antiquity.28 Many of 
his writings and manuscripts, however, were lost in a fire at the 
Temple of Peace in Rome (Figs. 1-5 and 1-6).

Galen’s life and activity occurred during the reigns of two of 
the greatest Roman emperors: Antoninus Pius (86-161 ad; 
reigned 138-161 ad) and Marcus Aurelius (121-180 ad; reigned 
161-180 ad). Galen became the physician to the gladiators of 
Pergamon and, as a result, saw and treated many traumatic inju-
ries. Drawing from both his surgical experiences and anatomic 
studies, he made a number of contributions to the fields of  
neurology, neurosurgery, and neuroanatomy. In his writings, 
Galen differentiated between the pia mater and the dura mater 
and gave one of the earliest accurate descriptions of the corpus 
callosum, the ventricular system, the pineal and pituitary glands, 
the infundibulum, and what is now called the aqueduct of Sylvius. 
Nearly 1600 years before the Scottish anatomist Alexander 
Monro secundus (1733-1817), Galen also described the structure 
now called the foramen of Monro. He performed a number of 
anatomic experiments, including early studies on the effects of 
transection of the spinal cord.29,30 From these studies, Galen was 
able to describe the specific loss of function below the level of 
the transection. In a now classic experiment, he sectioned the 
recurrent laryngeal nerve in dogs and described the hoarseness 

of Hippocrates and the Asclepiadae and from the Alexandrian 
schools. Celsus lived during the height of the Roman Empire. As 
counselor to the emperors Tiberius Caesar and Caligula, Celsus 
was held in great esteem. His book on medicine, titled De Re 
Medicina,26,27 is now considered one of the most important early 
medical documents after the Hippocratic writings. Because  
this work was originally lost, Celsus was one of the few major 
authors whose works were not transcribed by the Islamic/Arabic 
writers. In 1443, an early Celsus manuscript was uncovered by 
Thomas of Sarzanne (later Pope Nicolas V) and reintroduced to 
the medical community. With the introduction of printing and 
moveable type, Celsus’s manuscript became the first medical 
writing to be printed (1478), before even the writings of Hip-
pocrates and Galen. In the De Re Medicina, Book IV, Chapter 10, 
his classic description of inflammation appears: “Notae vero 
inflammationes sunt quattuor, rubor, et tumor, cum calore et 
dolore [There are four signs of an inflammation: redness, swell-
ing, heat, and pain].”

Celsus made a number of interesting early observations in the 
field of neurosurgery. Celsus believed that all surgeons should be 
ambidextrous. Book VIII, Chapter 4, contains one of the earliest 
descriptions of an epidural hematoma resulting from a ruptured 
middle meningeal artery.27 For head-injured patients, Celsus rec-
ommended that the surgeon always operate on the side of greater 
pain. Celsus was a strong advocate for use of the trephine in head 
injuries. He noted that the trephine should always be placed at 
the point where the pain is best localized. Celsus described a 
technique for a craniectomy that involved drilling a number of 
holes and then connecting them with a hammer and chisel. The 
chisel had a protective blade, which separated the dura from the 
bone and prevented injury to it during the surgical dissection. 
However, he regarded the operation of trephination as the 
ultimum refugium, to be used only when all conservative measures 
had been exhausted (Fig. 1-4).

Several interesting neurological conditions are described in 
the De Re Medicina, including accurate descriptions of hydro-
cephalus and facial neuralgia. In accordance with earlier writings, 
Celsus clearly recognized that a high cervical spine fracture could 

Figure 1-4. A, Portrait of Celsus. B, Title page from a 1542 edition of Celsus’s writings. (Courtesy James Tait 
Goodrich, MD, PhD.)
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reliable use of the trephine and argued particularly for continuous 
irrigation to a trephine to avoid delivering excessive heat and 
causing injury to the underlying brain. Galen, following or adapt-
ing earlier Hippocratic views, reiterated the concept that the dura 
should never be violated by the trephine.

Galen was clearly a brilliant physician, surgeon, and early 
innovator in medicine. Unfortunately, Galen’s writings contained 
a number of errors, but the historical world, particularly the 
Byzantine world, later accepted Galen’s writings as the only true 
authority. As a result, Galen’s writings obtained the status of 
unchallengeable medical dogma. Galen’s work on neurology and 
neuroanatomy also remained essentially unchallenged for the 
next 1500 years. For all practical purposes, any relevant new 
investigations ceased altogether from Galen’s death until the 
Renaissance. Some writers have pointed out that Galen was liter-
ally idolized by Arabic/Islamic writers and, later, the physicians 
of the Middle Ages. As a result, Galen’s errors (e.g., writings  
about the rete mirabile) also remained part of the anatomic litera-
ture. Each of these errors or incorrect beliefs were carefully 
repeated and scribed by subsequent Arabic/Islamic and medieval 

that occurred (discussed further in Chapter 7; see also De usu 
partium corporis humani, Book VII, Chapters 11-18).29

Galen was the first to provide an early classification of the 
cranial nerves. In his original classification, he described 11 of the 
12 cranial nerves, but because he combined several, he thought 
the total was only 7. In his descriptions, Galen regarded the  
olfactory nerve as merely a prolongation of the brain and hence 
did not consider it as a cranial nerve.29 Galen published a number 
of interesting views on higher cortical functions, embracing  
views that the brain was responsible for intelligence, fantasy, 
memory, and judgment. In studying muscle contractions, Galen 
made the observation that the stimulus originated in the brain 
and the impulse was carried to the muscle by nerves. These views 
were original and represented an important departure from the 
cardiocentric teachings of the earlier medical and philosophical 
schools such as Aristotle’s. Galen challenged the Hippocratic  
view that that the brain was only a gland and instead attributed 
to the brain the powers of voluntary action and sensation 
(encephalocentric), this last being a remarkable advance in think-
ing for the period.

From a series of anatomic studies, Galen provided some of the 
earliest observations on cervical spine injury and the resulting 
disturbance in arm function. Further study of spinal cord injury 
led to his elegant description of what is now called the Brown-
Séquard syndrome, a hemiplegia with contralateral sensory loss 
that results from a hemisection of the cord.30 Galen provided one 
of the earliest clinical descriptions of hydrocephalus and clearly 
recognized the poor prognosis in affected individuals. Using his 
extensive experience in head injuries, he provided some innova-
tive arguments for elevation of depressed skull fractures, fractures 
with hematomas, and comminuted fractures. Galen was more 
aggressive in his treatment by recommending the removal of 
bone fragments, particularly those pressing into the brain. In 
describing surgical techniques, Galen detailed a safer and more 

Figure 1-5. Portrait of Galen of Pergamon. (Courtesy James Tait 
Goodrich, MD, PhD.)

Figure 1-6. Title page of one of Galen’s important writings on the 
anatomy and physiology of human anatomy. (From Galen of 
Pergamon. De Usu Partium Corporis Humani, Libri XVII. Nicolao Regio 
Calabra Interprete…. Lugduni [Lyons]: Apud Gulielmum Roullium; 
1550. Courtesy James Tait Goodrich, MD, PhD.)
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to have been the first to suggest the possibility that an intraven-
tricular hemorrhage and its “inert fluid” might actually cause 
hydrocephalus:

The hydrocephalic affection…occurs in infants, owing to their 
heads being improperly squeezed by midwives during parturition, 
or from some other obscure cause; or from the rupture of a vessel 
or vessels, and the extravasated blood being converted into an inert 
fluid….

(Book VI, Section 3, page 25032)

One of the reasons for Paulus’s longstanding influence was 
that several of his manuscripts survived and were continuously 
recopied by amanuenses over the centuries. These manuscripts 
depict a number of surgical instruments that he designed specifi-
cally for neurosurgical procedures; these include elevators, raspa-
tories, and bone biters. He also introduced trephine bits with 
conical styles to reduce the risk of plunging, along with different 
biting edges. Because of his sophisticated wound management, 
he probably had better-than-average surgical outcomes. He made 
use of wine-soaked dressings (helpful in antisepsis, although a 
concept then unknown), and he stressed that dressings should be 
applied with no compression to the brain itself.

The Greek and Byzantine periods were eras of intense schol-
arship and original investigation in medicine and surgery and 
produced physicians and surgeons who were intensely interested 
in the better management of their patients. As discussed, indi-
viduals such as Galen of Pergamon, Paulus Aegineta, Herophilus 
of Chalcedon, and members of the Hippocratic school all 
attempted to improve management in head injuries and at the 
same time uncover some of the principles of brain function. 
Unfortunately, as discussed in the next section, further neurologi-
cal investigation and the development of new surgical techniques 
were seriously impaired because of scholarly reverence of these 
earlier writers. Although there were some exceptions to this 
trend, they were distinctly uncommon.

physicians and surgeons. Because of the strength of Galen’s views 
and those of subsequent writers, no one was willing to challenge 
what were clearly anatomic and scientific errors, which had a 
stultifying effect on science and medicine for approximately 1500 
years.

Paulus Aegineta (Paul of Aegina)
Paulus Aegineta (625-c. 6) was a brilliant Byzantine Greek phy-
sician and surgeon who also trained in the Alexandrian school. 
He was an influential compiler of works in both the Latin and 
Greek schools; his writings, especially The Seven Books of Paul of 
Aegineta, were being consulted until well into the 17th century; 
the Compendium was translated into English in the 19th 
century.31,32 His skill as a surgeon, described in the sixth book of 
the Compendium, clearly reflected an unusual understanding of 
surgical principles. His skills became legendary, causing patients 
from far away to consult him. Although Paulus venerated the 
teachings of the ancients as tradition required, he also introduced 
his own techniques with good results. His classic work, The Seven 
Books of Paul of Aegineta, contains an excellent section on head 
injury and the use of the trephine.31,32 Paulus classified skull 
fractures in several categories: fissure, incision, expression, 
depression, arched fracture, and, in infants, dent (what is now 
called a ping pong fracture). In dealing with fractures, he used an 
interesting skin incision: two incisions intersecting one another 
at right angles, forming the Greek letter Χ, one leg of the Χ 
incorporating the scalp wound. For the comfort of the patient 
undergoing a trephination, he would stuff the patient’s ear  
with wool so that the noise of the trephine would not cause  
undue distress (see The Seven Books of Paul of Aegineta, Book VI, 
Section XC32) (Fig. 1-7).

In a contemporary discussion on hydrocephalus, Paul of 
Aegina introduced the intriguing concept that traumatic birth 
delivery and intraventricular hemorrhage were related; he appears 

Figure 1-7. A, Portrait of Paulus Aegineta. B, Title page of the collected works of Paulus Aegineta. (Courtesy 
James Tait Goodrich, MD, PhD.)
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One of the most beneficial teaching methods, and quite 
modern, did arise during the Islamic/Arabic period: the concept 
of bedside medical care and teaching. The relative paucity or lack 
of regular anatomic dissection, along with the prevalent view that 
surgery was performed only by individuals of inferior status, 
inevitably reduced any preoccupation with surgical art. Another 
unfortunate surgical practice that occurred during this period was 
the reintroduction of the Egyptian technique of using the hot 
cautery for control of bleeding. In addition, hot cautery was also 
employed in lieu of the scalpel to create a surgical incision, the 
results of which often proved unfortunate for surgical patients 
(Fig. 1-8).

One of the significant scholars of this period was Rhazes 
(Abu Bakr Muhammad Ibn Zakariya) (865-925). Rhazes was a 
scholarly physician, learned in diagnosis, and a review of his writ-
ings reveals him to be loyal exclusively to Hippocratic teachings. 
Rhazes developed a considerable reputation that led him to 
become a court physician. Rhazes was not a surgeon, although  
he did write on surgical topics.33 Rhazes introduced the use 
of animal gut as a suture material. Rhazes was an early believer 
in the concept of “concussion” and would advocate surgery for 
penetrating injuries of the skull—this in a period when these 
types of surgical outcomes were almost always fatal. Rhazes 
believed that head injuries were among the most devastating of 
all injuries. Because skull fractures could be permanently damag-
ing to the patient as a result of the compression of the brain, his 
surgical advice would be to elevate these depressed areas of the 
fractured skull.

Among the most influential physicians of this period was Avi-
cenna (980-1037), physician and philosopher of Baghdad, also 
known as the chief or “second doctor,” the first being Aristotle. 
Avicenna’s writings and translations clearly extended the original 
Greek influence with a force so persuasive and durable that it 
remained the dominant scholarship until well into the 18th 
century. His greatest contribution must be judged to have been 
the detailed translation of Galen’s collected works, the Opera 
Omnia. Avicenna’s major work, Canon Medicinae, was an encyclo-
pedic effort clearly based on the writings of Galen and Hip-
pocrates.34 The Greek word canon refers to a straight rod, a 
carpenter rule, or standard of measurement. Accordingly, Avi-
cenna’s Canon became the “rule,” the codification of Galen’s and 
Greek medicine. The Canon contains a number of interesting 
neurological discussions. Avicenna provided an early and accurate 
clinical understanding of epilepsy, for which his treatment con-
sisted of administering various medicants and herbals with 
described good results. Avicenna apparently conducted anatomic 
studies, although he did not discuss this directly. He gave a 
correct anatomic commentary on the vermis of the cerebellum 

ISLAMIC/ARABIC MEDICINE:  
PRESCHOLASTIC PERIOD
After the great Greek and Roman periods of medicine, the intel-
lectual centers of this discipline shifted to the Islamic/Arabic and 
Byzantine cultures. This era, “The Golden Age of Islamic Medi-
cine,” had an influence that lasted from approximately ad 750 
until 1200, when the medievalist era began and the influential 
schools of medicine shifted to Europe. Interestingly, this period 
in Europe was intellectually quiescent and unimaginative because 
this area of the world had been overrun and ruled by barbarians 
(Huns, Goths, and Norsemen), individuals not concerned with 
high scholarship. Unfortunately for neurosurgery, this was a 
dormant period; the dormancy prevailed in all facets of surgery. 
The Islamic/Arabic schools were satisfied to codify the surviving 
manuscripts from the Greek and Roman period. Remarkable 
insights were offered, but this was a rather rare phenomenon. 
However, thanks to the zeal of the Arabic amanuenses, the best 
of Greek medicine was made available to Arabic readers by  
the end of the ninth century and remained available into the 
Middle Ages.

Unfortunately, a rigid scholastic dogmatism became charac-
teristic of these learning centers. Rather than offering innovation, 
the “writers” became copyists of the great works of antiquities. 
As a result of their efforts, an amazing number of manuscripts 
were translated from Latin, Greek, and Hebrew into Arabic, and 
knowledge that could have been easily lost into antiquity was 
systemized. Unfortunately, as copyists, these writers frequently 
added their own “favorite” or contemporary view of the manu-
script, and some of the originality was consequently lost in trans-
lation. In fairness to these early copyists, they rendered the 
service of preserving knowledge; in Europe at this time, having 
been overrun by barbarians, scholarly pursuit remained at a 
standstill.

A number of modern writers have offered the view that it was 
the religious influence of the Koran that caused the absence of 
originality and progress in Islamic/Arabic medicine. It has often 
been commented on that the Koran forbade dissection; this is 
only partially correct. Some dissection was allowed and reported 
on by writers of this time. However, as a practical consideration, 
the climate in this part of the world was hot, which caused rapid 
putrefaction of cadavers and made anatomic dissection undesir-
able. The opinion of these schools was that the Greeks had 
already accomplished most of the anatomic studies of interest, 
and so Islamic students of medicine felt no need to duplicate 
these earlier and more superior efforts. There were some rare 
exceptions that are discussed as follows.

In Islamic/Arabic medicine, the concept of a physician dou-
bling as a surgeon was rarely acceptable. The more typical prac-
tice for a physician was to confine himself to writing learnedly 
and assign the “menial” tasks of surgery to an individual of a lower 
class, most typically an apprentice surgeon. As a result of this 
“demotion” of the surgeon to a mere plebian, the advances in 
surgery and anatomy developed by the great Alexandrians, among 
others, were essentially ignored or lost. Fortunately, the writings 
of physicians such as Galen of Pergamon and Paulus Aegineta 
were saved and translated into Arabic, but few new techniques or 
concepts were added.

The dominant period for Islamic scholarship in medicine was 
the 10th through 12th centuries. Several medical scholars rose to 
prominence during this period; among the most illustrious were 
Avicenna (980-1037), Rhazes (865-925), Avenzoar (d. 1162), 
Albucasis (1013-1106), and Averroës (1126-1198). The writings 
of these great physicians reveal an extraordinary effort to canon-
ize the writings of their Greek and Roman predecessors. Rather 
than innovation, these Islamic/Arab scholars and physicians 
became the guardians and academics of Hippocratic, Greek, and 
Galenic writings, which now became dogma.

Figure 1-8. Image from a later copy of a manuscript by Avicenna. 
A physician is depicted applying “red-hot” cautery to a patient’s leg. 
(Courtesy James Tait Goodrich, MD, PhD.)
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made so little progress in surgery. Albucasis attributed this lack 
of progress to a lack of anatomic study and inadequate knowledge 
of the classics. Albucasis clearly believed that anatomic studies 
were the key to learning and certainly key in performing any 
surgical interventions. Although his thoughts on anatomic studies 
were excellent, Albucasis unfortunately popularized the frequent 
use of emetics as prophylaxis against disease, a form of medical 
treatment that survived in the form of “purging” and a medical 
practice that continued until well into the 19th century. So influ-
ential were Albucasis’s surgical writings that they remained in use 
in the schools of Salerno and Montpellier for approximately 500 
years and had an enormous influence on medicine in the Middle 
Ages (Fig. 1-11).

The final section of the Compendium contains a lengthy 
summary of contemporary surgical practice.38-40 Also included in 
this part of Albucasis’s work is a unique collection of illustrations 
of surgical instruments. These illustrations became a long-lasting 
influence, inasmuch as his style of instrument was used exten-
sively in the schools of Salerno and Montpellier and later became 
an important influence in the medieval period. Many of the 
instruments illustrated were probably designed by Albucasis. In 
the text, he clearly described their design, along with technical 
aspects of their use. Following up on the earlier writings of the 
Greeks, he provided a novel design for a “nonsinking” trephine. 
The design for this instrument and others became classic and 
formed the template for many later such instruments. An early 
and apparently unique technical innovation involved placing a 
collar on the trephine in a circular manner, a further and rather 
ingenious design to prevent the trephine from plunging into the 
brain. Some of the instruments were clearly copied from those 
described earlier by Paulus Aegineta, but their practical use was 
further enhanced by their inclusion in the Compendium.

and the “tailed nucleus,” now known as the caudate nucleus. Avi-
cenna’s writings on the treatment of spine injuries and stabiliza-
tion reveal remarkably modern views for this area35-37 (Figs. 1-9 
and 1-10; see also Fig. 1-8).

Whereas Avicenna was clearly the “second doctor,” Albucasis 
(Abu Al-Qasim or Al-Zahrawi) (936-1013), a learned Islamic 
Moorish Spaniard, was clearly the best surgeon of the times. In 
the Islamic tradition, Albucasis was both a great compiler and a 
serious scholar whose writings (≈30 volumes) were focused 
mainly on surgery, dietetics, and materia medica. Albucasis’s 
insights into the importance of surgery are clearly revealed in his 
introduction to the collected works.38,39 In his introduction, Albu-
casis provides an interesting discussion about why Arabs had 

Figure 1-9. Unpublished manuscript leaf from a later collection of 
works of Avicenna. Avicenna is depicted participating in an anatomic 
dissection. (Courtesy James Tait Goodrich, MD, PhD.)

Figure 1-10. An illustration from Avicenna’s Libor Canonis. 
Pictured is a “rack” device for dealing with fractures and injuries to the 
spine. (From Avicenna. Liber Canonis, de Medicinis Cordialibus, et 
Cantica. Basel: Joannes Heruagios; 1556. Courtesy James Tait 
Goodrich, MD, PhD.)

Figure 1-11. An allegorical scene of Albucasis operating in the 
field on an injured soldier. Albucasis is shown removing an arrow 
from a patient’s chest. Described in the 17th-century Scultetus 
monograph on surgery. (From Scultetus J. Xειροπλοθηκη 
[Cheiroplothiki]. Armamentarium Chirurgicum XLIII. Ulm, Germany: 
Balthasar Kühnen; 1655. Courtesy James Tait Goodrich, MD, PhD.)
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Albucasis’s treatise on surgery is an extraordinary work in so 
many ways. The text is rational, comprehensive, well illustrated, 
and designed with the intent to educate the surgeon on details of 
each treatment, neglecting not even the types of wound dressings 
to be used. Albucasis’s techniques of brain surgery, however, were 
extremely crude. In fact, modern readers can only wonder how 
patients would allow themselves to undergo some of his surgical 
practices. For chronic headache, he applied a hot cautery to the 
occiput, burning through the skin but not the bone. Another 
headache treatment he described required hooking the temporal 
artery, twisting it, placing ligatures, and then, in essence, ripping 
it out.

For neurosurgeons, Albucasis identified and described various 
types of spinal injury. Albucasis recognized the seriousness of 
spinal injury, particularly dislocation of the vertebrae. In cases of 
total subluxation, he appreciated that the prognosis was essen-
tially terminal because affected patients demonstrated involun-
tary activity (passing urine and stool), along with flaccid limbs. 
He was quite innovative in dealing with the lesser spinal injuries. 
In his surgical writings, Albucasis described and illustrated some 
of the methods and splints he used for reduction of such injuries. 
To modern readers, some of these techniques might seem to be 
dangerous in design, especially stabilizations that required an 
aggressive combination of spars and winches, as well as a “stretch-
ing” of the spinal column. Following earlier Greek and Byzantine 
views, Albucasis believed that bone fragments in the spinal  
canal should be removed. In reviewing skull fractures, Albucasis 
has an elegant discussion of the pediatric “ping-pong” fracture of 
the skull38:

This is a fracture due to a fall or a blow from a stone and the like, 
making a dent in the surface of the bone and a hollow at the site 
as occurs in a bronze bowl when a blow falls on it and a portion 
of it is pushed in. This mostly occurs in heads whose bones are 
soft, as those of children.

The treatment of hydrocephalus was a vexing problem for 
surgeons and physicians because its outcome was almost always 
fatal. Albucasis recommended drainage of cerebrospinal fluid in 
hydrocephalus via a series of drains and wicks. He designed a 
lenticular shaped surgical tool to make the puncture, which was 
performed over the anterior fontanelle. Having detailed the tech-
nique well, he then noted the outcome is almost always fatal. Of 
interest is that the surgery was not the issue; rather, he attributed 
the poor outcomes to “paralysis” of the brain from relaxation. 
Albucasis cleverly pointed out that the physician must pick the 
site for drainage carefully and must never cut over an artery 
because the potential hemorrhage can rapidly lead to death. Some 
20th century authors have advocated the treatment of hydro-
cephalus by binding the head with tight wraps. Albucasis was 
advocating this form of treatment more than 1000 years ago. For 
a child with hydrocephalus, he would bind the head with a wrap 
and then put the child on a “dry diet” with limited fluid intake 
to help dehydrate the child. In retrospect, this was a rather pro-
gressive and reasonable treatment plan for this disorder.38,39

MIDDLE AGES: THE AGE OF MEDIEVAL  
MEDICAL SCHOLASTICISM
In the early Middle Ages, the influence of the Islamic/Arabic 
schools on medicine was beginning to lessen, along with a geo-
graphic switch in which intellectual centers for medicine were 
forming in Europe. With the advent of medieval scholasticism, a 
new school of thought developed in which philosophical and 
metaphysical explanations and dialectic interpretations became 
prominent in medical schools. One of the preeminent schools 
proposing this view was the School of Salerno in what is now 
Italy.41,42 In much of Europe, the barbarians were still in control, 
but despite that, physicians were being trained, and libraries were 

being built and expanded. Throughout Europe, new medical 
schools were being established at a steady rate.

At the School of Salerno, an early leader in developing medical 
scholasticism was Constantinus Africanus (1020-1087), magister 
orientis et occidentis.42 Constantine provided an important bridge 
in medicine by introducing the scholarship of Islamic/Arabic 
medicine at Salerno and eventually to all of Europe. Constantine 
received his medical education in Baghdad, learning the prevalent 
views of Islamic medicine. He moved to a monastery at Monte 
Cassino, where, in the tradition of this period, he translated 
Arabic manuscripts into Latin. Modern scholars believe that his 
translations were somewhat inaccurate and, as a result, intro-
duced errors in the subsequent medical literature. In reviewing 
some studies, modern historians considered Constantine to be 
mostly a plagiarist and an unreliable translator. However, his 
translation of texts from Arabic to Latin were the earliest transfer 
of Arabic/Islamic medical literature into Europe, which was valu-
able. Nonetheless, because the original Greek texts had been 
translated into Arabic, and Constantinus translated the Arabic 
works into Latin, the legacy of Galen and other early writers 
remained firmly entrenched as dogma. Rather than providing or 
developing new ideas, the classical texts in medicine merely pro-
pounded medical dogma. How much medical and surgical knowl-
edge was lost or distorted by inaccuracies in these successive 
translations is unimaginable.

Constantine did make a key contribution to medieval medi-
cine when he reintroduced anatomic dissection with an annual 
dissection of a pig. Of interest is that as the dissection progressed, 
the findings were compared with those recorded in the Greek 
classics. If the dissector’s findings did not match those of the 
ancient texts, they were simply ignored! Constantine was clearly 
a learned scholar, but his style of teaching became typical of the 
Medical Ages. Extensive compilations and translations were 
undertaken, but original thought or advance in knowledge was 
notably lacking. In the Middle Ages, the School of Salerno did 
lead the way and was subsequently followed by the great medical 
schools at Naples, Bologna, Paris, and Montpellier, the early 
pillars of medieval medicine (Figs. 1-12 and 1-13).

An unusual and remarkable book was produced during this 
period: Regimen Sanitatis Salernitum [Salernitan Rule of Health], a 
work that first appeared in the 12th century and was later repub-
lished in approximately 140 different editions extending well into 
the 19th century.41,42 This book summaries the Salernitan school 
directions for medical maintenance and care of patients. In 
Europe, a strong educational system was being developed, but the 
treatment of health care remained cloaked in the literature of 
classical Greeks and Islamic writing; for the most part, surgical 

Figure 1-12. An illustration of Constantine the African lecturing at the 
School of Salerno. (Courtesy James Tait Goodrich, MD, PhD.)
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education and surgical practice continued to be an avocation 
limited to uneducated barber-surgeons and apprentices. None-
theless, there were a few exceptionally talented surgeons who 
developed some original surgical works and practices.

Roger of Salerno (Ruggiero Frugardi) (fl. 1170) is consid-
ered the first learned medieval European writer on surgery (Figs. 
1-14 and 1-15). Roger was educated in the Salerno tradition and 
followed many of its teachings. His book on surgical practice, 
Practica Chirurgiae,43 offers several interesting surgical techniques 
of interest to neurosurgeons. An example was his technique for 
checking for a tear of the dura and leakage of cerebrospinal fluid 
in a patient with a skull fracture. To detect a leak, Roger would 
have the patient hold his or her breath and strain (i.e., the Valsalva 
maneuver) and then look for air bubbles around the fracture site, 
this being a clear sign of a leak. Roger was a pioneer in the tech-
niques of managing peripheral nerve injury. For a severed nerve, 
he argued for reanastomosis of the nerve ends with close atten-
tion paid to their alignment. In dealing with the large bleeding 
veins of the neck, he urged direct ligation with a suture rather 
than cautery. For neurosurgeons, several chapters of his text are 
devoted to the treatment of skull fractures. Much of the described 
technique mirrors views of earlier classical writers, but the style 
is clearer and more succinct. This style is exemplified in this short 
description of management of various skull fractures43,44:

When a fracture occurs it is accompanied by various wounds and 
contusions. If the contusion of the flesh is small but that of the 
bone great, the flesh should be divided by a cruciate incision down 
to the bone and everywhere elevated from the bone. Then a piece 
of light, old cloth is inserted for a day, and if there are fragments 
of the bone present, they are to be thoroughly removed. If the 
bone is unbroken on one side, it is left in place, and if necessary 
elevated with a flat sound (spatumile) and the bone is perforated 
by chipping with the spatumile so that clotted blood may be 

Figure 1-13. Title page from a collection of works of Constantine the 
African, 1536. (From Constantinus Africanus. Constantini Africani Post 
Hippocratem et Galenum. Basel: Henricus Petrus; 1536. Courtesy 
James Tait Goodrich, MD, PhD.)

Figure 1-14. Illustrations of Roger of Salerno demonstrating brain and 
skull surgery. (From the Sloane manuscript 1977. Courtesy British 
Library Board.)

Figure 1-15. Medieval manuscript on the writings of Roger of 
Salerno. The lower left image is a gilt-scribed image of Roger 
lecturing. (From the Sloane manuscript 1977. Courtesy British Library 
Board.)
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University of Bologna. William’s book on surgery, Chirurgia (or 
Cyrurgia), completed in 1275, contained some highly original 
concepts that were not totally based on previous classical writings 
but in which the influence of Galen and Avicenna is clear.47 This 
book was written by William for his son Bernardino. The text is 
mostly original and based on his own observations. Rarely did 
William quote other writers. Book IV contains the earliest known 
treatise on surgical and regional anatomy. His most significant 
contribution during this era was his decision to discard the  
surgical technique of burning with cautery and use instead the 
surgical knife47:

De anathomia in communi et de formis membrorum et figures 
que sunt considerande in incision et cauterizatione.

[The anatomy of the members and the figures concerning the 
forms of which are to be considered in general and in the incision 
and cauterization.]

William’s writings contain some interesting and unique tech-
niques for a primary peripheral nerve suture repair. In this pre-
Harveian era, he was able to distinguish arterial bleeding from 
venous bleeding by the “spurting” of blood. William’s views on 
the brain were also unique by contemporary standards, inasmuch 
as he put forth some interesting neurological concepts that the 
cerebrum governs voluntary motion and the cerebellum involun-
tary function.

Leonardo of Bertapaglia (ca. 1380-1460) was a prominent 
15th-century Italian surgeon and writer. Leonardo established an 
extensive and lucrative practice in the area of Padua and in neigh-
boring Venice. At a time when anatomic dissection was rarely 
practiced in Europe, Leonardo became one of the earliest pro-
ponents of the study of anatomy. In 1429 he offered a course of 
surgery that included the dissection of an executed criminal. 
Leonardo devoted one third of his book to surgery of the nervous 
system and head injuries.48,49 He considered the brain the most 
precious of organs, regarding it as the source of voluntary and 
involuntary functions. In his treatment of skull fractures, he 
always avoided materials that might generate pus. Leonardo 
argued for never placing a compressive dressing that might drive 
bone into the brain; if a piece of bone pierced the brain, the 
surgeon was to remove it.

Leonardo put together a set of rules to guide the practice of 
a 15th-century surgeon that are still applicable five centuries 
later49:

To…be the perfect surgeon, you must always bear in mind these 
eight notations, and remembering them you will be preferred to 
others.

The first task…to become a good surgeon should be to use his 
eyes….

Second, you must accompany and observe the qualified physi-
cian, seeing him work before you yourself practice….

Third, you must command the most gentle touch in operating 
and treating lest you cause pain to the patient….

Fourth, you must insure that your instruments be sharp and 
unrusted whenever you cut anywhere….

Fifth, you must be courageous in operating and cutting but 
timid to cut in the vicinity of nerves, sinews and arteries, and, so 
as not to commit error, you should study anatomy, which is the 
mother of this art…perform your surgery cleverly and never 
operate on human flesh as if you were working on wood or 
leather….

Sixth, you must be kind and sympathetic to the poor, for piety 
and humility greatly augment your reputation and the sick will 
more freely commit themselves to your care.

Seventh, you must never refuse anything brought you as a fee, 
for the sick will respect you more.

Eighth, you must never argue about fees with the sick, or 
indeed demand anything unless it be previously agreed upon, for 
avarice is the most ignoble of vices and should you be so inflicted, 
you will never achieve the reputation of a good doctor.

soaked up with a wad of wool and feathers. When it has consoli-
dated, we apply lint and then, if it is necessary (but not until after 
the whole wound has become level with the skin), the patient may 
be bathed. After he leaves the bath, we apply a thin cooling plaster 
made of wormwood with rose water and egg.

A 12th-century manuscript owned by Harvey Cushing and 
attributed to Roger of Salerno contains an early description of a 
soporific for pain relief, for use in surgery. The soporific consisted 
of bark of mandragora (mandrake), hyoscyamus (henbane), and 
levisticum (lovage) seed, all of which were mixed together and 
ground and then applied wet to the forehead of the patient.44 In 
view of the ingredients, it was unlikely that this soporific was able 
to achieve any real pain relief. In Roger’s writings on surgical 
anatomy, many of the old errors persisted because of his recapitu-
lating earlier anatomic treatises. Roger was particularly fond of 
citing the writings of Albucasis and Paulus Aegineta. He strongly 
favored therapeutic plasters and salves but was not a strong advo-
cate of the popular treatment of application of grease to injuries 
of the dura. Interestingly, Roger advocated the use of trephina-
tion in the surgical treatment of epilepsy, although he did not 
indicate why this technique would work. Chapters (capita) 1 to 
13 are of particular interest to neurosurgeons because they detail 
contemporary surgical treatment of scalp wounds and fractures 
of the skull. One of Roger’s most significant errors in surgical 
practice was the concept that provoking pus suppuration in  
a wound encouraged healing. The concept of “laudable pus” in 
wound healing was introduced here and seriously hampered 
wound care until the time of Sir Joseph Lister and 19th-century 
antisepsis.

An unusually talented and inventive medieval surgeon from 
Bologna was Theodoric of Cervia (Borgognoni) (1205-1298). 
In comparison with Roger of Salerno, Theodoric was a pioneer 
in the use of aseptic technique: not the “clean” aseptic technique 
of today, but rather a method based on avoidance of “laudable 
pus.” Theodoric believed that he had found the ideal conditions 
for good wound healing, which included control of bleeding, 
removal of contaminated or necrotic material, avoidance of dead 
space, and careful application of a wound dressing bathed in wine, 
the last providing a degree of antisepsis. He also argued for 
primary closure of all wounds when possible and avoiding “laud-
able pus”45,46:

For it is not necessary, as Roger and Roland have written, as many 
of their disciples teach, and as all modern surgeons profess, that 
pus should be generated in wounds. No error can be greater than 
this. Such a practice is indeed to hinder nature, to prolong the 
disease, and to prevent the conglutination and consolidation of  
the wound.

Theodoric’s surgical work was first written in 1267, and it is 
one of the best reviews of contemporary medieval surgery.45 He 
is also remembered as one of the earliest writers to include illus-
trations of his techniques in his book. Theodoric surgical tech-
nique called for meticulous (almost Halstedian) techniques, with 
gentle handling of surgical tissues being key. Theodoric believed 
that aspiring surgeons should train only under competent masters. 
In the field of head injury, Theodoric argued that parts of the 
brain could be removed through a wound with little effect on the 
patient. In the treatment of skull fractures, he strongly argued for 
elevating depressed fractures. Theodoric advocated avoiding any 
punctures of the dura because these could lead to abscess and 
convulsions, thereby resulting in adverse outcomes. For pain 
relief during surgery, he developed his own “soporific sponge,” 
containing opium, mandragora, hemlock, and other less impor-
tant ingredients, which he applied to the patient’s nostrils; once 
the patient fell asleep, Theodoric began surgery. Opium was 
probably the key ingredient in this recipe.

William of Saliceto (Guglielo da Saliceto) (1210-1277) was 
a uniquely skilled Italian surgeon and a professor at the 
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profession of surgeon, and he clearly detested the barber-
surgeons, stating, “Most of them were illiterates, debauchees, 
cheats, forgers, alchemists, courtesans, procuresses, etc.”51

In 1306 Henri undertook the task of developing a new treatise 
on surgery for the education of his students at Montpellier. 
Unfortunately, because of tuberculosis and general ill health, he 
never completed the manuscript; the edited portions were not 
published until 1892, when Professor Julius Pagel of Berlin com-
pleted the task.52 Henri adopted and followed a number of the 
views of Lanfranchi. He was a believer in clean wounds and 
avoiding “laudable pus.” Unfortunately, Henri would be the last 
surgeon in this era to argue for avoiding “laudable pus.” Subse-
quent surgeons returned to the older belief that the development 
of pus in a wound was a good sign of healing. Henri offered some 
originality in wound management by advocating for healing by 
primary intention: modus novus noster. In surgical treatment of 
wounds, he encouraged the removal of foreign bodies and the use 
of wine dressings in wound care, the wine acting as an antiseptic 
and providing better healing. Henri’s designs of a number of 
surgical instruments were clever. He is remembered for the 
design of a needle holder and also a forceps-type instrument for 
extraction of arrowheads. Henri was a bit more conservative than 
his predecessors in dealing with head injuries. He argued against 
elevating skull fractures if there was no injury to the overlying 
soft tissues, believing that nature would do a better job of healing 
the fracture by natural union. It was his opinion that unnecessary 
exploration and probing of the wound would only cause more 
injury than natural healing: in retrospect, such an insight into 
wound care was brilliant.51

No history of surgery can be complete without a discussion 
of the contributions of Guy de Chauliac (1300-1368).53 He was 
clearly the most influential European surgeon of the 14th and 
15th centuries. He was so highly respected that he became physi-
cian to three popes at Avignon (Clement VI, Innocent VI, and 
Urban V) and leading surgeon and educator at the school of 
Montpellier. Guy was educated in Toulouse, Paris, Montpellier, 
and Bologna. He was an early proponent of anatomic dissection 
of a human cadaver. He stated, “In these two ways we must teach 
anatomy on the bodies of men, apes, swine, and divers other 
animals, and not from pictures, as did Henri de Mondeville who 
had thirteen pictures for demonstration of anatomy.”51 His writ-
ings were popular and continued to exert an influence on surgery 
until well into the 17th century. His principal didactic surgical 
text, scribed in 1363, was titled the Collectorium Cyrurgie.53,54 
There are 34 known manuscripts of this work; the first printed 
edition appeared in 1478, and more than seventy editions have 
been published since (Fig. 1-17).

In promoting surgeons as individuals more skilled than 
“mechanics” (i.e., barber-surgeons), he stated four conditions that 
must be satisfied for a practitioner to be a good surgeon: (1) the 
surgeon should be learned; (2) he should be expert; (3) he must 
be ingenious; and (4) he should be able to adapt himself (from 
the introduction of Ars Chirurgica). Guy devised interesting tech-
niques for the treatment of head injuries. For example, before the 
beginning of surgery, he recommended shaving the patient’s head 
so as to prevent hair from getting into the wound and interfering 
with primary healing. For depressed skull fractures, Guy pre-
ferred to put wine-soaked cloths into the injured site to assist 
healing. He categorized head injuries into seven types and dis-
cussed the management of each in detail. He believed that scalp 
wounds required only cleaning and débridement but that a com-
pound depressed skull fracture must be treated by means of 
trephination and elevation. Skin closure was done by primary 
repair, for which he claimed good results. To help control exces-
sive bleeding and provide hemostasis, he used egg albumin. For 
reasons that are not at all clear, Guy set back good surgical 
healing by readopting the views of “laudable pus” as being good 
for wound healing. “Laudable pus” remained part of surgical 

Lanfranchi (Lanfranc) of Milan (c. 1250-1306) was a pupil 
of William of Saliceto and was often referred to as the father of 
French surgery. Lanfranchi also advocated his teacher’s use of the 
knife in place of the burning cautery. Although born and educated 
in Italy, he had to leave Italy for France to avoid political strife. 
His Cyrugia Parva details a number of interesting surgical tech-
niques. Lanfranchi perfected the use of the suture for primary 
wound repairs.50 He was among the first to associate the direct 
effect of head injury on brain function. Hippocrates had been the 
first to articulate the concept of commotio cerebri, but Lanfranchi 
provided the first modern characterization of what is now known 
as a cerebral concussion. For surgeons, he developed a series of 
guidelines for trephination in skull fractures and “release of irrita-
tion” of dura. Because of the dangers of skull surgery, Lanfranchi 
argued for employing the trephine only when absolutely neces-
sary; for other cases, he invoked the skills of the “Holy Ghost” 
to provide the cure. Among his innovative surgical techniques was 
the development of esophageal intubation during surgery, a tech-
nique not commonly practiced until the 19th century. As an 
educated surgeon and a “surgeon of the long robe” (i.e., aca-
demic), he attempted to elevate the art and science of surgery 
above the mediocre level of the menial barber-surgeon (“sur-
geons of the short robe”). Lanfranchi also argued against the 
separation of surgery and medicine, advocated since the time of 
Avicenna, believing that a good surgeon should also be a good 
physician (Fig. 1-16).

Another important person in the history of French medicine 
and surgery was Henri de Mondeville (c. 1260-1317). Educated 
in Paris and Montpellier, Henri later went on to become a profes-
sor at Montpellier. Henri was strongly motivated to elevate the 

Figure 1-16. Surgical instruments designed by Lanfranchi of 
Milan. This illustration appeared in this early 1519 book. (From 
Lanfranchi of Milan. Chirurgia. In: Cyrurgia Guidonis de Cauliaco et 
Cyrurgia Bruni, Teodorici, Rolandi, Lanfranci, Rogerii, Bertapalie. 
Venice: Bernardinus Venetus de Vitalibus; 1519. Courtesy James Tait 
Goodrich, MD, PhD.)
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only rare exceptions, remained stagnant, guided by a staunch 
Galenic and Hippocratic orthodoxy. The translation of medical 
manuscripts from Latin, Greek, and Hebrew into Arabic and back 
into Latin resulted in many errors of translation and interpreta-
tion. The combination of a lack of anatomic knowledge and poor 
surgical outcomes naturally led physicians to recommend against 
operating on the brain, except in simple cases. A review of the 
work done by the surgical physicians just described reveals that 
despite a period of intellectual paralysis, a number of prominent 
physicians did make some advances. It is clear that monastic 
recluses in often-inaccessible mountain retreats carefully guarded 
medical knowledge, but despite this state of affairs, some sur-
geons clearly succeeded in mastering their art in the midst of 
intellectual darkness58:

The history of medicine consists of a successive series of intel-
lectual movements proceeding from different centers and each 
engulfing its predecessor.

ORIGINS OF NEUROSURGICAL PRACTICE  
IN THE RENAISSANCE
With the Renaissance came interesting innovations in surgical 
concepts and techniques. Beginning in the mid-15th century, 
physicians and surgeons introduced basic investigative techniques 
to learn human anatomy and physiology. Of enormous signifi-
cance was the introduction of routine anatomic dissection in 
medical schools. Moving away from subservience to the medie-
valists, great physicians such as Leonardo da Vinci, Jacopo Beren-
gario da Carpi, Nicholas Massa, and Andreas Vesalius explored 
the human body without being encumbered by the erroneous 
writings of earlier authors. Codified anatomic errors, many 
ensconced since the Greco-Roman era, were being corrected. A 
better understanding of human anatomy led to a change of epis-
temiologic presuppositions, which led to a great surge of interest 
in surgery. Putting the teachings of antiquity aside, surgeons 
began, with great vigor and enthusiasm, to investigate medical 
mysteries. As a result of this shift from the somber and somnolent 
medieval period to the enlightened, radically inventive Renais-
sance, the early foundations of modern neurosurgery were laid.

Any discussion of Renaissance surgery and anatomy has to 
begin with Leonardo da Vinci (1452-1519), the quintessential 
Renaissance man. Multitalented, recognized as an artist, an anat-
omist, and a scientist, da Vinci used the dissection table to better 
understand surface anatomy and its relationship to art and sculp-
ture. From his studies, da Vinci is now recognized as the founder 
of iconographic and physiologic anatomy.59-62 He provided the 
earliest, albeit crude, diagrams of the cranial nerves, the optic 
chiasm, and the brachial and lumbar plexi. He developed a wax 
casting technique that allowed him to work out and understand 
the anatomy of the ventricular system. To do this, he took a fresh 
brain and poured a liquid wax into the ventricles and placed a 
hollow tube to allow egress of the air. His experimental studies 
included sectioning a digital nerve in a living person and noting 
that the affected finger no longer had sensation, even when placed 
in a fire. Da Vinci was not a surgeon, but he gave an important 
impetus to the study of anatomy and the defining of correct 
anatomic relationships—vital concepts for any surgeon. Unfor-
tunately, he died before he could finish his great opus on anatomy, 
which was to be published in approximately 120 volumes.59 His 
anatomic manuscripts did circulate among the artist community 
in Italy throughout the 16th century, only to be lost; then they 
were rediscovered in the 18th century by William Hunter (1718-
1783). These anatomic works had a profound influence on artists 
and physicians and subsequently on the development of modern 
anatomic studies. Da Vinci, as a founder of modern anatomy, 
provided a creative spark to reexplore the human body by 
hands-on dissection (Figs. 1-18 to 1-20).

practice and was not to be corrected until the works of Sir Joseph 
Lister nearly 500 years later.

As England was moving away from the period of barbarian 
invasions and into the Middle Ages, university education in 
England began to become comparable with the European model. 
The leading surgeon of this period in England was John Arderne 
(Arden) (1307-1380), who trained as a military surgeon and had 
much war experience. In 1370 he came to London and joined the 
Guild of Military Surgeons. He characterized himself as chirurgus 
inter medicos (a surgeon among physicians). His manuscript on 
surgery was written circa 1412. This manuscript, De Arte Phisicali 
et de Cirurgia, translated into English by D’Arcy Power in 1922, 
was a valuable addition to the English literature on early surgery.55 
John Arderne was evidently a very skilled surgeon with a number 
of practical insights into what could or could not be done surgi-
cally. He believed firmly in clean hands and well-shaped nails for 
surgery, although some writers have thought that this was more 
for social reasons than surgery.56 In addition, he would bathe his 
open wounds with an irrigation that contained turpentine, a 
useful surgical antiseptic for keeping wounds clean. Of most 
importance, John Arderne was a firm believer in education and 
learning. In addition, he wrote that the surgeon must “always be 
sober during any surgery as drunkenness destroys all virtue and 
brings it to naught.”56-58

The late Byzantine/Islamic and medieval periods were an era 
of great misguided intellectual activity and of unoriginality of 
thought. Clearly the educators had more faith in the teachings of 
antiquity. From the fall of the Roman Empire to the beginning 
of the 16th century, anatomy and the practice of surgery, with 

Figure 1-17. Title page from a collected works dealing with the 
surgical writings of a number of medieval surgeons, including Guy de 
Chauliac. (From Guy de Chauliac. Chirurgia magna. In: Cyrurgia 
Guidonis de Cauliaco et Cyrurgia Bruni, Teodorici, Rolandi, Lanfranci, 
Rogerii, Bertapali. Venice, Bernardinus Venetus de Vitalibus, 1519. 
See also Leonardo RA: History of Surgery. New York: Froben Press; 
1943:116. Courtesy James Tait Goodrich, MD, PhD.)
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introduced in weapons of war. This work was considered to be 
valuable enough to be plagiarized and published in a pirated 
edition the same year and appeared in many other editions 
throughout the 16th century. In the 1513 edition, the first illus-
tration of a patient with a head injury undergoing treatment was 
added to the work (Fig. 1-21).

One of the early Renaissance surgeons who incorporated 
some of the recently revealed anatomic concepts was Hans von 
Gersdorff (1455-1529). In his surgical book Feldtbüch der Wund-
artzney, published in 1517, are some of the earliest illustrations 
on surgical technique.64 Gersdorff was a military surgeon and, 

The earliest printed surgical work to contain illustrations was 
Dis Ist das Buch der Cirurgia, authored by Hieronymus 
Brunschwig (ca. 1450-1512) and published in Strasbourg in 
1497.63 Although the images have nothing to do with specific 
surgical procedures, the book is the first to discuss the manage-
ment of gunshot wounds; gunpowder had only just recently been 

Figure 1-18. Leonardo da Vinci’s drawing of the ventricular system and 
also the “cell doctrine” theory, a belief that the functions of the brain 
arose from the ventricular system and not the brain itself. (Courtesy 
Royal Collection Trust; copyright Her Majesty Queen Elizabeth II, 2015.)

Figure 1-19. Leonardo da Vinci’s three-dimensional drawing of skull 
anatomy. (Courtesy of the Royal Collection Trust; copyright Her 
Majesty Queen Elizabeth II, 2015.)

Figure 1-20. Leonardo da Vinci’s wax casting modeling of the 
ventricular system. (Courtesy of the Royal Collection Trust; copyright 
Her Majesty Queen Elizabeth II, 2015.)

Figure 1-21. Title page from the first edition of an important work in 
surgery showing a “wound man” figure with the various injuries a 
surgeon could expect to treat. (From Brunschwig H. Dis Ist das Buch 
der Cirurgia. Strasbourg, France: J Grüninger; 1497. Courtesy James 
Tait Goodrich, MD, PhD.)
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with more than 40 years of war experience, became quite adept 
at handling battlefield injuries. This handbook for surgeons was 
divided into four parts: anatomy, surgery, leprosy, and a glossary 
of anatomic terms, diseases, and medications. The section on 
anatomy was based on his own extensive experience, and he used 
the earlier writings of the Islamic physicians and the works of 
Guy de Chauliac. The surgical portion deals with military surgery, 
mostly on how to extract foreign objects, tourniquet techniques 
to control bleeding, and amputation techniques. Several wood-
cuts dealing with surgical technique and surgical instrumentation 
are of interest to modern neurosurgeons; one woodcut clearly 
illustrated a third nerve palsy on the side of the depressed skull 
fracture and a facial paralysis on the opposite side. Included in 
this work is also the first plate showing a dissection of the human 
brain. This surgical work became very popular and was published 
in several editions; this was because of both its practical presenta-
tion of surgery and the illustrations in the text (Fig. 1-22).

One of the greatest physicians in the history of surgery 
remains Ambroise Paré (1510-1590), a poorly educated, humble 
Huguenot, an individual whom many historians have considered 
the father of modern surgery. After extensive military surgical 
experience, Paré was able to organize and publish a great deal of 
practical knowledge, along with innovative instrument designs. 
At this time, most physicians and surgeons published their writ-
ings in Latin; Paré preferred to publish in French instead.65-68 
Paré’s books therefore were more widely disseminated and appre-
ciated. As his reputation grew, Paré became a valued surgeon to 
the European royal courts. One of Paré’s most famous cases was 
a head injury sustained by Henri II of France. Paré (and also 
Andreas Vesalius) attended the king and was also present at the 
autopsy. Henri II had suffered penetrating right orbital injury and 

Figure 1-22. Rare colored trephination plate from Hans von 
Gersdorff’s 1517 manual on surgery. The victim has clear evidence 
of a third nerve palsy caused by a depressed skull fracture. (From 
Gersdorff HF. Feldtbüch der Wundartzney. Strasbourg, France: J 
Schott; 1517. See also Flamm ES: The dilated pupil and head trauma. 
Med Hist. 1972;16:194-199. Courtesy Reynolds-Finley Historical 
Library, the University of Alabama at Birmingham.)

Figure 1-23. Title page of the English publication of Ambroise Paré’s 
collected works on surgery. (From Johnson T, Trans. The Workes of 
That Famous Chirurgion Ambroise Parey. London: Richard Coates; 
1649. Courtesy James Tait Goodrich, MD, PhD.)

a subdural hematoma after a joust during the celebration of the 
marriage of his daughter, Elizabeth of France, to Philip, King of 
Spain. When Paré described the clinical findings in Henri II, he 
noted that the patient complained of a headache and blurred 
vision. Henri II went on to develop vomiting, lethargy, and 
ominous signs of decreased respiration, and he died 11 days  
after the injury. Paré postulated that the injury was caused by a 
tear in one of the bridging cortical veins, and he was clearly 
describing signs of increased intracranial pressure. Paré’s remark-
able clinical observations and clinical history were confirmed at 
autopsy. Thus, despite humble beginnings, Paré became one of 
the most celebrated physicians in this formative period of surgery 
(Figs. 1-23 and 1-24).

Paré commented on the “surgeon’s duties”:

Five things are proper to the duty of a Chirurgeon: To take away 
that which is superfluous; to restore to those places such things as 
are displaced; to separate those things which are joyned together; 
to joyn those which are separated and to supply the defects of 
nature. Thou shalt far more easily and happily attain to the knowl-
edge of these things by long use and much exercise, than by much 
reading of Books, or daily hearing of Teachers. For speech, how 
perspicuous and elegant soever it be, cannot so vively express 
anything, as that which is subjected to the faithfull eyes and hands.

Among Paré’s surgical works, his writings on the brain remain 
the most remarkable.67,68 Book X is devoted to the diagnosis 
and management of skull fractures. Although it was not an  
original idea, Paré popularized the interesting technique of ele-
vating a depressed skull fracture through the use of the Valsalva 
maneuver66:

…for a breath driven forth of the chest and prohibited passage 
forth, swells and lifts the substance of the brain and meninges 
where upon the frothing humidity and sanies sweat forth.
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Berengario dreamed that he was visited by a man wearing a cap 
adorned with a rooster feather and golden-winged sandals (i.e., 
Hermes Trismegistus, or the Third Mercury), who encouraged 
Berengario to write a treatise on skull fractures and head injuries. 
The result was a marvelous tractatus, the first printed work 
devoted solely to injuries of the head. In the text, original surgical 
techniques are discussed, along with the earliest illustrations  
of cranial instruments designed for surgical treatment of  
head injury. As an anatomist, Berengario, like Leonardo da Vinci, 
provided one of the earliest and most complete discussions  
of the ventricular system. Berengario presented some of the  
earliest descriptions of the pineal gland, choroid plexus, and 
lateral ventricles.70 His anatomic illustrations are among the first 
published from actual anatomic dissections. He was a firm 
believer in anatomic dissection because that was the only way to 
learn the anatomy; he believed that the written word alone was 
useless, and he observed that the earlier writings were full of 
anatomic errors. His anatomic writings were among the first to 
challenge the medieval dogmatic writings of Galen and others 
(Figs. 1-25 to 1-27).

A less known writer and anatomist of the Renaissance was a 
Marburg professor by the name of Johannes Dryander (Johann 
Eichmann) (1500-1560). In 1536, Dryander published an illus-
trated work (expanded in 1537) on the brain and skull.71,72 Within 
this most remarkable work are 16 plates of the brain, showing 
successive layered dissections of the scalp, dural coverings, and 
the brain itself. The drawings of the anatomy of the cerebellum 
and the posterior fossa are particularly striking. There are inac-
curacies in the text because of the prevailing influence of Galen 
and medieval scholasticism; nonetheless, this book can be con-
sidered the first textbook of neuroanatomy. Despite Dryander’s 
allegiance to Galen’s teaching, he advocated public anatomic  

Figure 1-24. Trephination plate (A) and neurosurgical tools (B) from 
Ambroise Paré’s surgical works. (From Johnson T, Trans. The Workes 
of That Famous Chirurgion Ambroise Parey. London: Richard Coates; 
1649. Courtesy James Tait Goodrich, MD, PhD.)
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Figure 1-25. Title page from Jacopo Berengario da Carpi’s treatise 
on head injury. (From Berengario da Carpi J. Tractatus de Fractura 
Calvae Sive Cranei. Bologna, Italy: Hieronymus de Benedictus; 1518. 
Courtesy James Tait Goodrich, MD, PhD.)

Through this method, both blood and pus can be expelled from 
the fracture site.

Paré’s surgical techniques demonstrated some unusual and 
unique advances over those of previous writers. Paré provides 
extensive discussion on the use of trephines, shavers, and scrapers. 
He was skilled at removal of osteomyelitic bone, incising the dura 
and evacuating blood clots and pus, procedures that surgeons had 
previously performed only with a great deal of trepidation. He 
advocated débridement of wounds for good healing, emphasizing 
that foreign bodies must be removed from injury sites. Paré’s 
most significant change in contemporary surgical practice was the 
serendipitous discovery that boiling oil should not be used in 
gunshot wounds, contrary to common surgical practice; instead, 
a dressing of egg yolk, rose oil, and turpentine provided for much 
improved wound healing and in turn led to a dramatic reduction 
in morbidity and mortality. Paré also discarded the older Islamic 
technique of hot cautery for control of bleeding, substituting 
instead the use of ligatures, which enhanced healing and reduced 
blood loss.67 The improvement in his results was a source of 
wonder to Paré and gave rise to his famous aphorism67:

Je le pansay, Dieu le guarit.
[I took care of him, but God cured him.]

Among the Renaissance “giants” of anatomy and surgery was 
the great Italian surgeon and anatomist Jacopo Berengario da 
Carpi (1470-1550). In 1518, Berengario wrote the second mono-
graph devoted solely to treating injuries of the head69 (the first 
being that of Hippocrates). This book was motivated by Beren-
gario’s successful treatment of a serious head injury in Lorenzo 
dé Medici, Duke of Urbino. Shortly after he had treated the duke, 
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Figure 1-26. A, Neurosurgical trephine (hand brace) designed by Jacopo Berengario da Carpi, very similar to 
what we call a Hudson brace today. B, Berengario designed a series of very imaginative trephine bits for 
making bur holes and craniectomies. To prevent plunging, the bits are designed with a conical shape. (From 
Berengario da Carpi J. Tractatus de Fractura Calvae Sive Cranei. Bologna, Italy: Hieronymus de Benedictus; 
1518. Courtesy James Tait Goodrich, MD, PhD.)
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dissections, the results of which included these remarkable neu-
roanatomic drawings (Figs. 1-28 and 1-29).

Military surgery has always been a great educator of surgeons, 
and one of those particularly influenced by his military service 
was Volcher Coiter (1534-1576). Coiter was an army surgeon 
and city physician in Nuremberg who had the good fortune to 
study under several contemporary experts, including Gabriele 
Fallopius, Bartolomeo Eustachius, and Ulisse Aldrovandi. As a 
result of their teachings and education, Coiter was able to under-
take unique and original anatomic and physiologic investiga-
tions.73 Among his anatomic descriptions are the first anatomically 
correct details of the anterior and posterior spinal roots. He was 
the first to distinguish gray from white matter in the spinal cord. 
Coiter had a particularly strong interest in the spine, which led 
him to conduct a number of anatomic and pathologic studies of 
the spinal cord, including an early model of decerebrate postur-
ing. Coiter also provided a number of details on how to trephine 
skulls of birds, lambs, goats, and dogs.73 He was the first to associ-
ate the pulsation of the brain with the arterial pulse. As an early 
neurosurgeon and investigator, he reported on opening the brain 
and removing parts of it with no ill effects noted: an early, surpris-
ing precursor attempt at cerebral localization.

One of the most skilled of Renaissance surgeons was a Vene-
tian, Giovanni Andrea della Croce (c. 1509-1580). Della Croce 
was a follower of Paré and adopted many of his techniques and 
beliefs. A combination of surgical skill and a Renaissance flair for 
design led della Croce to produce a remarkable book on surgery 
in 1573.74 Within this monograph are some of the most beauti-
fully engraved scenes of neurosurgical operations. As was typical 
for the period, surgical operations were performed in family 

homes, typically in the bedroom (with the occasional dog lying 
at the foot of the bed). Della Croce verbally, and in drawings, 
described the techniques for performing trephinations. Several 
illustrations show the various types of arrows, spears, and bullets 
used in warfare, and the techniques for their removal are detailed. 
An additional series of plates shows his instrument designs for 
performing neurosurgical procedures. One illustration is of a 
bloody trephination being performed with minimal anesthesia—a 
concept considered horrific by modern readers—in a beautifully 
appointed nobleman’s bedroom (Figs. 1-30 and 1-31).

Della Croce illustrated a number of trephination instruments 
in this monograph, some of which were an improvement on their 
predecessors. Della Croce’s trephination drill was rotated by 
means of an attached bow, in the manner of a carpenter’s drill. 
Various trephine bits are proposed and illustrated, many surpris-
ingly modern, with conical designs to avoid plunging. The illus-
trations of surgical instruments include Penfield-style elevators 
for lifting depressed skull bone.

An expert in surgery and anatomy whose work typifies the 
great strides of learning in the Renaissance was Andreas Vesalius 
(1514-1564). Vesalius was educated at Louvain, Montpellier, and 
Paris, all staunch schools of Galenic orthodox teaching. Rejecting 
the views of his Galen-enthralled professors, Vesalius provided 
an innovative and dramatic approach to anatomic dissection 
(Figs. 1-32 and 1-33). Following up on the theme of the earlier 
16th century anatomists such as Leonardo da Vinci and Jacopo 
Berengario da Carpi, Vesalius argued that anatomic dissections 
had to be performed by the teacher, not by an ignorant prosector 
being guided by a professor who sat at the lectern reading from 
a Galenic monograph on anatomy.
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Figure 1-28. Title page from Johannes Dryander’s work on the 
anatomy of the human brain. This work included the earliest realistic 
illustrations of brain anatomy. (From Dryander J. Anatomiae. Marburg, 
Germany: Eucharius Cervicornus; 1537. Courtesy James Tait 
Goodrich, MD, PhD.)

Figure 1-27. Title page with an allegorical anatomic dissection scene 
from Jacopo Berengario da Carpi’s 1522 work on anatomy. (From 
Berengario da Carpi J. Isagoge Breves: Perlucide ac Ubertine in 
Anatomia Humani Corporis: A Co[m]muni Medicorum Academia 
Usitatam…. Bononiae, Italy: B. Hectoris; 1522. Courtesy James Tait 
Goodrich, MD, PhD.)

Figure 1-29. A, Johannes Dryander’s illustrations of scalp and skull dissection, revealing the dura and brain 
in layers. B, “Cell doctrine” theory within the ventricular system, as illustrated by Dryander. (From Dryander J. 
Anatomiae. Marburg, Germany: Eucharius Cervicornus; 1537. Courtesy James Tait Goodrich, MD, PhD.)

A B
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Figure 1-30. An elegant drawing from Giovanni Andrea della 
Croce’s work of trephination being performed in a nobleman’s 
bedchamber. The patient is in bed, in the prone position; servants 
are around the room serving and dealing with the instruments. While 
the surgeon is performing the trephination, a cat is seen in the 
foreground chewing on a rat on the floor. (From della Croce GA. 
Chirurgiae Libri Septem. Venice: Jordanus Zilettus; 1573. Courtesy 
James Tait Goodrich, MD, PhD.)

Figure 1-31. Neurosurgical instruments designed and illustrated by Giovanni Andrea della Croce. (From della 
Croce GA. Chirurgiae Libri Septem. Venice: Jordanus Zilettus; 1573. Courtesy James Tait Goodrich, MD, PhD.)

Vesalius was appointed professor of anatomy at Padua at the 
young age of 23. At the age of 28, in 1543, Vesalius produced his 
great work, De Humani Corporis Fabrica.75 Book VII is an extensive 
discussion on the anatomy of the brain.76 Included in the chapter 
are detailed anatomic discussions with excellent illustrations. Fol-
lowing up on his anatomic caveats, Vesalius noted the “heads of 
beheaded men are the most suitable [for study] since they can be 
obtained immediately after execution with the friendly help of 
judges and prefects.”76

Vesalius was also trained as a surgeon. The Fabrica contains a 
section of text on the brain and the dural coverings in which 
Vesalius discussed mechanisms of brain injury and how the 
various membranes and bone have been designed to protect the 
brain. In his second edition of Fabrica (1555), Vesalius provided 

an early and interesting case of a child with hydrocephalus and 
remarked on the condition as originating from cerebrospinal 
fluid; however, Vesalius was unable to offer any surgical treat-
ment: “…in ipsius cerebri cavitate, adeoque in dextro sinistroque 
illius ventriculis: quorum cavitas amplitudoque ita increverat, 
ipsumque cerebrum ita extensum fuerat, ut novem fere aquae 
libras…continuerint” [“In the same brain cavity, the right and left 
ventricles’ cavity space thus increased, and the brain was so spread 
out; nearly nine pounds of water…was contained”].77 Of interest 
is that several of the initial letters in the text are illustrated with 
little cherubs performing trephinations!

A contemporary of Vesalius and another leader in Renaissance 
anatomic studies was a Parisian anatomist, Charles Estienne 
(1504-1564). His book on anatomy, De Dissectione Partium Corpo-
ris Humani Libri Tres,78 was actually completed in 1539, thereby 
predating Vesalius’s work by 4 years, but legal problems delayed 
its publication until 1546. This book is most notable for a wealth 
of beautiful anatomic plates dealing with neuroanatomy. It con-
tains representations of a series of anatomic figures with the 
subjects posed against sumptuous and imaginative Renaissance 
backgrounds. In the text, the anatomic details are not as original 
as Vesalius’s anatomic treatise. In addition, many of the errors 
introduced by Galen and his followers are repeated in Estienne’s 
text descriptions. However, the plates on the nervous system are 
quite graphic and among the most illustrative of this period. An 
important work, albeit with errors, it does detail the anatomy  
of the skull and brain more accurately than did previous works 
(Figs. 1-34 and 1-35).

In view of the contributions of the aforementioned physicians 
and their works, advances made in the Renaissance were clearly 
remarkable. Back in vogue was originality in anatomic research, 
replacing the ex cathedra writings of Galen and the classicists. 
No surgeon could explore the human body without an accurate 
understanding of the underlying anatomy. In addition, during  
the Renaissance, important events included the introduction  
of the printed book and the production of accurate anatomic 
illustrations.

The Hippocratic emphasis on the skull fracture continued to 
dominate the management of head injuries, as it had for the 
preceding 2000 years. With developments in anatomic knowl-
edge now well under way, the next era was an understanding of 
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The 17th century, the so-called insurgent century, carried these 
themes even further with significant achievements in science and 
medicine. Some historical “giants” produced their scientific con-
tributions during this century: Isaac Newton (1642-1727), Francis 
Bacon (1561-1625), William Harvey (1578-1657), and Robert 
Boyle (1627-1691) contributed their ideas and innovation in the 
introduction of physics, experimental design, discovery of the 
circulation of blood, and physiologic chemistry. Another critical 
advance was the formation of scientific societies, with the first 

physiology of the human body: the major theme of the 17th 
century.

SURGEONS OF THE INSURGENCY:  
SEVENTEENTH CENTURY
Sixteenth-century medicine and the influence of the Renaissance 
clearly changed the direction of education and surgical practice 
for those interested in operating on the brain and spinal cord. 

Figure 1-32. Frontispiece from Vesalius’s 1555 (second edition) magnum opus on anatomy. Vesalius is 
depicted in the center, posed over a cadaver and performing a hands-on anatomic dissection. (From Vesalius 
A. De Humani Corporis Fabrica, Libri Septem. Basel: Johannes Oporinus; 1555. Courtesy James Tait 
Goodrich, MD, PhD.)
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published in London in 1664.79,80 With methodic attention to 
detail, this book became the most accurate anatomic study of the 
brain to date. Willis was assisted in this work by Richard Lower 
(1631-1691) in demonstrating that when parts of the “circle” 
were tied off, the anastomotic network still provided blood to  
the brain. The superb and anatomically accurate engravings of 
the brain (Fig. 1-37) were produced by Sir Christopher Wren 
(1632-1723).

Willis introduced the concept of neurology, or the doctrine of 
neurons. Willis used the term in a purely anatomic sense, inas-
much as the concept of “neurological” disease had not yet been 

open public presentations of scientific ideas. Among the most 
important societies were the Royal Society of London, the Aca-
démie Des Sciences in Paris, and the Gesellschaft Natur-
forschender Aerzte in Germany. Thus scientific education and 
exchange of information were advanced. For the first time, sci-
entific ideas and information could be distributed publicly, and 
their merits discussed, in open dialogue.

A distinctive scholar of this period in the early understanding 
of the brain was Thomas Willis (1621-1675), an early describer 
of the eponymous circle of Willis, familiar to every physician. 
Willis was educated at Oxford and became a fashionable London 
physician (Fig. 1-36). Willis published a number of important 
monographs, but the one that stands out is his Cerebri Anatomie, 

Figure 1-33. Two anatomic views of skeletal anatomy in 
Vesalius’s book. The artistic skill and details represent an enormous 
improvement over previous anatomic texts. (From Vesalius A. De 
Humani Corporis Fabrica, Libri Septem. Basel: Johannes Oporinus; 
1543. Courtesy James Tait Goodrich, MD, PhD.)

Figure 1-34. Charles Estienne’s discussion of the anatomy of the 
brain and skull. Note the skull hanging from a tree limb on the left 
and at the knee on the right. (From Estienne C. De Dissectione 
Partium Corporis Humani Libri Tres. Paris: Simon Colinaeus; 1546. 
Courtesy James Tait Goodrich, MD, PhD.)

Figure 1-35. Charles Estienne’s discussion of the anatomy of the brain, 
showing a cross section of the head and the ventricular system. (From 
Estienne C. De Dissectione Partium Corporis Humani Libri Tres. Paris: 
Simon Colinaeus; 1546. Courtesy James Tait Goodrich, MD, PhD.)

Figure 1-36. Portrait of Sir Thomas Willis at the age of 45. (Courtesy 
James Tait Goodrich, MD, PhD.)
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introduced. Neurology as a noun did not enter general use until 
Samuel Johnson (1709-1784) defined it in his dictionary of 
1765.81 At this point, neurology came to be understood as the 
entire field encompassing anatomy, function, and physiology. It 
is also worth noting that the circle of Willis was not described 
uniquely by Willis; other anatomic descriptions of this circle were 
provided in several contemporary anatomic publications (the 
reader is referred to the writings of Vesling,82 Casserius,83 Fal-
lopius,84 and Ridley85).

A prominent anatomist at this time and one often overlooked 
by contemporary writers was Humphry Ridley (1653-1708). 
Ridley was educated at Merton College, Oxford, and at the Uni-
versity of Leyden, where he received his doctorate in medicine 
in 1679. Ridley produced an important anatomic work on the 
brain, The Anatomy of the Brain, written in English, which became 
widely circulated and influential (Figs. 1-38 and 1-39).

The Anatomy of the Brain was published in London in 1695.85 
At the time his work on the brain appeared, many of the classic 
Greek views of the brain were in vogue. Seventeenth-century 
anatomy and medicine moved away from the earlier “cell doc-
trine” theory (in which brain function was considered to reside 
within the ventricles); anatomists had begun to recognize the 
brain as a distinct anatomic entity. In contrast to the “cell doc-
trine,” cerebral function came to be viewed as a property of the 
brain.86,87

Ridley recorded a number of original observations. Ridley’s 
description of the circle of Willis was even more accurate in 
details than Willis’s and included a more complete anatomic 
description of both the posterior cerebral artery and the superior 
cerebellar artery, defined as separate entities. Ridley provided a 
better demonstration of the principle of anastomotic flow and 
better elucidated the anastomotic principle of this network with 
his anatomic studies. To conduct his studies, Ridley had access to 
recently executed criminals. The method of execution was typi-
cally hanging, which caused vascular engorgement of the brain 
and thus facilitated identification of the vascular anatomy. Rid-
ley’s understanding of the deep nuclei of the cerebellum, particu-
larly the anatomy of the posterior fossa, was superior to Willis’s. 
Ridley also provided one of the earliest descriptions of the 

Figure 1-37. The circle of Willis as described by Thomas Willis and 
drawn by Sir Christopher Wren. (From Willis T. Cerebri Anatome: Cui 
Accessit Nervorum Descriptio et Usus. London: J Flesher; 1664. 
Courtesy James Tait Goodrich, MD, PhD.)

Figure 1-38. The title page from Humphrey Ridley’s work on brain 
anatomy. (From Ridley H. The Anatomy of the Brain, Containing Its 
Mechanisms and Physiology: Together With Some New Discoveries 
and Corrections of Ancient and Modern Authors Upon That Subject. 
London: Samuel Smith; 1695. Courtesy James Tait Goodrich,  
MD, PhD.)

arachnoid membrane. Of note, Ridley still believed in the rete 
mirabile, a tenacious holdover from Galenic times. To Ridley this 
was a legitimate anatomic structure, and he provided a strong 
argument for its existence in this monograph. In addition, Ridley 
provided the first accurate description of the fornix and its path-
ways in this monograph. This volume and the work by Willis 
presented the first scientific anatomic studies of the brain and 
thereby provided an essential anatomic foundation for future 
neurosurgeons.

A surgical expert often overlooked in neurosurgical history is 
Wilhelm Fabricius von Hilden (1560-1634). Although Fabri-
cius (also known as Fabry) had received a classical education in 
his youth, family misfortune did not allow him to go on to a 
formal medical education. He went on to study in the “lesser 
field” of surgery, being educated in the apprentice system then 
prevalent. Fortunately, the teachers who trained him were among 
the finest wound surgeons of the day. Lacking a formal university 
education and excelling with a surgical apprentice education, he 
went on to develop a distinguished career in surgery.

Fabricius produced one of the most important surgical works 
of the 17th century: Observationum et Curationum, a monograph 
that included more than 600 surgical cases, along with a number 
of important and original observations on the brain.88 Fabricius’s 
observations on the brain and surgery included descriptions of a 
number of congenital malformations, skull fractures, and tech-
niques for bullet extraction, along with original designs for field 
surgical instruments. He described operations for intracranial 
hemorrhage (with cure of insanity), vertebral displacement, con-
genital hydrocephalus, and an occipital tumor in the newborn 
(probably an encephalocele). Fabricius carried out trephinations 
for treatment of a brain abscess and cure of a longstanding 
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Figure 1-39. Humphrey Ridley’s illustration of the anastomotic 
network at the base of the brain: the circle of Willis. Ridley’s 
anatomic details are better than Willis’s and include a more complete 
anatomic description of both the posterior cerebral artery and the 
superior cerebellar artery, here described as separate entities. (From 
Ridley H. The Anatomy of the Brain, Containing Its Mechanisms and 
Physiology: Together With Some New Discoveries and Corrections of 
Ancient and Modern Authors Upon That Subject. London: Samuel 
Smith; 1695. Courtesy James Tait Goodrich, MD, PhD.)

aphasia. He even removed a splinter of metal from an eye  
by using a magnet, a cure that only enhanced his reputation  
(Figs. 1-40 and 1-41).

Some early and skillfully designed neurosurgical instruments 
are illustrated in a work by Johann Scultetus (Schultes) (1595-
1645) of Ulm, titled Armamentarium Chirurgicum XLIII.89 Scult-
etus provided unique and graphic details of neurosurgical 
instruments, clearly the finest to appear since those published by 
Berengario in 1518 and della Croce in 1573. The illustrations 
graphically reveal surgical techniques for treating fractures and 
dislocations, along with a variety of bandaging techniques for 
dealing with wounds. This surgical work was so popular that it 
was translated into many languages, including English, and it 
exerted a considerable influence on surgery throughout Europe 
for more than two centuries. The surgical plates and descriptions 
of various operations contain exacting details, including concepts 
from antiquity to the present. Of interest is that many of the 
instruments illustrated by Scultetus remain in use today. Sculte-
tus’s details of surgical operations for injury of the skull and brain 
are remarkable plebiscite (Figs. 1-42 and 1-43).

Neurosurgical practice continued to evolve in the 17th 
century. A surgeon who offered some interesting technical advice 
on developing neurosurgical operating skills was John Woodall 
(c. 1556-1643). Woodall was a military surgeon by training and 
surgeon-general to the East India Company. For surgeons of the 
East India Company, he compiled a surgical monograph titled 
The Surgeon’s Mate (1617).90 In his collected works, published in 
1639, Woodall provided a list of surgical instruments and sound 

Figure 1-40. A “lever and screw” device, used to elevate a 
depressed skull fracture. To the right is a saw used to make a 
series of rectangular cuts for performing a craniectomy. This style of 
instrument became known later as a Hey saw. (From Fabricius W. 
Observationum et Curationum Chirurgicarum Centuriae. Lugduni 
[Lyons]: I. A. Huguetan; 1606-1641. A number of neurosurgical cases 
are also contained in a later publication of collected works: Fabricius 
W. Opera Observationum et Curationum. Frankfurt: Joannis Beyer; 
1646. Courtesy James Tait Goodrich, MD, PhD.)

Figure 1-41. A, Wilhelm Fabricius von Hilden’s technique for elevating 
a depressed skull (ping pong) fracture in a child. Two small holes were 
made, and a leather strap was passed through and pulled up to 
elevate the depressed fracture. B, A very early illustrated example of 
an occipital encephalocele. Fabricius discussed a case of a child with 
a large “swelling” in the occipital region that was full of clear fluid. 
(From Fabricius W. Observationum et Curationum Chirurgicarum 
Centuriae. Lugduni [Lyons]: I. A. Huguetan; 1606-1641. A number of 
neurosurgical cases are also contained in a later publication of 
collected works: Fabricius W. Opera Observationum et Curationum. 
Frankfurt: Joannis Beyer; 1646. Courtesy James Tait Goodrich,  
MD, PhD.)
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Figure 1-42. Surgical techniques and instruments designed by 
Johann Scultetus for trephining the skull and dealing with skull 
fractures. (From Scultetus J: Xειροπλοθηκη [Cheiroplothiki]. 
Armamentarium Chirurgicum XLIII. Ulm, Germany: Balthasar Kühnen; 
1655. Courtesy James Tait Goodrich, MD, PhD.)

Figure 1-43. Scultetus’s tripod-style trephine, with a center pin 
for elevation. Illustrated also are an elevator (right), a corkscrew type 
elevator (top), and bone rongeur (left). (From Scultetus J: 
Xειροπλοθηκη [Cheiroplothiki]. Armamentarium Chirurgicum XLIII. Ulm, 
Germany: Balthasar Kühnen; 1655. Courtesy James Tait Goodrich, 
MD, PhD.)

Figure 1-44. Title page from John Woodall’s book on military and 
domestic surgery. (From Woodall J: The Surgeon’s Mate, or Military 
and Domestique Surgery Discouering Faithfully & Plainly ye Method 
and Order of the Surgeon’s Chest…. London: Rob. Young for 
Nicholas Bourne; 1639. Courtesy James Tait Goodrich, MD, PhD.)

advice for a surgical practice.91 Woodall fabricated a trephine with 
a then-unique design of a crown that included a center pin; this 
innovation prevented the crown from slipping on a bloody skull. 
A brace was added to this trephine, which could be placed against 
the surgeon’s chest for additional support and driving force.  
This innovative design allowed the surgeon to drive the trephine 
with one hand while the other held the head, all of which could 
be accomplished on a rolling ship’s deck. Woodall, recognizing 
the ignorance of his contemporary German surgeons, believed 
that a surgeon should practice trephining on sheep or calf  
skulls first before performing one on a human head (Figs. 1-44 
and 1-45):

“The Germane Surgeons use no Trapan, that ever I could see my 
eight years living among them, though they both speak and write 
of it. But for as much as it is apparent, the work of a Trapan is very 
good, I therefore would advise a young Artist to make some expe-
rience first upon a calves head, or a sheep’s head, till he can well 
and easily take out a piece of the bone; so shall he the more safely 
do it to a man without error when occasion is.”

(J. Woodall, The Surgeon’s Mate,91 p 4)

An Englishman and Plymouth naval surgeon, James Yonge 
(1646-1721), was among the first to argue emphatically that 
“wounds of the brain are curable”; Galen had earlier announced, 
“I have seen the wounded brain heal.”28 Yonge’s first surgical text 
was a small monograph titled Wounds of the Brain Proved Curable.92 
Yonge provided a surgical account of a brain operation on a child 
of 4 with extensive compound fractures of the skull from which 
brain tissue issued forth. The surgery was successful, with the 
child surviving, and this inspired Yonge to publish the account. 
Yonge also reported on more than 60 cases in which brain wounds 
were cured that he was able to locate in the older literature, 


	AllVolumeEditors
	Youmans and Winn Neurological Surgery, 4-Volume Set
	Copyright Page
	Dedication
	Editor-In-Chief
	Deputy Editors-In-Chief
	Section Editors
	Video Contents
	Contributors
	Foreword
	Preface
	Section I
	Overview and Controversies
	Overview
	Controversies and Unresolved Questions
	Question 1: Adult and Pediatric Hydrocephalus: The Role of Third Ventriculostomy and Choroid Plexus Cauterization
	Question 2: Clotting and the Neurosurgeon
	Question 3: Correct Surgical Management of Chronic Subdural Hematomas: Do Surgeons Now Have the Definitive Answer?
	Question 4: Endoscopy: When Should Transfacial Endoscopy or Traditional Open Microsurgery Be Used in Skull Base Surgery?
	Question 5: Technical Advances: Revolutionary or Evolutionary?
	Simulation and Robotic Surgery
	Visualization and Optics
	Brain Retraction

	Question 6: Advances in Basic Sciences: New Information and Possible Clinical Implications
	Question 7: What Should Be the Neurosurgical Involvement in the Critical Care Management of Neurosurgical Patients?
	Question 8: Neurosurgical Education and Training: Have Duty Hour Restrictions Accomplished the Goals Envisioned by Those Who Advocated for Changes in Neurosurgery Training?

	References


	Chapter 1
	1 Historical Overview of Neurosurgery
	Abstract
	Neurosurgery in the Prehistoric Period
	Ancient Egyptian Neurosurgery
	Classical Period: Greek and Byzantine Neurosurgery
	Hippocratic School
	Herophilus of Chalcedon
	Aulus Aurelius Cornelius Celsus
	Galen of Pergamon
	Paulus Aegineta (Paul of Aegina)

	Islamic/Arabic Medicine: Prescholastic Period
	Middle Ages: the Age of Medieval Medical Scholasticism
	Origins of Neurosurgical Practice in the Renaissance
	Surgeons of the Insurgency: Seventeenth Century
	Eighteenth Century: an Enlightened Period for Neurosurgery
	Nineteenth Century: Incunabula Period of Modern Neurosurgery
	Further Advances in Neurosurgery: Twentieth Century
	Concluding Thoughts
	Charles Babbage and the Concept of the Computer
	Wilhelm Röntgen and the X-Ray
	Computed Tomography

	Suggested Readings
	References


	Chapter 2
	2 Surgical Anatomy of the Brain
	Abstract
	Cerebrum
	Lateral Surface: Neural Structures
	Superficial Anatomy
	Frontal Lobe.
	Parietal Lobe.
	Temporal Lobe.
	Occipital Lobe.
	Sylvian Fissure.
	Insula.
	Association Fibers of the Cerebrum.
	Lateral Ventricles.
	Foramen of Monro.

	Internal Capsule
	Corpus Callosum.
	Optic Radiation.
	Fornix.
	Basal Ganglia.
	Thalamus.
	Hippocampus.
	Amygdala.
	Choroidal Fissure.

	Third Ventricle

	Lateral Surface: Arterial Relationships
	Lateral Surface: Venous Relationships
	Basal Surface: Neural Relationships
	Anterior Perforated Substance
	Basal Surface: Arterial Relationships
	Basal Surface: Venous Relationships
	Medial Surface: Neural Relationships
	Medial Surface: Arterial Relationships
	Medial Surface: Venous Relationships
	Arachnoid Membrane
	Gray Matter and White Matter


	Posterior Fossa
	Brainstem
	Cerebellum
	Petrosal Surface of the Cerebellum and Fourth Ventricle
	Tentorial Surface of the Cerebellum and Fourth Ventricle
	Suboccipital Surface of the Cerebellum and Fourth Ventricle
	Veins of the Posterior Fossa
	Arteries of the Posterior Fossa
	Cerebellopontine Angle Region


	Suggested Readings
	References
	Case Studies
	Case Study 2-1: Deep Right Frontal Glioma
	Case Study 2-2: Left Motor Area Glioma
	Case Study 2-3: Deep Left Parietal Glioma
	Case Study 2-4: Left Superior Temporal Sulcus Cavernoma
	Case Study 2-5: Left Occipital Arteriovenous Malformation
	Case Study 2-6: Left Frontal Opercular Tumor
	Case Study 2-7: Right Temporoinsular Glioma
	Case Study 2-8: Right Anterior-Inferior Insular Cavernoma
	Case Study 2-9: Left Frontoinsular Cortical Dysplasia
	Case Study 2-10: Left Subcallosal Low-Grade Glioma
	Case Study 2-11: Left Anterior Interhemispheric Transcallosal Approach to the Body of the Lateral Ventricle
	Case Study 2-12: Total Callosotomy
	Case Study 2-13: Left Corticoamygdalohippocampectomy
	Case Study 2-14: Anterior Interhemispheric Transcallosal Transchoroidal Approach to a Third Ventricle Colloid Cyst
	Case Study 2-15: Middle Cerebral Artery M1 Aneurysm Pointing Upward
	Case Study 2-16: Middle Cerebral Artery M1 Aneurysm Pointing Downward
	Case Study 2-17: Paraclinoid Internal Carotid Artery Aneurysm Directed Medially
	Case Study 2-18: Posterior Communicating Artery Aneurysm
	Case Study 2-19: Left Carotid–Posterior Communicating Artery Aneurysm
	Case Study 2-20: Left Carotid–Posterior Communicating Artery Aneurysm
	Case Study 2-21: Carotid–Posterior Communicating Artery Aneurysm
	Case Study 2-22: Aneurysm from the Medial Wall of Ophthalmic Segment of Internal Carotid Artery
	Case Study 2-23: Tuberculum Sellae Meningioma
	Case Study 2-24: Right Posterior Interhemispheric Approach
	Case Study 2-25: Right Medial Temporal Lobe Cavernoma
	Case Study 2-26: Anterior Communicating Artery Aneurysm Pointing Downward
	Case Study 2-27: Anterior Communicating Artery Aneurysm
	Case Study 2-28: Motor Area Cortical Dysplasia
	Case Study 2-29: Left Anterior Petrosal Approach to Pontine Cavernoma
	Case Study 2-30: Left Cervical (C1) Schwannoma
	Case Study 2-31: Left Middle Cerebellar Peduncle Cavernoma
	Case Study 2-32: Fourth Ventricle and Lower Cerebellopontine Angle Ependymoma
	Case Study 2-33: PICA Aneurysm
	Case Study 2-34: PICA Aneurysm



	Chapter 3
	3 Surgical Anatomy of the Skull Base
	Abstract
	The Far Lateral Approach
	Surgical Targets
	Bone Anatomy
	Surgical Anatomy
	Positioning
	Skin Incision
	Muscular Layer
	Craniotomy
	Dural Opening
	Intradural Anatomy


	The Retrosigmoid Approach
	Surgical Targets
	Bone Anatomy
	Surgical Anatomy
	Positioning
	Skin Incision
	Muscular Layer
	Craniotomy
	Dural Opening
	Intradural Anatomy


	The Transpetrosal Approaches
	Surgical Targets
	Bone Anatomy
	Surgical Anatomy
	Positioning
	Skin Incision
	Muscular Layer
	Craniectomy
	Dural Opening
	Intradural Anatomy


	The Orbitozygomatic Approach
	Surgical Targets
	Bone Anatomy
	Surgical Anatomy
	Positioning
	Skin Incision
	Muscular Layer
	Craniotomy
	Dural Opening
	Intradural Anatomy


	The Endoscopic Endonasal Approach
	Surgical Targets
	Bone Anatomy
	Surgical Anatomy

	Acknowledgment
	Suggested Readings


	Chapter 4
	4 Improving Patient Safety
	Epidemiology of Patient Safety
	Errors and Adverse Events
	Systems Thinking
	Tools for Improving Patient Safety
	Finding Errors and Complications
	Preventing Specific Errors and Complications
	Wrong-Site Surgery and Checklists
	Surgical Site Infections
	Volume-Outcome Relationships


	Conclusion
	Suggested Readings
	References


	Chapter 5
	5 Neuroanesthesia
	General Preanesthetic Evaluation
	Medical History
	General Physical Examination
	Assessment of System Functions
	Neurological System
	Respiratory System
	Cardiovascular System
	Gastrointestinal System
	Renal System
	Hematologic System
	Endocrine System

	Laboratory Investigations

	Consideration of Specific Neurological Disorders
	General Principles and Normal Cerebrovascular Physiology
	Specific Neurosurgical Categories
	Intracranial Tumors
	Vascular Diseases
	Ischemic Cerebrovascular Disease.
	Aneurysmal Subarachnoid Hemorrhage.
	Arteriovenous Malformations.

	Posterior Fossa Procedures
	Traumatic Brain Injury (TBI)
	Spinal Surgery
	Epilepsy Disorders
	Neuroradiology


	Conclusion
	Suggested Readings
	References


	Chapter 6
	6 Complication Avoidance in Neurosurgery
	Complications Related to Patient Positioning
	Supine Positioning
	Prone Positioning
	Lateral Positioning
	Intraoperative Monitoring
	Cranial Fixation Complications
	Dependent Edema

	Catastrophic Medical Complications
	Venous Air Embolism
	Deep Venous Thrombosis and Pulmonary Embolism
	Hemorrhagic and Transfusion-Related Issues
	Wound Complications

	Risk Factors Related to Anatomy or Technique in Specific Surgeries
	Cranial Surgery
	Postoperative Seizures
	Postoperative Edema and Increased Intracranial Pressure
	Specific Cranial Disorders
	Supratentorial Craniotomy.
	Posterior Fossa Craniotomy.
	Transsphenoidal Surgery.
	Cranial Base Surgery.

	Complications of Stereotactic Brain Surgery
	Stereotactic Radiosurgery

	Spine Surgery
	Cerebrospinal Fluid Leak or Pseudomeningocele Formation
	Instrumentation-Related Risks
	Complications of Bracing and Halo Use
	Anterior Cervical Approach
	Posterior Cervical Approach
	Thoracic Spinal Procedures
	Anterior Lumbar Procedures
	Posterior Lumbar Procedures
	Pedicle Screw Fixation
	Facet Screw Fixation


	Conclusion
	Suggested Readings
	References


	Chapter 7
	7 Coagulation for the Neurosurgeon
	Abstract
	Basic Science of Coagulation
	Hemostasis and Coagulation
	Coagulation Cascade
	Cell-Based Model of Coagulation
	Platelet Activation

	Antiplatelet Drugs
	Cyclooxygenase-1 Inhibitors
	Phosphodiesterase Inhibitors
	Adenosine Diphosphate Receptor and P2Y12 Inhibitors
	Glycoprotein IIb-IIIa Inhibitors

	Anticoagulant Drugs
	Heparin and Heparinoids
	Factor Xa Inhibitors
	Direct Thrombin Inhibitors
	Vitamin K−Dependent Clotting Factor Inhibitors

	Future Perspectives
	Chitosan
	Nanoparticulate Agents

	Suggested Readings
	References


	Chapter 8
	8 Neuro-ophthalmology

	Chapter 8z
	8 Neuro-ophthalmology
	From the Eye to the Visual Cortex: the Afferent Visual System
	History
	Examination
	Anatomy and Disorders of the Afferent Visual System
	Anterior Segment Ocular and Retinal Disorders
	Papilledema
	Pseudopapilledema
	Anterior Ischemic Optic Neuropathy
	Optic Neuritis
	Compressive and Infiltrative Optic Neuropathies
	Metabolic Optic Neuropathies
	Hereditary Optic Neuropathies
	Traumatic Optic Neuropathy
	The Chiasm
	Retrochiasmal Visual Pathways


	Ocular Motility and the Pupil: the Efferent Visual System
	Ocular Motor Anatomy and Pathophysiology
	Ocular Motor History and Examination
	Disorders of the Ocular Motor System
	Neuromuscular Junction: Ocular Myasthenia Gravis
	Cranial Nerve: Oculomotor Nerve (Cranial Nerve III)
	Cranial Nerve: Trochlear Nerve (Cranial Nerve IV)
	Cranial Nerve: Abducens Nerve (Cranial Nerve VI)
	Cranial Nerve: Multiple
	Supranuclear and Internuclear
	Eye Movements in Coma

	Symptomatic Treatment of Diplopia
	The Pupil
	Determining the Abnormal Pupil
	The Abnormally Large Pupil
	The Abnormally Small Pupil


	Conclusion
	Suggested Readings
	References


	Chapter 9
	9 Neurotology

	Chapter 9z
	9 Neurotology
	Anatomy of the Inner Ear
	The Cochlear System
	Physiology of Hearing
	Transformer Mechanism of the Tympanum
	Transmission in the Labyrinth


	Measures of Auditory System Function
	Subjective Measures of Hearing
	Tuning Forks
	Pure-Tone Audiometry
	Air Conduction.
	Bone Conduction.
	Masking.

	Speech Audiometry
	Speech Recognition Threshold.
	Speech Recognition Measures.


	Objective Measures of Auditory System Function
	Immittance Studies
	Tympanometry.
	Acoustic Reflex.

	Auditory Brainstem Evoked Response Measures
	Auditory Neuropathy.
	Electrically Auditory Evoked Potentials with Cochlear Implant Users.

	Otoacoustic Emission Measures

	Measures of Auditory System Function: Summary

	The Vestibular System
	Anatomy
	Physiology

	Tests of Vestibular Function
	Spontaneous Nystagmus
	Labyrinthine Fistula Test
	Positional Tests
	Objective Measurement of Vestibular Function
	Electronystagmography
	Bithermal Caloric Test.
	Gaze Test.
	Positional Test.
	Hallpike Maneuver.
	Saccade Test.
	Pursuit Tests.

	Rotational Tests
	Visual-Vestibular Interaction


	Differential Diagnosis of Vertigo
	Differentiating Between Peripheral and Central Lesions
	Vertigo of Peripheral Origin
	Benign Paroxysmal Positional Vertigo.
	Meniere’s Disease.
	Differential Diagnosis.
	Secondary Endolymphatic Hydrops.

	Vestibular Neuronitis.
	Superior Canal Dehiscence Syndrome.
	Posttraumatic Vertigo.
	Drug-Induced Ototoxicity.

	Vertigo of Central Origin
	Brainstem Lesions.
	Multiple Sclerosis.
	Migraine.
	Vascular Accidents.
	Vertebrobasilar Insufficiency.
	Tumors of the Posterior Cranial Fossa.



	Indications for Vestibular Neurectomy
	Indications for Cochlear and Auditory Brainstem Implantation
	Suggested Readings
	References


	Chapter 10
	10 Neurourology

	Chapter 10z
	10 Neurourology
	Urologic Anatomy and Physiology
	Evaluation of Neurourologic Disorders
	History
	Additional History

	Physical Examination
	Neurourologic Examination

	Laboratory Testing
	Radiologic Studies
	Upper Urinary Tract Imaging
	Lower Urinary Tract Imaging
	Urodynamic Testing of the Lower Urinary Tract
	Cystometry.
	Pressure-Flow Studies and Uroflowmetry.
	Electromyography.
	Videourodynamics.



	Neurourologic Diseases
	Suprapontine Lesions
	Cerebrovascular Disease
	Brain Tumors
	Supraspinal Neurodegenerative Disorders

	Spinal Lesions
	Spinal Cord Injury
	Spinal Shock
	Suprasacral Cord Injury
	Spinal Stenosis
	Neurospinal Dysraphism

	Disease at or Distal to the Sacral Spinal Cord
	Sacral Spinal Cord Injury
	Disk Disease
	Radical Pelvic Surgery


	Treatment of Neurourologic Diseases
	Failure to Store Urine (Incontinence)
	Management of Detrusor Overactivity or Impaired Compliance
	Timed Voiding and Pelvic Floor Exercises.
	Medications.
	Sacral Neuromodulation.
	Augmentation Cystoplasty.

	Management of Outlet Deficiency
	Injectable Bulking Agents.
	Sling Procedures.
	Artificial Urinary Sphincters.
	Bladder Neck Closure.
	Urinary Diversion.


	Failure to Empty Urine (Retention)
	Management of Detrusor Acontractility (Underactivity)
	Clean Intermittent Catheterization.
	Indwelling Catheters.
	Voiding with the Credé and Valsalva Maneuvers.
	Cholinergic Agonists.
	Sacral Neuromodulation.
	Urinary Diversion.

	Management of Detrusor–External Sphincter Dyssynergia
	External Sphincterotomy.
	Urethral Stenting.
	Botulinum Toxin A Injection.

	Management of Detrusor–Internal Sphincter Dyssynergia


	Suggested Readings
	References


	Chapter 11
	11 Computed Tomography and Magnetic Resonance Imaging of the Brain
	Abstract
	Computed Tomography of the Brain
	History and Fundamentals
	Computed Tomographic Angiography
	Perfusion Computed Tomography

	Magnetic Resonance Imaging of the Brain
	Physics and Techniques of Magnetic Resonance Imaging
	History
	Basic Physics of Magnetic Resonance Imaging
	Why Hydrogen?
	Creating the Signal.
	Detecting the Signal.
	Physics: Localizing the Signal.
	The Origin of Image Contrast.

	Spin Echo
	Gadolinium Contrast
	Fast Spin Echo Imaging
	Inversion Recovery
	Gradient Echo
	Echo Planar Imaging
	Diffusion-Weighted Imaging
	Perfusion-Weighted Imaging
	Spectroscopy
	Functional Magnetic Resonance Imaging
	Diffusion Tensor Imaging
	Diffusion Tensor Imaging Display.
	Limitations of Diffusion Tensor Imaging.


	Clinical Magnetic Resonance Imaging
	Introduction
	Tailored Magnetic Resonance Imaging.

	Neoplasms
	Gliomas.
	Meningiomas.
	Pituitary Adenomas.
	Metastatic Neoplasms.
	Schwannomas.
	Primitive Neuroectodermal Tumors.

	Infections
	Stroke and Vascular Diseases
	Trauma
	Vascular Malformations
	Seizure and Epilepsy


	Suggested Readings
	References


	Chapter 12
	12 Radiology of the Spine
	Modalities and Technical Considerations
	Radiography
	Computed Tomographic Imaging
	Myelography
	Magnetic Resonance Imaging
	Dynamic Imaging
	Neurography
	Cerebrospinal Fluid

	Artifacts and Contraindications
	Spinal Angiography
	Ultrasonography
	Thermography, Diskography, and Computed Tomographic Diskography
	Nuclear Medicine Examinations

	Indications for Imaging and Imaging Findings
	Degenerative Disk Disease, Including Back Pain
	Degenerative Disk Changes
	Degenerative Marrow Changes
	Degenerative Facet and Ligamentous Changes
	Alignment Abnormalities
	Disk Herniation
	Spinal Stenosis
	Significance of Imaging Findings and When to Image

	Metastatic Disease
	Infection
	Trauma
	Computed Tomography
	Radiography
	Magnetic Resonance Imaging

	Postoperative Imaging
	Magnetic Resonance Imaging
	Computed Tomography
	Radiography

	Congenital Abnormalities
	Vascular Disorders
	Vascular Malformations of the Spine and Spinal Cord

	Scout Images and Paravertebral Soft Tissues
	Marrow and Extradural Evaluation
	Extradural Evaluation
	Marrow Imaging
	Normal Marrow Appearance.
	Approach to Marrow Abnormalities.
	Benign Versus Pathologic Compression Fracture.
	Multiple Myeloma.
	Hemangiomas.
	Chordomas.
	Other Primary Bone Neoplasms.

	Intradural Extramedullary Disease
	Meningiomas.
	Schwannomas.
	Dermoid and Epidermoid Tumors.
	Myxopapillary Ependymoma.
	Leptomeningeal Disease/Enhancing Nerve Roots.
	Cysts.
	Spinal Cord Herniation.

	Intramedullary Disease and Tumors
	Demyelination/Acute Transverse Myelitis.
	Primary Spinal Cord Tumors.
	Spinal Cord Syrinx.



	Suggested Readings
	References


	Chapter 13
	13 Physiologic Evaluation of the Brain with Magnetic Resonance Imaging

	Chapter 13z
	13 Physiologic Evaluation of the Brain with Magnetic Resonance Imaging
	Diffusion-Weighted Imaging
	Physics
	Clinical Uses and Applications
	Pitfalls and Limitations

	Diffusion Tensor Imaging and Tractography
	Physics
	Clinical Uses and Applications
	Pitfalls and Limitations

	Magnetic Resonance Angiography
	Physics
	Clinical Uses and Applications
	Stroke
	Intracranial Aneurysms
	Vascular Malformations
	Intracranial Venous System and Sinus Venous Thrombosis

	Pitfalls and Limitations

	Phase-Contrast Magnetic Resonance Imaging of Cerebrospinal Fluid Flow
	Physics
	Clinical Uses and Applications
	Normal Cerebrospinal Fluid Flow
	Abnormal Flow of Cerebrospinal Fluid

	Pitfalls and Limitations

	Perfusion- and Permeability-Weighted Imaging
	Physics
	Clinical Uses and Applications
	Pitfalls and Limitations

	Functional Magnetic Resonance Imaging
	Physics
	Clinical Uses and Applications
	Pitfalls and Limitations

	Proton Magnetic Resonance Spectroscopy
	Physics
	Clinical Uses and Applications
	Pitfalls and Limitations

	Magnetic Resonance Elastography
	Physics
	Clinical Uses and Applications
	Tumors
	Normal-Pressure Hydrocephalus
	Dementia

	Limitations and Pitfalls

	Combined Positron Emission Tomography/Magnetic Resonance Imaging
	Clinical Uses and Applications
	Epilepsy
	Stroke

	Limitations and Pitfalls

	Suggested Readings
	References


	Chapter 14
	14 Molecular Imaging of the Brain with Positron Emission Tomography

	Chapter 14z
	14 Molecular Imaging of the Brain with Positron Emission Tomography
	Basic Principles of Positron Emission Tomography
	The Cyclotron and Radiochemical Procedures
	The PET Camera and Brain Imaging
	Tracer Kinetic Models

	PET Imaging for the Assessment of Biologic Disease Processes
	Movement Disorders
	Essential Tremor
	Parkinsonian Syndromes
	Huntington’s Disease

	Dementia
	Psychiatric Disease
	Epilepsy
	Temporal Lobe Epilepsy
	Use of FDG-PET with Other Imaging Modalities.

	Extratemporal Lobe Epilepsy

	Brain Tumors
	Stroke and Brain Injury

	In Vivo Drug Monitoring with PET
	Future Directions for Biologic Imaging and Molecular Medicine
	Conclusion
	Suggested Readings
	References


	Chapter 15
	15 Intracranial Pressure Monitoring
	Historical Perspective
	General Principles and Standard of Intracranial Pressure Monitoring Technology
	Current Intracranial Pressure Monitoring Technology
	External Ventricular Drain
	Venue of External Ventricular Drain Placement
	Extended Tunneling
	Prophylactic Catheter Exchange
	Prophylactic Antibiotic Use
	Antibiotic-Impregnated Catheter

	Fiberoptic Intracranial Pressure Monitor
	Miniature Strain Gauge
	Spiegelberg Parenchymal Transducer
	Hummingbird Synergy
	Telemetric Intracranial Pressure Monitoring

	Emerging Technology
	Compliance Monitor
	Noninvasive Intracranial Pressure Monitoring

	Pediatric Intracranial Pressure Monitoring
	Conclusion
	Suggested Readings
	References


	Chapter 16
	16 Principles of Neurocritical Care
	Neurocritical Considerations in Ischemic Stroke
	Blood Pressure
	Glucose Control
	Temperature
	Nutrition and Hydration
	Cardiac Monitoring
	Antiplatelet Therapy
	Anticoagulants
	Treatment of Acute Neurological Complications
	Cerebral Edema
	Hemorrhagic Transformation
	Seizures


	Neurocritical Considerations in Intracerebral Hemorrhage
	Reversal of Coagulopathy
	Blood Pressure Control
	Surgical Evacuation

	Neurocritical Considerations in Aneurysmal Subarachnoid Hemorrhage
	General Considerations
	Rehemorrhage
	Hydrocephalus and Intracranial Pressure
	Hyponatremia
	Vasospasm
	Seizures
	Cardiac Abnormalities

	Neurocritical Considerations in Spinal Cord Injury
	Hemodynamics
	Pulmonary Considerations
	Pharmacologic Therapy
	Hypothermia

	Suggested Readings
	References


	Chapter 17
	17 The Neurosurgical Intensive Care Unit and the Unique Role of the Neurosurgeon
	History of the Neuro-ICU and Harvey Cushing’s Contributions
	Evaluation of the Neuro-ICU Patient
	The Role of the ICU in the Care of Neurosurgery Patients
	Elements of Neuro-ICU Care
	Neurocritical Care Training
	Models of Neuro-ICU Care
	Conclusion
	Suggested Readings
	References


	Chapter 18
	18 Surgical Planning
	Preoperative Evaluation
	Neuroimaging Studies
	Anesthesia
	General Determination of Surgical Approach
	Considerations for Cranial Procedures
	Cranial Tumor Cases
	Operative Planning for Cerebrovascular Cases
	Planning of Spine Procedures

	Conclusion
	Suggested Readings


	Chapter 19
	19 Surgical Simulation and Robotic Surgery

	Chapter 19z
	19 Surgical Simulation and Robotic Surgery
	Simulation
	NeuroTouch Simulator
	SuRgical Planner and Surgical Navigation Advanced Platform
	ImmersiveTouch Simulation System
	The Future of Neurosurgical Simulation

	Robotics
	Cranial Application of Robotics
	Spinal Application of Robotics

	Conclusion
	Disclosure
	Suggested Readings
	References


	Chapter 20
	20 Positioning for Cranial Surgery

	Chapter 20z
	20 Positioning for Cranial Surgery
	Supine Position
	Lateral Decubitus Position
	Prone Position
	Three-Quarter Prone Position
	Sitting Position
	Additional Considerations
	Conclusion
	References


	Chapter 21
	21 Positioning for Spinal Surgery

	Chapter 21z
	21 Positioning for Spinal Surgery
	Operating Tables, Frames, and Head Holders
	Spinal Table
	Standard Table
	Wilson Frame
	Skull Tongs
	Skull Clamp
	Caspar Head Holder
	Head Cushions

	Patient Positions
	Prone
	Supine
	Lateral

	Position-Related Complications
	Spinal Cord Injury
	Vision Loss
	Peripheral Neuropathy
	Soft Tissue Injury

	Conclusion
	References


	Chapter 22
	22 Positioning for Peripheral Nerve Surgery

	Chapter 22z
	22 Positioning for Peripheral Nerve Surgery
	Anatomy, Positioning, and Surgical Exposure
	Upper Extremity
	Brachial Plexus
	Anatomy.
	Positioning.
	Surgical Exposure.

	Median and Anterior Interosseous Nerve
	In Arm
	Positioning.
	Surgical Exposure.

	In Forearm
	Surgical Exposure.


	Radial and Posterior Interosseous Nerve
	In Arm
	Positioning.
	Surgical Exposure.

	In Forearm
	Positioning.
	Surgical Exposure.


	Ulnar Nerve
	In Elbow and Forearm
	Positioning.
	Surgical Exposure.



	Lower Extremity
	Sciatic Nerve
	Anatomy.
	Positioning.
	Surgical Exposure.

	Peroneal Nerve
	Positioning.
	Surgical Exposure.

	Tibial Nerve
	In Leg
	Positioning.
	Surgical Exposure.

	At Tarsal Tunnel
	Positioning.
	Surgical Exposure.


	Sural Nerve
	Positioning and Surgical Exposure.



	References


	Chapter 23
	23 Incisions and Closures

	Chapter 23z
	23 Incisions and Closures
	Wound Healing
	Special Considerations in Wound Healing

	Indications for Antibiotics
	Surgical Anatomy
	Incision
	Flap Design
	Closure
	Conclusion
	Suggested Readings
	References


	Chapter 24
	24 Brain Retraction
	Historical Perspectives
	Toward Exploration of the Brain
	The Early Methods
	Handheld Brain Retractors
	Modifications of the Handheld Retractor
	Self-Retaining Retractors
	Soft Tissue–Mounted Retractors
	Skull-Mounted Retractors
	Table-Mounted Retractors
	Headrest-Mounted Retractors

	Principles of Retractor-Based Surgery and Avoidance of Retractor Injury
	Patient Factors
	Surgical Anatomy
	Positioning the Patient
	Maximization of Bony Exposure
	Dissection Corridors

	Adjuvant Techniques
	Fluid Diversion
	Neuronavigation

	Technical Aspects of Brain Retraction
	Retractor Positioning
	Retraction Systems
	Altering Pressure
	Light and Magnification


	Retraction Injuries
	Incidence of Retraction Injury
	Pathophysiologic Mechanisms of Retraction Injury
	Cerebral Blood Flow
	Mechanical Disruption and Damage

	Detecting Retraction Injury

	Future Directions
	Simulation
	Twenty-First Century Brain Retraction
	Spoon Retractors
	Balloon Retraction
	Revisiting Sponge Retraction
	Tubular Retractor Systems: Minimal Invasion of the Brain Parenchyma
	Retractorless Brain Surgery: Toward a More Dynamic Neurosurgeon


	Conclusion
	Suggested Readings
	References


	Chapter 25
	25 Visualization and Optics in Neurosurgery
	Our Understanding of Vision
	Augmentation of Vision
	The Operating Microscope
	New Technologies for Surgical Visualization
	High Dynamic Range Imaging
	Focus Stacking
	Visual Annotation

	The Visual Record
	The Visual Record in Neurosurgery
	Microneurosurgical Anatomy
	Moving Pictures

	Future Directions
	Suggested Readings
	References


	Chapter 26
	26 Advantages and Limitations of Cranial Endoscopy
	History of Endoscopy
	Endoscopic Instrumentation and General Principles
	Endoscopy and Hydrocephalus
	Endoscopy and Tumor Resection
	Endoscopy and Arachnoid Cysts
	Endoscopy and the Skull Base
	Endoscopy and Craniosynostosis
	Endoscope-Assisted Microneurosurgery

	Limitations of Use of the Endoscope in Intracranial Surgery
	Conclusion
	Suggested Readings
	References


	Chapter 27
	27 Thorascopic Spine Surgery
	Principles
	Indications
	Technical Requirements
	Trocars
	Image Transmission
	Instruments
	Implants

	Preoperative Requirements
	Education of the Patient
	Anesthesia
	Positioning of the Patient
	Designing the Entry Portals

	Operative Techniques
	Approach to the Thoracolumbar Junction
	Endoscopic Treatment of Spinal Trauma (Anterior Reconstruction)
	Landmarks
	Preparation of the Segment Vessels
	Cannulated Screw Insertion
	Insertion of the Bone Graft
	Ventral Instrumentation with a Constraint Plate Implant
	Final Stages of the Endoscopic Operation


	Special Indications
	Removal of Posterior Wall Fragments: Endoscopic Anterior Decompression
	Operative Technique

	Removal of Protruded Herniated Disk: Endoscopic Treatment of Degenerative Disk Disease
	Operative Treatment Options
	Special Anatomic Considerations
	Operating Room Setup
	Positioning the Patient.
	Confirmation of the Operative Site.

	Operative Technique
	Technical and Operative Details

	Resection of Metastatic Spinal Tumors in Thorax and Thoracolumbar Junction: Special Considerations

	Conclusion
	Suggested Readings
	References


	Chapter 28
	28 Cranioplasty

	Chapter 28z
	28 Cranioplasty
	Clinical Indications for Cranioplasty
	Timing of Cranioplasty
	Preoperative Management
	Cranioplasty Material Options
	Operative Technique
	Postoperative Care
	Complications after Cranioplasty
	Conclusion
	Suggested Readings
	References


	Chapter 29
	29 Production and Flow of Cerebrospinal Fluid

	Chapter 29z
	29 Production and Flow of Cerebrospinal Fluid
	Intricate Fluid Balance within the Central Nervous System
	Variation in Cerebrospinal Fluid Production
	Mechanisms of Cerebrospinal Fluid Formation by Choroid Plexus
	Sodium
	Chloride
	Bicarbonate
	Water

	Regulation of Cerebrospinal Fluid Formation
	Neurohumoral Ligands and Receptors
	Diuretic Agents and Ion Transporters

	Cerebrospinal Fluid Formation Rate in Hydrocephalus
	Cerebrospinal Fluid Flow
	Interruption of Cerebrospinal Fluid Flow at Various Loci
	Aqueduct
	Basal Cisterns
	Cortical Subarachnoid Space

	Cerebrospinal Fluid Turnover Rate
	Transport Phenomena in Hydrocephalus: Cerebrospinal Fluid–Bordering Cells Versus Blood-Brain Barrier
	Cerebrospinal Fluid Diagnostic and Management Issues in Adult Chronic Hydrocephalus
	Challenges in Rectifying Distorted Cerebrospinal Fluid Dynamics
	Acknowledgements
	Suggested Readings
	References


	Chapter 30
	30 Clinical Evaluation of Adult Hydrocephalus
	Diagnostic Tests
	Physical and Neurobehavioral Findings
	Pressure Dynamics of Cerebrospinal Fluid
	Neuroimaging
	Measures of Cerebral Blood Flow or Metabolism

	Conclusion
	Suggested Readings
	References


	Chapter 31
	31 Shunting
	Valve Design and Terminology
	The Differential-Pressure Valve
	Adjustable (“Programmable”) Valves
	Antisiphon, Flow-Restricting, and Gravitational Devices

	Managing Shunt Overdrainage and Underdrainage
	Overdrainage
	Underdrainage

	Valve Selection
	Shunt Configuration
	Cerebrospinal Fluid Access
	Distal Site

	Infection Avoidance
	Shunt Allergies

	Miscellaneous Conditions and Clinical Challenges
	High Protein Concentration or Cell Count in the Cerebrospinal Fluid
	The Patient Undergoing Anticoagulation or Antiplatelet Therapy
	The Hemicraniectomy Patient
	Shunt Operations Associated with Other Procedures
	Continuity Care of the Pediatric Hydrocephalus into Adulthood

	Role of Endoscopic Third Ventriculoscopy
	Disclosure
	Acknowledgment
	Suggested Readings
	References


	Chapter 32
	32 The Role of Third Ventriculostomy in Adults and Children
	Comparison of Adult and Pediatric Hydrocephalus
	Epidemiology

	Patient Selection and Outcomes
	Pediatric Hydrocephalus
	Adult Hydrocephalus
	Late-Onset Idiopathic Aqueductal Stenosis
	Secondary Noncommunicating Hydrocephalus
	Normal-Pressure Hydrocephalus
	Secondary Endoscopic Third Ventriculostomy for Revision of Pediatric-Onset Hydrocephalus


	Preoperative Imaging
	Radiologic Outcomes
	Operative Technique for Endoscopic Third Ventriculostomy
	Operating Suite
	Operative Techniques
	Anatomic Considerations
	Procedure
	Endoscopic Third Ventriculostomy and Choroid Plexus Coagulation (for Infants Younger than 2 Years)
	Closure and Postoperative Issues

	Complications
	Repeated Endoscopic Third Ventriculostomy after Primary Failure
	Conclusion
	Suggested Readings
	References


	Chapter 33
	33 Pathophysiology of Chronic Subdural Hematomas
	Definitions
	Epidemiology
	Cause
	Pathology
	Pathogenesis
	Recurrent Hemorrhage, Fibrinolysis, Inflammation, and Angiogenesis
	Osmotic and Oncotic (Colloid Osmotic) Pressures

	Appearance on Computed Tomography and Magnetic Resonance Imaging
	Natural History and Recurrence after Surgery
	Conclusion
	Suggested Readings
	References


	Chapter 34
	34 Medical and Surgical Management of Chronic Subdural Hematomas
	Epidemiology
	Pathogenesis
	Clinical Presentation
	Diagnosis
	Management
	Preoperative Optimization
	Correction of Coagulopathy and Thrombopathy
	Adjuvant Treatments
	Conservative Management
	Surgical Intervention
	Bur-Hole Craniostomy
	Indications.
	Anesthesia.
	Technique (Video 34-1).
	Discussion.

	Twist-Drill Craniostomy
	Indications.
	Anesthesia.
	Technique.
	Discussion.

	Craniotomy and Mini-craniotomy
	Indications.
	Anesthesia.
	Technique.
	Discussion.

	Anesthesia
	Outcomes

	Postoperative Care
	Follow-up
	Complications and Prognosis

	Future Research Areas
	Conclusion
	Suggested Readings
	References


	Chapter 35
	35 Basic Science of Central Nervous System Infections

	Chapter 35z
	35 Basic Science of Central Nervous System Infections
	Routes of Central Nervous System Infection, or “It’s Not WHOM You Know, It’s How You Get There”
	Role of the Blood-Brain Barrier in Central Nervous System Infections
	Escherichia coli at the Blood-Brain Barrier Interface

	Innate Immunity in the Central Nervous System
	Microglia: Ramón y Cajal’s “Third Element”
	Astrocytes: Stellar Actors in Central Nervous System Immunopathogenesis

	Matrix Metalloproteinases: “You Can’t Have Your Cake and Eat It Too!”
	Brain Edema and Neurotoxicity: Consequences of Central Nervous System Infection
	Brain Edema and Central Nervous System Infections
	Viruses Invading the Central Nervous System
	Bacterial Infections of the Central Nervous System

	Neurotoxicity
	Human Immunodeficiency Virus–Associated Neurotoxicity
	Neurotoxicity and Bacterial Meningitis

	Brain Abscess: Pus in the Parenchyma
	Cerebrospinal Fluid Shunt Infections: The Role of Biofilms

	Suggested Readings
	References


	Chapter 36
	36 Postoperative Infections of the Head and Brain
	Epidemiology and Etiology
	Risk Factors for Infection and Preventive Strategies
	Principles of Treatment
	Superficial Incisional Infections
	Clinical Manifestations
	Diagnostic Imaging and Laboratory Data
	Treatment

	Deep Incisional Infections: Subgaleal Space and Bone Flap
	Clinical Manifestations
	Diagnostic Imaging and Laboratory Data
	Treatment

	Deep Organ Space Infections
	Subdural Empyema
	Clinical Manifestations
	Diagnostic Imaging and Laboratory Data
	Treatment

	Brain Abscess
	Clinical Manifestations
	Diagnostic Imaging and Laboratory Data
	Treatment

	Bacterial Meningitis
	Clinical Manifestations
	Diagnostic Imaging and Laboratory Data
	Treatment


	Conclusion
	Suggested Readings
	References


	Chapter 37
	37 Postoperative Infections of the Spine
	Incidence
	Noninstrumented Spinal Procedures
	Instrumented Spinal Procedures

	Infectious Risk Factors
	Patient-Specific Factors
	Surgery-Specific Factors
	Disease-Specific Factors

	Clinical Findings
	Evaluation
	Imaging Diagnosis
	Plain Radiography and Computed Tomography
	Nuclear Medicine
	Magnetic Resonance Imaging


	Bacteriologic Study
	Treatment
	Nonoperative Treatment
	Surgical Débridement
	Treatment of Infections in the Intrathecal Pump and Spinal Cord Stimulator
	Wound Vacuum-Assisted Closure
	Irrigation-Suction Technique
	Other Surgical Techniques
	Antibiotic Therapy

	Prevention
	Vancomycin Powder

	Suggested Readings
	References


	Chapter 38
	38 The Use and Misuse of Antibiotics in Neurosurgery
	The Importance of Antibiotics in Neurosurgery
	Risks of Antibiotic Administration
	General Principles of Antibiotic Use
	The Blood-Brain and Blood–Cerebrospinal Fluid Barriers
	Pharmacokinetics of Antibiotic Delivery
	Central Nervous System Toxicity of Antibiotic Therapy

	Antibiotic Prophylaxis
	Systemic Antibiotic Prophylaxis
	Clean and Clean-Contaminated Neurosurgical Procedures
	External Ventricular Drains
	Cerebrospinal Fluid Fistula
	Prophylaxis in Spine Surgery

	Topical Antibiotic Prophylaxis
	Cerebrospinal Fluid Shunts


	Antibiotic Treatment
	Soft Tissue Infections
	Necrotizing Soft Tissue Infections

	Meningitis
	Adjuvant Therapy with Dexamethasone

	Empyema
	Brain Abscess
	Ventriculitis
	Shunt Infections
	Infection with Spinal Instrumentation
	Vertebral Osteomyelitis and Diskitis
	Osteomyelitis of the Skull

	Surgical Care Improvement Project Measures
	Conclusion
	Suggested Readings
	References


	Chapter 39
	39 Brain Abscess
	Brain Abscess
	Epidemiology and Pathogenesis
	Etiology

	Clinical Findings and Diagnosis
	Management
	Cranial Subdural Empyema and Epidural Abscess
	Epidemiology and Etiology
	Clinical Findings and Diagnosis
	Management



	Chapter 39z
	39 Brain Abscess
	Brain Abscess
	Epidemiology
	Incidence and Risk Factors
	Pathogenesis

	Etiology
	Bacteria
	Fungi

	Experimental Models of Infection
	Initiation of Infection
	Stages of Infection
	Host Defense Mechanisms

	Clinical Findings
	Diagnosis
	Management
	Bacterial Brain Abscess
	Nocardial Brain Abscess
	Fungal Brain Abscess
	Adjunctive Therapy

	Outcome

	Cranial Subdural Empyema and Epidural Abscess
	Epidemiology and Etiology
	Clinical Findings
	Diagnosis
	Management
	Outcome

	Suggested Readings
	References


	Chapter 40
	40 Meningitis and Encephalitis

	Chapter 40z
	40 Meningitis and Encephalitis
	Bacterial Meningitis
	Community-Acquired Bacterial Meningitis
	Bacterial Pathogens
	Streptococcus pneumoniae.
	Neisseria meningitidis.
	Haemophilus influenzae.
	Listeria monocytogenes.
	Streptococcus agalactiae (Group B Streptococcus).

	Pathophysiology
	Clinical Findings
	Diagnosis
	CSF Studies.
	Serum Inflammation Markers.
	Blood Cultures.
	Polymerase Chain Reaction Analysis.
	Latex Agglutination Test.
	Radiologic Studies.

	Treatment

	Nosocomial Meningitis
	Postcraniotomy Meningitis
	Extraventricular Drain–Induced Meningitis
	Lumbar Drain–Induced Meningitis
	Posttraumatic Meningitis

	Recurrent Bacterial Meningitis

	Bacterial Encephalitis
	Aseptic Meningitis and Encephalitis
	Viral Meningitis and Encephalitis
	Diagnosis
	Viral Pathogens
	Enteroviruses.
	Arboviruses.
	West Nile Virus.
	St. Louis Encephalitis Virus.
	Eastern Equine Encephalitis Virus.
	Western Equine Encephalitis Virus.
	Herpes Simplex Virus.
	Rabies Virus.
	Non-Simplex Herpesviridae
	Varicella-Zoster Virus.
	Human Herpesvirus 6.
	Cytomegalovirus.
	Epstein-Barr Virus.

	Measles Virus.
	Lymphocytic Choriomeningitis Virus.
	Influenza.

	Treatment

	Mycobacteria (Tuberculous Meningitis)
	Fungal Meningitis
	Cryptococcal Meningitis
	Candidal Meningitis
	Coccidioidal Meningitis
	Blastomycosis

	Rickettsia and Spirochetes
	Treponema pallidum (Syphilis)
	Borrelia burgdorferi (Lyme Disease)

	Protozoa
	Naegleria fowleri
	Toxoplasma gondii

	Chemical Meningitis

	Suggested Readings
	References


	Chapter 41
	41 Acquired Immunodeficiency Syndrome

	Chapter 41z
	41 Acquired Immunodeficiency Syndrome
	Human Immunodeficiency Virus Infection of the Nervous System
	Acute Retroviral Syndrome
	Human Immunodeficiency Virus–Associated Encephalopathy
	Myelopathy
	Human Immunodeficiency Virus–Associated Stroke
	Human Immunodeficiency Virus–Associated Neuropathy
	Human Immunodeficiency Virus–Associated Myopathy

	Infection
	Toxoplasmosis
	Fungal Infections
	Mycobacterial Infections
	Viral Infections
	Progressive Multifocal Leukoencephalopathy
	Cytomegalovirus

	Treponema Pallidum and Bartonella Species

	Acquired Immune Deficiency Syndrome–Related Malignancies
	Primary Central Nervous System Lymphoma
	Other Acquired Immune Deficiency Syndrome–Related Malignancies

	Human Immunodeficiency Virus Treatment–Related Neurotoxic Effects
	Conclusion
	Acknowledgments
	Suggested Readings
	References


	Chapter 42
	42 Parasitic Infections
	Protozoal Central Nervous System Infections
	Malaria
	Toxoplasmosis
	Trypanosomiasis
	Free-Living Amebae
	Amebiasis by Entamoeba histolytica

	Helminthic Central Nervous System Infections
	Cysticercosis
	Echinococcosis (Hydatid Disease)
	Paragonimiasis
	Schistosomiasis (Schistosoma mansoni, haematobium, and japonicum)
	Toxocariasis (Toxocara canis and cati)



	Chapter 42z
	42 Parasitic Infections
	Protozoal Infections
	Malaria
	Clinical Manifestations
	Diagnosis
	Pathology
	Treatment

	Toxoplasmosis
	Clinical Manifestations
	Diagnosis
	Pathology
	Treatment

	African Trypanosomiasis
	Clinical Manifestations
	Diagnosis
	Pathology
	Treatment

	American Trypanosomiasis
	Clinical Manifestations
	Diagnosis
	Pathology
	Treatment

	Free-Living Amebae
	Clinical Manifestations
	Diagnosis
	Pathology
	Treatment

	Amebiasis by Entamoeba histolytica

	Helminthic Infections
	Cysticercosis
	Clinical Manifestations
	Diagnosis
	Pathology
	Treatment

	Echinococcosis (Hydatid Disease)
	Cystic Hydatid Disease (Echinococcus granulosus)
	Clinical Manifestations.
	Diagnosis.
	Pathology.
	Treatment.
	Cystic Hydatid Disease of the Brain.
	Cystic Hydatid Disease of the Spine.


	Alveolar Hydatid Disease (Echinococcus multilocularis)
	Clinical Manifestations.
	Diagnosis.
	Pathology.
	Treatment.


	Paragonimiasis
	Clinical Manifestations
	Diagnosis
	Pathology
	Treatment

	Schistosomiasis (Schistosoma mansoni, haematobium, and japonicum)
	Toxocariasis (Toxocara canis and cati)

	Suggested Readings
	References


	Chapter 43
	43 Surgical Risk of Transmittable Disease
	Hepatitis
	Hepatitis B Infection
	Hepatitis C

	Human Immunodeficiency Virus
	Prevention of Occupational Infection
	Personal Protective Barriers
	Technical Considerations
	Response to Exposure

	The Infected Surgeon
	Legal Issues
	Future Considerations
	Suggested Readings
	References


	Section II

	Overview and Future Opportunities
	Controversies and Unresolved Questions


	Chapter 44
	44 Molecular Biology and Genomics

	Chapter 44z
	44 Molecular Biology and Genomics
	The Candidate Gene Approach
	The Rise of Functional Genomics
	Transcriptomics
	Proteomics

	Conclusion
	Suggested Readings
	References


	Chapter 45
	45 Optogenetics and CLARITY*

	Chapter 45z
	45 Optogenetics and CLARITY*
	Optogenetics
	Opsins
	Diverse Optogenetic Tools for Neural Control
	Animal Models
	Outlook

	Optical Calcium Sensors
	Small-Molecule Calcium Reporters
	Genetically Encoded Calcium Indicators
	Optical Signal Readout
	Outlook

	Enhanced Histologic Examination with Transparent Tissue: CLARITY
	Development of Clearing Techniques
	Development of Large Volume Staining
	Imaging Methods and Data Management
	Clinical Applications and Development Outlook

	Conclusions and Outlook
	Suggested Readings
	References


	Chapter 46
	46 Neuroembryology

	Chapter 46z
	46 Neuroembryology
	Classic Neuroembryology
	Developmental Organization: Stages, Genes, and Regulatory Factors
	Gastrulation
	Induction
	Neurulation
	Segmentation and Regionalization
	Patterning of the Neural Tube
	Transcription Factors and Homeoboxes
	Developmental Gene Families of the Central Nervous System
	Function of Retinoic Acid

	Flexures and Sulci of the Brain
	Neocortical Maturation
	Developmental Patterns and Disorders
	Holoprosencephaly
	Neuronogenesis
	Normal Proliferation of Neuroblasts
	Disorders of Neuronogenesis

	Neuroblast Migration
	Normal Development
	Disorders of Neuroblast Migration

	Synaptogenesis
	Myelination
	Cellular Dysmorphogenesis Associated with Defective Genetic Cascades

	Conclusion
	Suggested Readings
	References


	Chapter 47
	47 Stem Cell Biology in the Central Nervous System

	Chapter 47z
	47 Stem Cell Biology in the Central Nervous System
	Stem Cells and Progenitors
	Neurogenesis: Location and Function
	The Subventricular Zone
	The Subgranular Zone
	Regulation of Neurogenesis
	Astrocytes as Stem Cells
	Functional Significance of Neurogenesis

	Gliogenesis
	NG2-Expressing Cells
	Platelet-Derived Growth Factor Receptor α
	A2B5
	Astrocyte Precursor Cells

	Neural Stem Cells in the Spinal Cord
	Stem Cell and Progenitor Response to Injury
	Evidence for Adult Human Neurogenesis
	Stem Cells and Cancer
	Stem Cell–Based Therapies
	Stimulation of Endogenous Mechanisms of Repair
	Transplantation of Stem Cells

	Stem Cell Imaging
	Cell Engineering
	Conclusion
	Suggested Readings
	References


	Chapter 48
	48 Neurons and Neuroglia

	Chapter 48z
	48 Neurons and Neuroglia
	Neurons
	Neuronal Function
	Sensory Neurons
	Mechanical Receptors
	Chemical Receptors
	Physical Receptors

	Effector Neurons
	Motor Neurons
	Neurosecretory Cells

	Neuronal Organization
	Neuronal Structure
	Dendritic Structure
	Cell Body Structure
	Axonal Structure

	Synaptic Structure
	The Cell Biology of Neuronal Death
	Neurodegenerative Diseases

	Neuroglia
	Astrocytes
	Radial Glia
	White Matter Astrocytes
	Gray Matter Astrocytes
	Reactive Astrocytes

	Oligodendrocytes
	Schwann Cells
	Microglia
	Turnover of Microglia

	Oligodendrocyte Progenitor Cells
	Oligodendrocyte Progenitor Cells in Development
	Oligodendrocyte Progenitor Cells in Adult Brain
	Oligodendrocyte Progenitor Cells and Glial Neoplasms
	The Stem Cell as Cell of Origin for Gliomas

	Distribution of Microglia and Oligodendrocyte Progenitor Cells
	Ependymal Cells

	Transplantation Therapies
	Acknowledgments
	Suggested Readings
	References


	Chapter 49
	49 Cellular Mechanisms of Brain Energy Metabolism

	Chapter 49z
	49 Cellular Mechanisms of Brain Energy Metabolism
	Brain Work Supports Information Processing
	Brain Work Maintains Ion Concentrations
	Brain Energy Metabolism Enables Brain Work
	Definition of Brain Activity Levels
	Description of Brain Activity Stages
	Metabolic and Nonfunctional Baselines (Stages 0 and 1)
	Low Functional State (Stage 2)
	Normal (Default) and Physiologically Elevated Functional States (Stages 3 and 4)


	Metabolism Depends on Delivery of Substrates to the Brain
	Glucose Transport
	Monocarboxylate Transport
	Distribution of Enzymes and Transporters
	Oxygen Delivery

	Homeostatic Mechanisms Maintain Constant Adenosine Triphosphate
	Hydrolysis of Phosphocreatine
	Glycolysis
	Lactate Synthesis
	Oxidative Phosphorylation
	Pyruvate Dehydrogenase Complex and the Tricarboxylic Acid Cycle
	Cytochrome Oxidation and the Electron Transport Chain
	Oxidative Phosphorylation
	Uncoupling


	Metabolic Compartments Exchange Pyruvate and Lactate
	Functional Properties of Neurons and Astrocytes
	Metabolic Properties of Neurons and Astrocytes
	Distribution of Oxidative Capacities
	Distribution of Glycolytic Capacities
	Distribution of Volumes among Metabolic Compartments

	Metabolite Cycling
	Steady-State Metabolic Rates of Human Brain

	Activation Perturbs Metabolic Compartments Differentially
	Ion Homeostasis during Activation
	Brain Energy Metabolism during Activation
	Global Steady-State Changes in Energy Metabolism
	Local Changes in Energy Metabolism in Response to Stimulation
	Changes in Metabolites during Activation

	Substrate Delivery During Activation
	Regulation of Microvascular Oxygen
	Blood Oxygenation Level–Dependent Signal Changes during Activation
	Changes in Tissue Oxygen during Activation

	Regulation of Blood Flow
	Pericytes
	Nitric Oxide
	Prostanoids
	Lactate
	Potassium

	Adenosine Triphosphate Homeostasis during Activation
	Hydrolysis of Phosphocreatine during Activation
	Glycolysis during Activation
	Oxidative Phosphorylation during Activation
	Metabolic Compartmentation during Activation
	Sites of Cellular Activity during Activation
	Models of Compartmentation during Activation


	Conclusion
	Suggested Readings
	References


	Chapter 50
	50 Cellular and Molecular Responses in the Peripheral and Central Nervous Systems
	Peripheral Nervous System Response to Injury
	Cell Body Survival and the Peripheral Nervous System Axonal Pathway
	Extracellular Matrix Proteins and Cellular and Molecular Response in the Peripheral Nervous System
	Axonal Regeneration in the Peripheral Nervous System and Factors Influencing Target Reinnervation in End Organs

	Central Nervous System Response to Injury
	Opportunities for Intervention


	Chapter 50z
	50 Cellular and Molecular Responses in the Peripheral and Central Nervous Systems
	Peripheral Nervous System Response to Injury
	Cell Body Survival
	The Peripheral Nerve System Axonal Pathway
	Extracellular Matrix Proteins
	Cellular and Molecular Response in the Peripheral Nervous System
	Cytokines
	Axonal Regeneration in the Peripheral Nervous System
	Factors Influencing Target Reinnervation in End Organs

	Central Nervous System Response to Axonal Injury
	Opportunities for Intervention
	Saving Neurons
	Promoting Regeneration
	Other Strategies

	Conclusion
	Suggested Readings
	References


	Chapter 51
	51 The Blood-Brain Barrier

	Chapter 51z
	51 The Blood-Brain Barrier
	Functional Anatomy of the Blood-Brain Barrier
	Transport Across the Blood-Brain Barrier
	Glucose
	Neurotransmitters and Amino Acids
	Ions and Water
	Lipoproteins
	Multidrug Resistance
	Leukocytes

	Tight Junctions
	Membrane-Associated Guanylate Kinase Homologue
	Occludin
	Claudins
	Junctional Adhesion Molecules

	Tight Junction Regulation
	Calcium
	Hypoxia
	G Protein Signaling

	Pathologic Changes in the Blood-Brain Barrier
	Central Nervous System Drug Administration and the Blood-Brain Barrier
	Importance of Adequate Central Nervous System Drug Penetration
	Drug Modifications
	Exporter Protein Modulation
	Opening of Endothelial Tight Junctions—Osmotic Disruption
	Opening of Endothelial Tight Junctions: Parasympathetic Stimulation
	Convection-Enhanced Delivery
	Local Delivery of Polymer-Infused Chemotherapy
	Targeted Toxin Therapy
	Trojan Horse Liposome
	Focused Ultrasound Disruption of the Blood-Brain Barrier
	Modeling of the Blood-Brain Barrier In Vitro

	Imaging the Blood-Brain Barrier
	S100B: A Peripheral Marker of Blood-Brain Barrier Damage
	Blood-Brain Barrier and Neurological Disorders: Epilepsy

	Future Considerations
	Suggested Readings
	References


	Chapter 52
	52 Physiology of the Cerebrospinal Fluid and Intracranial Pressure

	Chapter 52z
	52 Physiology of the Cerebrospinal Fluid and Intracranial Pressure
	Historical Considerations
	General Physiology of Intracranial Pressure
	General Physiology of the Cerebrospinal Fluid
	Steady-State Intracranial Pressure and Cerebrospinal Fluid Dynamics
	Non–Steady-State Dynamics
	Effects of Elevated Intracranial Pressure
	Intracranial Pressure Monitoring
	Physiology of Intracranial Hypertension Therapy
	VCSF
	VBLOOD
	VBRAIN
	VOTHER

	Practical Application of Intracranial Hypertension Therapy
	Suggested Readings
	References


	Chapter 53
	53 Cerebral Edema
	Overview and Historical Background
	The Blood-Brain Barrier
	Molecular Events in Cerebral Edema


	Chapter 53z
	53 Cerebral Edema
	Overview and Historical Background
	The Blood-Brain Barrier
	Molecular Events in Cerebral Edema
	Vasogenic Edema
	Cytotoxic Edema

	Neuroimaging Studies and Classification of Cerebral Edema
	Treatment of Cerebral Edema
	Suggested Readings
	References


	Chapter 54
	54 Extracellular Fluid Movement and Clearance in the Brain

	Chapter 54z
	54 Extracellular Fluid Movement and Clearance in the Brain
	Basic Principals Governing Interstitial Fluid Flow in the Brain
	Diffusion and Bulk Flow
	The Extracellular Space
	Driving Forces for Bulk Flow
	Role of Astrocytes in Fluid Movement through the Extracellular Space

	Physiology of Interstitial Fluid Movement
	Blood−Cerebrospinal Fluid Interactions
	Ventricular Cerebrospinal Fluid–Interstitial Fluid Exchange
	Paravascular Pathway for Cerebrospinal Fluid−Interstitial Fluid Exchange

	Clinical Implications of Glymphatic Pathway Function
	Developmental Considerations
	Alzheimer’s Disease and Diseases of Protein Aggregation
	Cerebral Edema
	Hydrocephalus
	Subarachnoid Hemorrhage
	Neuroinflammation and Glial Injury

	Intrathecal, Intraventricular, and Intraparenchymal Delivery of Medications
	Drug Delivery to the Cerebrospinal Fluid
	Intraparenchymal Drug Delivery

	Conclusion
	Suggested Readings
	References


	Chapter 55
	55 Altered Consciousness

	Chapter 55z
	55 Altered Consciousness
	A Brief Taxonomy
	Coma
	Vegetative State
	Minimally Conscious State
	Akinetic Mutism

	An Organizing Strategy to Assess Disorders of Consciousness Based on Anatomic and Physiologic Considerations
	A Guide to Formulating Prognosis in Patients with Disorders of Consciousness
	Emerging Role of Neuroimaging in Altered Consciousness: Opportunities and Limitations
	Cognitive Motor Dissociation
	Suggested Readings
	References


	Chapter 56
	56 Neuropsychological Testing

	Chapter 56z
	56 Neuropsychological Testing
	Clinical Assessment
	Clinical Interventions
	Quantifying Recovery of Function after Brain Surgery
	Prediction of Performance in Real-Life Circumstances
	Treatment Trials
	Advances in Cognitive Neuroscience
	Case Example: Neuropsychology and Cancer
	Discussion and Future Directions
	Suggested Readings
	References


	Chapter 57
	57 Neurosurgical Epidemiology and Outcomes Assessment

	Chapter 57y
	57 Neurosurgical Epidemiology and Outcomes Assessment
	Sources of Error in Analysis
	Bias
	Control of Confounding Variables
	Exclusion
	Standardization
	Stratification
	Matching
	Modeling
	Randomization

	Noise: Statistical Analysis in Outcomes Assessment
	Alpha and Beta Error and Power
	Multiple Tests
	Confidence Intervals
	Univariate versus Multivariate Techniques
	Events Over Time/Survival Analysis


	Statistics and Probability in Diagnosis
	Pretest-Posttest Probability—A Bayesian Approach
	Properties of Diagnostic Tests
	Clinical Decision Rules

	Measurement in Clinical Neurosurgery
	Surrogate versus True End Points
	Techniques of Measurement
	Validity
	Reliability
	Clinical Agreement
	Responsiveness

	Measurement Instruments
	Choosing a Specific Measure

	Specific Study Designs
	Descriptive Studies
	Case Reports and Case Series
	Cross-Sectional Surveys
	Descriptive Cohort Studies

	Analytic Studies
	Observational Studies
	Case-Control Studies.
	Cohort Studies.
	Diagnosis and Patient Assessment Studies.
	Natural History Studies.
	Large Database Studies: Case Registries and Administrative Databases.
	Using Large Databases.


	Interventional Studies
	Dose Escalation Studies.
	Randomized Clinical Trials.
	Hypothesis.
	Determination of the Population to be Studied.
	Measurements of Baseline Factors.
	Allocation.
	Maneuver.
	Measuring Outcomes.
	Analyzing Results.
	Reporting Results.
	Special Issues in Surgical Randomized Controlled Trials.


	Meta-analysis

	Systematic Review
	Evaluating New Technologies

	The Evidence-Based Approach to Practice
	Evaluating Cumulative Evidence
	Practice Assessment
	The Future of Evidence-Based Practice

	Suggested Readings
	References


	Section III

	Overview and Controversies
	Overview
	Controversies in Epilepsy
	Do Animal Models of Epilepsy Mimic the Human Disease?
	Is Levetiracetam Safe and Efficacious for Patients Undergoing Neurosurgery or with Status Epilepticus?
	Can Antiepileptic Medications Be Discontinued after Successful Epilepsy Surgery?
	What Is the Optimal Neuroimaging Evaluation in a Candidate for Epilepsy Surgery?
	Structural Imaging

	Is Wada Testing Still Necessary before Temporal Lobe Epilepsy Surgery?
	Minimally Invasive versus Maximally Resective Epilepsy Surgery: What Will Improve Safety and Outcomes?
	When Is Invasive Brain Recording Necessary? Which Technique Is Preferable: Subdural Recording or Stereo-Electroencephalography?
	ATL versus SAH versus LITT versus SRS for MTLE
	Selective Amygdalohippocampectomy versus Anterior Temporal Lobectomy
	Laser Interstitial Thermal Therapy
	Stereotactic Radiosurgery

	Electrical Stimulation: What Kind and Where?
	Tumor Surgery versus Epilepsy Surgery for Patients with Glioma and Epilepsy: Is Invasive Monitoring Needed?
	Will Imaging Make Intracranial Monitoring Obsolete?

	References


	Chapter 58
	58 Electrophysiologic Properties of the Mammalian Central Nervous System

	Chapter 58z
	58 Electrophysiologic Properties of the Mammalian Central Nervous System
	Electrical Properties of Mammalian Cells
	Ion Channels in Neurons and Glia
	Genesis of Fast Sodium Action Potentials and Properties of Sodium Channels
	Calcium Action Potentials and Calcium Channels
	Repolarization of Action Potentials and Maintenance of Resting Membrane Potential: Potassium Channels
	Glial Ion Channels and Glutamate Release
	Expression of Ion Currents in Different Neuronal Populations
	Ion Channelopathies

	Intercellular Communication: Electrical and Chemical Synaptic Transmission
	Electrical Synaptic Transmission
	Chemical Synaptic Transmission
	Deep Brain Stimulation: Electrophysiologic Mechanisms and Recent Advancements

	Maintenance of Extracellular Homeostasis
	Epilepsy: Effects of Brain Homeostasis Deregulation
	Epilepsy: Contributions and Consequences

	Electrophysiologic Monitoring and Recording in Neurosurgery
	Electroencephalography, Stereo-Encephalography, and Electrocorticography
	Single-Unit and Multiunit Recording
	Transforming Electrophysiologic Recordings Into Functional Output: Brain Computer Interface

	Suggested Readings
	References


	Chapter 59
	59 Animal Models of Epilepsy

	Chapter 59z
	59 Animal Models of Epilepsy
	Temporal Lobe Epilepsy
	Stimulus-Induced Model of Temporal Lobe Epilepsy
	Kindling

	Chemical-Induced Model of Temporal Lobe Epilepsy
	Pilocarpine and Kainate


	Cortical Malformations and Epilepsy
	Injury-Based Models of Cortical Malformation
	Methylazoxymethanol
	Irradiation
	Freeze Lesion

	Genetic Models of Cortical Malformation
	Telencephalic Internal Structural Heterotopia Mutant Rat
	The Reeler Mutant Mouse
	Lis1

	Focal Epilepsies
	Aluminum Model
	Ferrous Chloride Model


	Conclusion
	Suggested Readings
	References


	Chapter 60
	60 Malformations of Cortical Development

	Chapter 60z
	60 Malformations of Cortical Development
	Classification of Malformations of Cortical Development
	Disorders of Cellular Proliferation
	Disorders of Neuronal Migration
	Disorders of Cortical Organization
	Disorders with Unknown Mechanisms

	Surgery for Malformations of Cortical Development
	Conclusion
	Suggested Readings
	References


	Chapter 61
	61 Diagnosis and Classification of Seizures and Epilepsy
	Definition of Epilepsy
	Controversies in the Classification of Epilepsy and Seizures
	Classification of Seizures
	Classification of Epilepsy Syndromes

	Diagnosis of Seizures and Epilepsy
	Initial Diagnostic Approach and Differential Diagnosis
	Was the Event a Seizure?
	If the Event Was a Seizure, Was It Unprovoked?

	The First Seizure
	Investigations
	Initial Investigations
	Electroencephalography
	Neuroimaging


	Conclusions
	Suggested Readings
	References


	Chapter 62
	62 Antiepileptic Medications
	Clinical Pharmacologic Features of Antiepileptic Drugs
	Antiepileptic Drugs
	Phenytoin
	Carbamazepine and Oxcarbazepine
	Valproic Acid
	Phenobarbital and Primidone
	Felbamate
	Gabapentin and Pregabalin
	Lamotrigine
	Topiramate
	Levetiracetam
	Zonisamide
	Lacosamide
	Newly Approved Antiepileptic Drugs
	Perampanel.
	Rufinamide.
	Eslicarbazepine Acetate.
	Clobazam.


	Use of Anesthetics
	Midazolam and Propofol


	Initiation and Discontinuation of Antiepileptic Drugs
	Decision to Initiate Antiepileptic Drug Treatment
	Special Neurosurgical Considerations
	Craniotomy and Perioperative Antiepileptic Drugs
	Trauma and Antiepileptic Drugs
	Brain Tumors and Antiepileptic Drug Therapy

	Decision to Discontinue Drug Treatment

	Suggested Readings
	References


	Chapter 63
	63 Continuous Electroencephalography in Neurological-Neurosurgical Intensive Care
	Electroencephalography-Related Infrastructure in Intensive Care Units
	Detection of Nonconvulsive Seizures and Status Epilepticus
	Nonconvulsive Seizures and Nonconvulsive Status Epilepticus
	Definitions
	Etiology
	Incidence
	Diagnosis

	Convulsive Status Epilepticus
	Treatment of Status Epilepticus and Nonconvulsive Seizures

	Traumatic Brain Injury
	Subarachnoid Hemorrhage
	Intracerebral Hemorrhage
	Acute Ischemic Stroke
	Hypoxic-Ischemic Injury and Post−Cardiac Arrest Syndrome
	Electroencephalography and Prognostication in Post−Cardiac Arrest Syndrome

	Infectious and Noninfectious Encephalopathies

	Detection of Ischemia
	Ischemia Detection in Subarachnoid Hemorrhage
	Ischemia Detection in Acute Ischemic Stroke

	Periodic Discharges
	Electroencephalography and Invasive Brain Monitoring
	Scalp Electroencephalography for Multimodal Monitoring Devices
	Intracranial Electroencephalography Monitoring
	Cortical Spreading Depolarization

	Conclusion and Future Directions
	Acknowledgement
	Funding Source
	Suggested Readings
	References


	Chapter 64
	64 Evaluation of Patients for Epilepsy Surgery
	Goals of Presurgical Evaluation of Patients with Epilepsy
	Clinical Approach and Techniques Used in the Presurgical Evaluation
	Clinical Approach
	Necessary Techniques for the Localization of the Epileptogenic Zone
	High-Resolution Magnetic Resonance Imaging
	Scalp-Video Electroencephalographic Monitoring

	Patient Management Conference
	Evolution of the Patient Management Conference during an Era of a Changing Health Care Landscape
	Evolution of the Patient Management Conference during an Era of a Changing Health Care Landscape

	Invasive Evaluation Techniques in Presurgical Evaluation
	Rationale
	Indications for Invasive Evaluation
	Choice of Invasive Method
	Subdural Grid Implantation Method.
	Principles of and Indications for Placement of Subdural Electrodes.

	Stereo-Electroencephalography Method.
	Principles and Technique of Implantation.
	Indications for Electrode Placement.




	Conclusion
	Suggested Readings
	References


	Chapter 65
	65 Neuroradiologic Evaluation for Epilepsy Surgery
	Magnetic Resonance Imaging in Epilepsy
	Indications
	Epilepsy Protocol
	Optional Sequences

	Structural Cerebral Abnormalities Identified with Magnetic Resonance Imaging
	Hippocampal Sclerosis
	Malformations of Cortical Development
	Group I
	Group II
	Group III
	Mild Malformations of Cortical Development.


	Focal Cortical Dysplasia
	Age and Imaging of Focal Cortical Dysplasia

	Tumors
	Vascular Malformations
	Transient Changes on Magnetic Resonance Imaging in Relation to Seizures
	Structural Magnetic Resonance Imaging and Cognition in Epilepsy

	Functional Imaging
	Functional Magnetic Resonance Imaging
	Motor Function
	Language

	Electroencephalography–Functional Magnetic Resonance Imaging
	Diffusion-Weighted Imaging

	Magnetic Resonance Spectroscopy
	Multimodality Imaging in Epilepsy Surgery
	Principles of Multimodality
	Application to Epilepsy Surgery
	Current Practice
	Barriers to Widespread Adoption
	Organizational Infrastructure
	Accuracy
	Validity
	Future Directions

	Interventional Magnetic Resonance Imaging
	Conclusion
	Suggested Readings
	References


	Chapter 66
	66 Magnetoencephalography (MEG)/Magnetic Source Imaging (MSI)
	Magnetoencephalography Principles
	Brief Overview of Clinical Magnetoencephalography
	Role of Magnetoencephalography in Epilepsy Surgery
	Applications of Magnetoencephalography in Functional Mapping in Neurosurgery
	Somatosensory Mapping
	Motor Mapping
	Language Mapping
	Visual Cortex Mapping
	Auditory Cortex Mapping

	Multimodal Integration of Magnetoencephalography With Other Diagnostic Tests
	Future Directions in Clinical Magnetoencephalography
	Conclusion
	Acknowledgments
	Suggested Readings
	References


	Chapter 67
	67 Single-Photon Emission Computed Tomography in Epilepsy Surgery Evaluation
	Ictal Single-Photon Emission Computed Tomography
	Ictal and Interictal Single-Photon Emission Computed Tomography
	SISCOM
	Statistical Parameter Mapping STATISCOM
	Limitations of Single-Photon Emission Computed Tomography
	Outcome Procedures Associated with Single-Photon Emission Computed Tomography
	Take-Home Points for the Surgeon
	Suggested Readings
	References


	Chapter 68
	68 Wada Testing
	Procedures
	Pre-Wada Procedures
	Wada Procedure: Cognitive Testing

	Interpretation of Wada Testing Results
	Language
	Memory
	Pass versus Fail
	Memory Asymmetry


	Anesthetic Agents and Dosages
	Safety
	Wada Testing in Children
	Perfusion Patterns
	Reliability
	Validity
	Changes in the Use of Wada Testing and Possible Alternatives
	Functional Neuroimaging
	Language
	Memory

	Closing Comments
	Suggested Readings
	References


	Chapter 69
	69 Motor, Sensory, and Language Mapping and Monitoring for Cortical Resections
	Foundations of Language Mapping in Epilepsy Surgery
	Preoperative Testing
	Intraoperative Mapping
	Generating and Interpreting Language Maps
	Strategies for Surgical Resection in Eloquent Regions
	Using the Map to Plan Surgical Resection
	Conclusion
	Suggested Readings
	References


	Chapter 70
	70 Investigation of Human Cognition in Epilepsy Surgery Patients
	Subjects
	Electrodes
	Implantation Surgery
	Verification of Electrode Placement

	Research Methods
	Recording of Electrical Activity
	Cognitive Task
	Electrical Stimulation
	Cooling
	Measurement of Physiologic Phenomena

	Cognitive Studies
	Cognitive Studies in the Medial Temporal Lobe
	Cognitive Studies in the Anterior Temporal Lobe
	Cognitive Studies in the Ventromedial Prefrontal Cortex
	Investigation of Emotion Representation
	Investigation of Expectation of Reward and Punishment


	Conclusion
	Suggested Readings
	References


	Chapter 71
	71 Intracranial Monitoring
	Indications
	Hardware
	Preoperative Planning
	Electrode Configuration and Type
	Surgical Technique
	Electrode Localization
	Postoperative Course
	Intracranial Recording and Mapping
	Complications
	Risk Factors
	Outcomes
	Conclusion
	Suggested Readings
	References


	Chapter 72
	72 Intracranial Monitoring
	Historical Perspective and Principles
	Choosing the Appropriate Method for Invasive Monitoring
	Planning the Stereo-Electroencephalography Implantation
	Limbic Network Explorations
	Frontoparietal Network Explorations
	Posterior Quadrant Network Explorations

	Implantation Technique
	Morbidity and Seizure Outcome
	Conclusions
	Suggested Readings
	References


	Chapter 73
	73 Surgical Techniques for Non–Temporal Lobe Epilepsy
	Corpus Callosotomy
	History
	Patient Selection
	Operative Procedure
	Preoperative Imaging

	Anesthesia and Positioning

	Surgical Technique
	Results
	Complications
	Conclusion
	Multiple Subpial Transection
	History
	Patient Selection
	Operative Procedure
	Transections

	Pathology, Imaging, and Complications
	Pathology
	Radiology and Functional Imaging
	Complications
	Seizure Outcome
	Conclusion

	Topectomy
	Patient Selection
	Presurgical Evaluation
	Noninvasive Evaluation
	Symptomatic Localization.
	Extracranial Electroencephalography.
	Neuroimaging.
	Neuropsychological Testing.

	Invasive Evaluation
	The Wada Test.
	Invasive Electroencephalography.


	Surgical Topectomy Procedure
	General Principles from Anatomic Considerations
	Preoperative Care and Anesthesia
	Intraoperative Electrocorticography
	Cortical Stimulation (Functional Mapping)
	Surgical Technique

	Surgical Outcome
	Conclusion

	Suggested Readings
	References


	Chapter 74
	74 Surgery for Extratemporal Lobe Epilepsy
	Frontal Lobe Epilepsy
	Expression, Diagnosis, and Evaluation
	Surgical Resection
	Outcomes

	Occipital Lobe Epilepsy
	Expression, Diagnosis, and Evaluation
	Surgical Resection
	Outcomes

	Parietal Lobe Epilepsy
	Expression, Diagnosis, and Evaluation
	Surgical Resection
	Outcomes

	Insular Epilepsy
	Expression, Diagnosis, and Evaluation
	Surgical Technique
	Outcomes

	Conclusion
	Suggested Readings
	References


	Chapter 75
	75 Standard Temporal Lobectomy
	Historical Perspective
	Preoperative Evaluation
	Surgical Decision Making
	General Anatomy
	Language Localization
	Visual Fibers
	Anterior Temporal Lesions
	Extent of Lateral Resection
	Extent of Medial Resection
	Neuropsychological Testing

	Surgical Technique
	Craniotomy
	Lateral Temporal Resection
	Ventricular Exposure
	Amygdala Resection
	Hippocampal Resection

	Postoperative Follow-Up
	Surgical Complications
	Outcomes

	Suggested Readings
	References


	Chapter 76
	76 Selective Approaches to the Mesial Temporal Lobe
	Patient Selection
	Traditional Open Surgical Approaches
	Selective Amygdalohippocampectomy: Operative Technique
	Selective Amygdalohippocampectomy: Evidence Base

	Stereotactic Ablative Approaches
	Laser Interstitial Thermal Therapy
	Laser Interstitial Thermal Therapy: Operative Technique
	Laser Interstitial Thermal Therapy: Evidence Base

	Stereotactic Radiosurgery
	Operative Technique
	Evidence Base

	Conclusion
	Suggested Readings
	References


	Chapter 77
	77 Hemispheric Disconnection Procedures
	Definition
	Development
	Less Resection—More Disconnection

	Indications, Patient Selection, and Timing
	Etiology of Hemispheric Epilepsies
	Hemimegalencephaly
	Sturge-Weber Syndrome
	Rasmussen’s Encephalitis

	Indications
	Timing

	Contraindications to Hemispheric Disconnective Approaches

	Presurgical Evaluation
	Goals of Surgery
	Side Effects and Complications
	Surgical Techniques
	Hemispheric Deafferentation Techniques
	Transsylvian Keyhole Technique
	Vertical Parasagittal Hemispherotomy
	Combined Resection-Deafferentation Techniques
	Alternative Classic Techniques


	Postoperative Management
	Choice of Surgical Procedure
	Outcome and Factors of Influence
	Effect of Surgical Technique
	Long-Term Outcome
	Cognition and Behavior
	Complications

	Conclusion
	Suggested Readings
	References


	Chapter 78
	78 Radiosurgical Treatment for Epilepsy
	Preclinical Evidence
	Clinical Evidence
	Medial Temporal Lobe Epilepsy
	Histologic Evaluation after Radiosurgical Treatment of Medial Temporal Lobe Epilepsy
	Antiepileptic Radiosurgery Mechanism
	Summary

	Hypothalamic Hamartomas
	Surgery and Minimally Invasive Approaches
	Radiosurgery
	Limits of Radiosurgery for Hypothalamic Hamartoma

	Cavernous Malformations
	Management Strategy
	Pathologic Response and Associated Risks

	Radiosurgical Corpus Callosotomy
	Conclusion
	Suggested Readings
	References


	Chapter 79
	79 Electrical Stimulation for Epilepsy (VNS, DBS, and RNS)
	Abstract
	Key Words
	Cortical-Subcortical Networks in Epilepsy
	Mechanisms of Action of Electrical Neuromodulation
	Targets for Electrical Stimulation in Epilepsy
	Vagus Nerve Stimulation
	Cerebellum
	Hippocampus
	Subthalamic Nucleus and Substantia Nigra
	Centromedian Nucleus of the Thalamus
	Anterior Nucleus of the Thalamus
	Responsive Neurostimulation

	Conclusion and Future Directions
	Disclosure
	Suggested Readings
	References


	Chapter 80
	80 Epilepsy Surgery
	Basic Principles and Pitfalls of Outcomes Assessment for Epilpesy Surgery
	Resective Surgery
	Temporal Lobe Epilepsy
	Rate and Stability of Postoperative Seizure Freedom after Temporal Lobe Surgery
	Stability of Seizure Control
	Early versus Late Surgical Failures
	Running-Down Phenomenon

	Predictors of Recurrence: Clinical Variables and Seizure Outcome
	Age at Onset of Epilepsy
	Duration of Epilepsy
	Age at Surgery
	Absence of Secondarily Generalized Tonic-Clonic Seizures
	Low-Baseline Seizure Frequency

	Imaging Variables and Seizure Outcome
	Magnetic Resonance Imaging
	Nuclear Imaging

	Electrophysiologic Variables and Seizure Outcome
	Noninvasive Electroencephalography
	Invasive Electroencephalography

	Temporal Lobe Epilepsy: Surgical Approaches, Outcomes, and Complications
	Impact of Cortical and Hippocampal Resection on Seizure Outcomes
	Utility of Intraoperative Electrocorticography
	Temporal Lobe Resection: Effect on Cognitive Functions
	Temporal Lobe Resection: Global Memory Deficits
	Temporal Lobe Resection: Material-Specific Memory Deficits
	Selective Amygdalohippocampectomy: Memory Outcomes
	Dominant Temporal Lobe Resections: Language Outcomes
	Temporal Lobe Resection: Surgical Complications
	Temporal Lobe Resection: Impact on Epilepsy Related Mortality
	Temporal Lobe Surgery: Lesional Epilepsy


	Frontal Lobe Surgery
	Rate and Stability of Postoperative Seizure Freedom
	Predictors of Seizure Recurrence
	Magnetic Resonance Imaging and Seizure Outcome
	Extent of Resection and Seizure Outcome


	Posterior Cortex Surgery
	Rate and Stability of Postoperative Seizure Freedom
	Predictors of Seizure Recurrence
	Extratemporal Epilepsy: Surgical Approaches and Complications
	Seizure Outcomes
	Complications of Extratemporal Resection
	Extratemporal Lesional Epilepsy

	Hypothalamic Hamartomas
	Cerebellar Seizures
	Catastrophic Epilepsies
	Hemispherectomy
	Disconnection Surgery: Multiple Subpial Transection
	Disconnection Surgery: Corpus Callosotomy


	Complications of Diagnostic Procedures
	Intracarotid Amytal Procedure (Wada Test)
	Depth Electrodes
	Subdural Strip Electrodes
	Subdural Grid Electrodes

	Psychiatric Outcomes After Epilepsy Surgery
	Cost-Effectiveness of Surgical Treatment

	Neuromodulatory Surgery
	Vagus Nerve Stimulation
	Deep Brain Stimulation

	Stereotactic Radiosurgery
	Radiosurgery for Hypothalamic Hamartomas
	Radiosurgery for Supratentorial Tumors
	Radiosurgery for Arteriovenous Malformations
	Radiosurgery for Cavernous Malformations
	Radiosurgery for Mesial Temporal Lobe Epilepsy

	Suggested Readings
	References


	Section IV

	Overview and Controversies
	Overview
	Controversies and Unanswered Questions
	Deep Brain Stimulation: Subthalamic versus Internal Globus Pallidus
	Biologic Therapies (Neural Restoration)
	Timing of Deep Brain Stimulation Surgery in Parkinson’s Disease
	Magnetic Resonance Imaging–Guided High-Frequency Ultrasound versus Deep Brain Stimulation
	What Is the Future of Deep Brain Stimulation for Depression and Alzheimer’s Disease?
	What Is the Potential Impact of Responsive Neurostimulation?

	References


	Chapter 81
	81 Anatomy and Synaptic Connectivity of the Basal Ganglia

	Chapter 81z
	81 Anatomy and Synaptic Connectivity of the Basal Ganglia
	Functional Circuitry of the Basal Ganglia
	The Striatum: an Entrance to the Basal Ganglia Circuitry
	Cellular Organization of the Striatum
	Glutamatergic Projections to the Striatum
	Corticostriatal Projections
	Thalamostriatal Projections
	Thalamostriatal Projections from the Caudal Intralaminar Nuclei.
	Thalamostriatal Projections from Other Thalamic Nuclei.
	Synaptic Organization and Prevalence of Thalamostriatal and Corticostriatal Terminals.
	The Thalamostriatal System: a Potential Route of Cerebellar Outflow to the Striatum?
	Electrophysiologic Effects of Thalamostriatal Projections on Striatal Neurons.
	Potential Roles of the Centromedial/Parafascicular–Striatal Systems in Cognition.
	Centeromedial/Parafascicular Degeneration in Parkinson’s Disease and Other Diseases.


	Dopaminergic Projections to the Striatum
	Dopaminergic Cell Groups
	Nigrostriatal Dopaminergic System
	Extrastriatal Dopaminergic Systems

	GABAergic Projections to the Striatum (the Pallidostriatal System)
	Other Chemically Characterized Projections to the Striatum

	The Direct and Indirect Pathways of the Basal Ganglia
	The Traditional Model of the Basal Ganglia Circuitry
	The External Globus Pallidus: More Than a Relay Nucleus in the Indirect Pathway

	The Hyperdirect Corticosubthalamic System
	Anatomy of the Corticosubthalamic System
	Potential Roles of the Corticosubthalamic System

	The Pedunculopontine Nucleus as an Integrative Component of the Basal Ganglia
	Cellular Organization and Connectivity of the Pedunculopontine Nucleus
	The Pedunculopontine Nucleus as a Target for Functional Deep Brain Stimulation in Movement Disorders

	Basal Ganglia output to the Thalamus and Brainstem
	Efferent Projections of the Globus Pallidus Pars Interna
	The Pallidothalamic Projection
	The Pallidotegmental Projection
	The Pallidohabenular Projection

	Efferent Projections of the Substantia Nigra Reticulata
	The Nigrothalamic Projection
	The Nigrotegmental Projection
	The Nigrocollicular Projection
	The Nigroreticular Projection


	Conclusions
	Acknowledgments
	Suggested Readings
	References


	Chapter 82
	82 Rationale for Surgical Interventions in Movement Disorders
	Anatomic Considerations
	Pathophysiology of Movement Disorders
	Parkinsonism
	Clinical Presentation
	Pathophysiology

	Dystonia
	Clinical Presentation
	Pathophysiology


	Rationale for the Use of Surgical Treatments
	Current Rationale
	Use of Early Surgical Treatment in Movement Disorders
	Paradox of Stereotaxic Surgery

	Conclusion
	Suggested Readings
	References


	Chapter 83
	83 Neuropathology of Movement Disorders

	Chapter 83z
	83 Neuropathology of Movement Disorders
	Functional Anatomy of Basal Ganglia
	Corticobasal Ganglia−Thalamocortical Circuits
	Classification of Movement Disorders
	Synucleinopathies
	Akinetic-Rigid Movement Disorders—Parkinsonism
	Lewy Body−Associated Disorders
	Lewy Bodies
	Pathobiologic Role of Lewy Bodies.

	Sporadic Parkinson’s Disease
	Neuropathology of Parkinson’s Disease.
	Development of α-Synuclein− and Lewy Body−Related Pathology.
	Lewy Pathology Staging.
	Incidental Lewy Body Disease.
	New Guidelines for Lewy Body Pathology.
	Neuronal Vulnerability.
	Lesion Patterns in Clinical Subtypes of Parkinson’s Disease.
	Motor Complications, Dyskinesia, and Freezing.

	Parkinson’s Disease—A Multiorgan Disorder
	Pathology of Cognitive Impairment in Parkinson’s Disease.
	Genetic Forms of Parkinson’s Disease.

	Dementia with Lewy Bodies
	Neuropathology.
	Dementia with Lewy Bodies versus Parkinson’s Disease and Parkinson’s Disease Dementia.
	Etiopathogenesis of Lewy Body Disease.

	Multiple System Atrophy
	Neuropathology and Molecular Pathology.



	Tauopathies
	Progressive Supranuclear Palsy
	Neuropathology

	Corticobasal Degeneration
	Neuropathology

	Postencephalitic Parkinsonism
	Pick’s Disease
	Frontotemporal Dementia with Parkinsonism Linked to Chromosome 17-Tau
	Guamanian and Other Forms of Western Pacific Parkinsonism

	Secondary Parkinsonism
	Vascular Parkinsonism (Pseudoparkinsonism)
	Drug- and Toxin-Related Parkinsonism
	Other Lesions Causing Parkinsonism

	Hyperkinetic Movement Disorders
	Chorea
	Huntington’s Disease
	Other Hereditary Choreas
	Choreoacanthosis and McLeod’s Syndrome.
	Huntington’s Disease−Like Syndromes.
	Benign Hereditary Chorea.
	Sporadic (Nonhereditary) Chorea.

	Hereditary Striatal Necrosis
	Dentatorubral-Pallidoluysian Atrophy
	Machado-Joseph Disease
	Progressive Pallidal Degenerations
	Neurodegeneration with Brain Iron Accumulation
	Neuroferritinopathy
	Neuronal Intranuclear Inclusion Disease and Basophilic Inclusion Body Disease
	Wilson’s Disease (Hepatolenticular Degeneration)
	Menkes’ Disease
	Myoclonic and Startle Syndromes

	Ballism and Hemiballism
	Dystonias
	Tic Disorders
	Tremor Syndromes

	Conclusion
	Suggested Readings
	References


	Chapter 84
	84 Clinical Overview of Movement Disorders
	Phenomenology: Defining Symptoms through Observation
	Hyperkinesias
	Tremor
	Specific Tremor Disorders
	Physiologic Tremor.
	Essential Tremor.
	Parkinsonian Tremor.
	Cerebellar Tremor.
	Rubral Tremor (Holmes’s Tremor).
	Posttraumatic Tremor.
	Drug-Induced Tremor.
	Orthostatic Tremor.
	Palatal Tremor.
	Psychogenic Tremor.
	Task-Specific Tremor.
	Dystonic Tremor.


	Chorea
	Chorea Syndromes
	Huntington’s Disease.
	Sydenham’s Chorea.
	Tardive Chorea/Dyskinesia.
	Benign Hereditary Chorea.
	Neuroacanthocytosis.
	Dentatorubral-Pallidoluysian Atrophy.
	Other Causes of Chorea.


	Myoclonus
	Myoclonus Syndromes
	Multifocal and Generalized Myoclonus.
	Startle Syndromes.


	Dyskinesia
	Dyskinesia Syndromes
	Paroxysmal Dyskinesias.


	Tics
	Tic Disorders
	Tourette’s Syndrome.
	Other Causes of Tics.


	Akathisia
	Akathetic Disorders
	Restless Legs Syndrome.
	Drug-Induced Akathisia.


	Stereotypies
	Stereotypy Syndromes
	Stereotypies of Autism.
	Rett’s Syndrome.



	Hypokinesias
	Bradykinesia
	Bradykinesia Syndromes
	Gait Freezing.
	Stiff Person Syndrome.
	Neuromyotonia.



	Disorders with Mixed Hypokinesia and Hyperkinesia
	Parkinsonian Disorders
	Parkinson’s Disease
	Dementia with Lewy Bodies
	Progressive Supranuclear Palsy
	Corticobasal Degeneration
	Multiple System Atrophy

	Dystonia
	Dystonic Syndromes
	Isolated Dystonia.
	Combined Dystonias.
	Acquired Dystonias.



	Disorders of Coordination
	Ataxia
	Ataxia Syndromes
	Autosomal Dominant Ataxias.
	Autosomal Recessive Ataxias
	Friedreich’s Ataxia.
	Ataxia with Isolated Vitamin E Deficiency.
	Ataxia-Telangiectasia.

	X-Linked Ataxias
	Fragile X–Associated Tremor Ataxia Syndrome.




	Movement Disorders Caused by Metabolic or Systemic Disease
	Toxic/Metabolic Syndromes
	Wilson’s Disease

	Toxic/Metabolic Causes of Movement Disorders
	Hereditary Aceruloplasminemia
	Lesch-Nyhan Disease
	Pantothenate Kinase–Associated Neurodegeneration
	Neuroferritinopathy


	Acknowledgments
	Suggested Readings
	References


	Chapter 85
	85 Patient Selection Criteria for Deep Brain Stimulation in Movement Disorders
	General Selection Process
	Neurological Evaluation
	Neurosurgical Evaluation
	Neurocognitive and Psychiatric Evaluation
	Neuroimaging
	Medical Clearance

	Specific Indications for Deep Brain Stimulation
	Parkinson’s Disease
	Selection Criteria
	Diagnosis.
	Disease Severity and Duration.
	Response to Levodopa.
	Age.
	Cognitive Status.
	Psychiatric Comorbid Conditions.

	Target Selection
	Ventral Intermediate Thalamus.
	Globus Pallidus Interna.
	Subthalamic Nucleus.
	Caudal Zona Incerta.
	Pedunculopontine Nucleus.


	Dystonia
	Classification
	Treatment
	Target Selection

	Essential Tremor
	Selection Criteria
	Target Selection

	Complex Tremor Syndromes
	Selection Criteria
	Cerebellar Tremor.
	Holmes’ Tremor.
	Thalamic Tremor.
	Orthostatic Tremor.

	Target Selection

	Gilles de la Tourette’s Syndrome
	Selection Criteria
	Target Selection

	Huntington’s Chorea and Other Choreas
	Selection Criteria
	Target Selection


	Suggested Readings
	References


	Chapter 86
	86 Functional Imaging in Movement Disorders
	Molecular Imaging
	Magnetic Resonance Imaging of Blood Oxygen Level–Dependent Signals
	Applications to Movement Disorders
	Diagnostic Accuracy
	New DBS Target Selection
	Pharmacologic Targeting

	Conclusion
	Acknowledgments
	Suggested Readings
	References


	Chapter 87
	87 Surgical Management of Tremor
	Definition and Classification of Tremor
	Pathophysiology and Circuitries of Tremor
	History of Surgery for Tremor
	Prestereotactic Era
	Stereotactic Era
	Deep Brain Stimulation
	Contemporary Surgery for Tremor

	Targets
	Subthalamic Nucleus (STN)
	Ventral Intermediate Nucleus
	Posterior Subthalamic Area
	Caudal Zona Incerta
	Globus Pallidus Internus

	Imaging and Targeting
	Subthalamic Nucleus
	Ventral Intermediate Nucleus
	Caudal Zona Incerta

	Intraoperative Exploration of the Target in View of Deep Brain Stimulation
	Radiofrequency Thalamotomy
	Gamma Knife Thalamotomy
	Focused Ultrasound Thalamotomy

	Results of Surgery on Tremor
	Parkinsonian Tremor
	Essential Tremor
	Dystonic Tremor
	Other Forms of Tremor

	Therapeutic Failure
	Suggested Readings
	References


	Chapter 88
	88 Ablative Procedures for Parkinson’s Disease
	Historical Background
	Physiologic Basis for Ablation Procedures for Parkinson’s Disease
	Pallidotomy
	Subthalamic Nucleotomy
	Ventral Intermediate Thalamotomy

	Indications and Contraindications
	Pallidotomy
	Subthalamotomy
	Thalamotomy

	Surgical Techniques
	Imaging and Planning
	Neurophysiologic Mapping
	Lesion Generation

	Clinical Outcomes
	Pallidotomy
	Clinical Benefits of Pallidotomy
	Neuropsychological Effects of Pallidotomy
	Complications of Pallidotomy

	Thalamotomy
	Clinical Benefits of Thalamotomy
	Complications and Neuropsychological Effects of Thalamotomy

	Subthalamotomy
	Clinical Benefits of Subthalamotomy
	Complications and Neuropsychological Effects of Subthalamotomy


	Alternative Approaches
	Radiofrequency Ablation Through In Situ Deep Brain Stimulation Leads
	Gamma Knife Thalamotomy
	Magnetic Resonance (Imaging)–Guided Focused Ultrasound

	Conclusion
	Suggested Readings
	References


	Chapter 89
	89 Deep Brain Stimulation for Parkinson’s Disease
	Brief Historical Overview
	Anatomy and Physiology of Targets
	Patient Selection
	Indications
	Contraindications

	Target Selection Factors
	Patient Symptomatology
	Surgeon’s Experience
	Alternative Targets
	Ventralis Intermedius Nucleus
	Pedunculopontine Nucleus

	Unilateral versus Bilateral versus Staged Stimulator Implantation

	Selection of Surgical Technique
	Awake Surgical Technique
	Preoperative Imaging
	Operation
	Targeting
	Subthalamic Nucleus.
	Globus Pallidus Interna.
	Trajectory.

	Positioning and Exposure
	Microelectrode Recording
	Deep Brain Stimulation Lead Implantation and Macrostimulation
	Closure and Pulse Generator Placement


	Asleep Interventional Magnetic Resonance Imaging Surgical Technique
	Results
	Complications
	Future Directions
	Suggested Readings
	References


	Chapter 90
	90 Deep Brain Stimulation for Dystonia
	Diagnosis and Classification of Dystonia
	Medical Therapy for Dystonia
	Surgical Therapy for Dystonia
	The Deep Brain Stimulation Procedure
	Patient Selection
	Surgical Procedure
	Stereotactic Technique
	Anatomic Targeting
	Microelectrode Recording
	Deep Brain Stimulation Surgery in Children
	Macroelectrode Stimulation
	Implantation of the Pulse Generator


	Programming the Device
	Clinical Results
	Pallidal Deep Brain Stimulation for Cervical Dystonia
	Indicators of Deep Brain Stimulation Response
	Stimulation Frequency
	Longevity of Response
	Primary Craniocervical Dystonia (Meige’s Syndrome)
	Secondary Dystonia


	Complications of Deep Brain Stimulation Therapy
	Alternative Targets for Deep Brain Stimulation in Dystonia
	Conclusion
	Acknowledgments
	Suggested Readings
	References


	Chapter 91
	91 Deep Brain Stimulation
	Neural Responses to Deep Brain Stimulation
	Changes in Somatic Activity in the Stimulated Nucleus
	Axonal Output from the Stimulated Nucleus
	Activation of Fiber Tracts
	Effects of Deep Brain Stimulation on Distal Brain Regions

	Therapeutic Mechanisms of Deep Brain Stimulation
	Regularization of Pathologic Activity
	Effect of Deep Brain Stimulation on Beta Oscillatory Activity and Cross-Frequency Coupling
	Therapeutic Latencies
	Deep Brain Stimulation–Induced Plasticity
	Astrocytes
	Neuroprotective Effects of Deep Brain Stimulation

	Therapeutic Targets of Deep Brain Stimulation
	Targets within Targets

	Conclusion
	Suggested Readings
	References


	Chapter 92
	92 Complication Avoidance in Deep Brain Stimulation Surgery
	Procedure-Related Complications
	Death
	Neurological Deficit
	Intracerebral Hemorrhage
	Subdural Hematoma
	Cerebral Venous Infarction
	Ischemic Stroke
	Perioperative Confusion
	Venous Air Embolism
	Poorly Positioned Electrodes
	Seizure
	Aborted Procedures
	Cerebrospinal Fluid Leak
	Medical Complications
	Parkinsonism-Hyperpyrexia Syndrome
	Dystonic Crisis


	Hardware-Related Complications
	Lead/Extension Wire Fracture
	Lead Tip Migration
	Lead Tip Gliosis
	Brain Edema Surrounding Implanted Deep Brain Stimulation Leads
	Intraparenchymal Cyst
	Twiddler’s Syndrome
	Bowstringing
	Discomfort or Poor Cosmesis at the Pulse Generator Site
	Pulse Generator Malfunction
	Pulse Generator Migration
	General Hardware Complications
	Magnetic Resonance Imaging– Related Complications
	Infection

	Stimulation-Related Complications
	Internal Globus Pallidus
	Ventral Intermediate Nucleus of the Thalamus
	Subthalamic Nucleus

	Avoiding Complications
	Preoperative Evaluation
	Anesthetic Considerations
	Operative Measures

	Conclusion
	Suggested Readings
	References


	Chapter 93
	93 Neurophysiologic Monitoring for Movement Disorders Surgery
	General Overview of Surgery
	Microelectrode Techniques
	Local Field Potentials
	General Stereotactic Technique
	Internal Globus Pallidus Procedures
	Ventrolateral Intramedial Nucleus Procedures
	Subthalamic Nucleus Procedures
	Data Analysis
	Conclusion
	Suggested Readings
	References


	Chapter 94
	94 Emerging and Experimental Neurosurgical Treatments for Parkinson’s Disease
	Scientific Background
	Refinements in the Understanding of Anatomic Targets for Electrical Stimulation
	Transplantation of Fetal Neurons for the Treatment of Parkinson’s Disease
	Stem Cell Therapies for Parkinson’s Disease
	Progress in Gene Therapy for the Treatment of Parkinson’s Disease
	Conclusion
	Suggested Readings
	References


	Chapter 95
	95 Transcranial Magnetic Resonance Imaging–Guided Focused Ultrasound Thalamotomy for Tremor
	Abstract
	Historical Uses of Focused Ultrasound in the Brain
	Ultrasound Properties
	Modern Transcranial Focused Ultrasound
	Magnetic Resonance Thermography
	Thermal Dose
	Technique: Transcranial Magnetic Resonance Imaging–Guided Focused Ultrasound Thalamotomy
	Preoperative Preparation
	Procedural Imaging and Stereotactic Planning Phase
	Treatment Phase
	Clinical Monitoring
	Procedural Difficulties and Troubleshooting
	Head Pain during Sonication
	Abnormal Heating Shape
	Cavitation
	Patient Movement


	Results
	Technical Outcomes and Targeting Accuracy
	Peak Temperature and Ablation
	MRI Characteristics and Lesion Size
	Precision

	Clinical Outcomes for Essential Tremor
	Complications

	Comparison of Treatment Modalities for Tremor
	Future Directions
	Parkinson’s Disease
	Neuropathic Pain
	Psychiatric Disorders
	Brain Tumors
	Epilepsy
	Neuromodulation

	Conclusion
	Suggested Readings
	References


	Chapter 96
	96 Selective Peripheral Denervation for Cervical Dystonia
	Clinical and Phenomenologic Aspects of Cervical Dystonia
	Evolution of Surgical Techniques
	Selective Peripheral Denervation: Indications and Patient Selection
	Operative Techniques
	Denervation of the Sternocleidomastoid Muscle
	Posterior Ramisectomy
	Myotomy and Partial Myectomy Technique
	Variants and Combined Techniques

	Clinical Outcome: Results and Side Effects
	Future Concepts
	Suggested Readings
	References


	Chapter 97
	97 Thalamotomy for Focal Hand Dystonia
	History
	Diagnosis of Focal Hand Dystonia
	Rating of Focal Hand Dystonia
	Indications for Surgery
	Surgical Technique
	Results
	Complications
	Surgical Anatomy of the Ventral-Oralis Nucleus
	Discussion
	Conclusion
	Suggested Readings
	References


	Chapter 98
	98 A History of Psychosurgery
	The Ancient World
	The Birth of Psychosurgery
	Conventional Open Psychosurgery
	Stereotactic Surgery
	The Decline of Psychosurgery
	The Public, Legislation, and Ethics
	Modern Ablative Psychosurgery
	Neuromodulation
	Conclusion
	Suggested Readings
	References


	Chapter 99
	99 Surgery for Tourette’s Syndrome
	Pathophysiology
	Treatment
	Comprehensive Behavioral Intervention for Tics and Pharmacologic Treatment
	Ablative Surgery
	Deep Brain Stimulation
	Thalamus
	Globus Pallidus Internus
	Globus Pallidus Externus
	Internal Capsule and Nucleus Accumbens
	Other Targets and Multiple Targets


	Selection Criteria
	Inclusion Criteria
	Exclusion Criteria

	Surgical Procedure and Perioperative Management
	Conclusion and Future Directions
	Suggested Readings
	References


	Chapter 100
	100 Surgery for Obsessive-Compulsive Disorder
	Key Words
	Abbreviations Used
	History of Psychosurgery
	Neural Circuits and Pathophysiology
	Surgical Management of Obsessive-Compulsive Disorder
	Stereotactic Ablation Procedures
	Stereotactic Cingulotomy
	Stereotactic Anterior Capsulotomy
	Stereotactic Subcaudate Tractotomy
	Stereotactic Limbic Leucotomy

	Deep Brain Stimulation
	Anterior Limb of Internal Capsule
	Ventral Capsule and Ventral Striatum
	Nucleus Accumbens
	Subthalamic Nucleus
	Inferior Thalamic Peduncle
	Other Targets
	Patient Selection, Ethical Considerations, and the Team Approach
	Surgical Technique for Deep Brain Stimulation

	Other Surgical Procedures

	Conclusion
	Suggested Readings
	References


	Chapter 101
	101 Surgery for Major Depressive Disorder
	Diagnosis and Treatment
	Circuitry of Mood and Depression
	Nucleus Accumbens
	Subcallosal Cingulate Cortex
	Anterior Limb of the Internal Capsule
	Medial Forebrain Bundle

	The Ablative Experience
	Anterior Cingulotomy
	Subcaudate Tractotomy
	Limbic Leucotomy
	Anterior Capsulotomy

	Deep Brain Stimulation
	Subcallosal Cingulate
	Nucleus Accumbens and Ventral Striatum
	Inferior Thalamic Peduncle and Habenula
	Medial Forebrain Bundle

	Future Directions
	Suggested Readings
	References


	Chapter 102
	102 Surgery for Anorexia Nervosa
	Key Words:
	Etiopathology and Neurocircuitry of Anorexia Nervosa
	Nonsurgical Management of Anorexia Nervosa
	Surgical Management of Anorexia Nervosa
	Deep Brain Stimulation
	Ablative Procedure
	Grading of Anorexia Nervosa According to Clinical Features
	Indications and Patient Selection Criteria
	Treatment History
	Clinical Indications
	Exclusion Criteria


	Perioperative Patient Management
	Preoperative Management
	Intraoperative Management
	Postoperative Management

	Adverse Events Associated with Surgery for Anorexia Nervosa
	Operative Complications
	Neuropsychological Complications
	Complications Associated with Deep Brain Stimulation

	Conclusion and Future Outlook
	Suggested Readings
	References


	Chapter 103
	103 Lesioning Surgery for Spasticity
	Selective Peripheral Neurotomies
	Surgical Principles
	Preoperative Motor Blocks
	Anesthesia
	Electrophysiologic Mapping
	Sectioning

	Surgical Techniques
	Surgery on the Lower Limb
	Obturator Neurotomy for the Hip.
	Hamstring Neurotomy for the Knee.
	Tibial Neurotomy for the Foot.
	Anterior Tibial Neurotomy for the Extensor Hallucis.
	Femoral Neurotomy for the Quadriceps.

	Surgery on the Upper Limb
	Pectoralis Major and Teres Major Neurotomy for the Shoulder.
	Musculocutaneous Neurotomy for the Elbow.
	Median Neurotomy for the Wrist and Fingers.
	Ulnar Neurotomy for the Wrist and Fingers.


	Complications and Recurrence of Symptoms

	Surgery on the Spinal Roots, Dorsal Root Entry Zone, and Spinal Cord
	History
	Surgical Techniques
	Dorsal Rhizotomies
	Lesioning at the Dorsal Root Entry Zone


	Orthopedic Surgery
	Patient Selection
	Treating Spasticity in Adults
	Treating Spasticity in Children
	Spasticity in the Lower Limb
	Spasticity in the Upper Limb

	Conclusion
	Suggested Readings
	References


	Chapter 104
	104 Management of Spasticity by Central Nervous System Infusion Techniques
	Definition of Spasticity
	Physiologic Basis of Spasticity
	Mechanisms Underlying Reflex Function
	Ia Monosynaptic Connection
	Ia Excitatory Polysynaptic Pathways
	Reciprocal Ia Inhibition
	Group II Pathways
	Decreased Recurrent Inhibition
	Alpha Motoneuron Hyperexcitability
	Gamma Motoneuron Hyperactivity
	Decreased Ib Inhibition
	Summary of Mechanisms

	Why Do Spinal Circuits Malfunction?
	Abnormal Descending Control
	Local Changes at the Spinal Level

	Changes in Muscle Fiber and Connective Tissue

	Measurement of Spasticity
	Clinical Evaluation
	Passive Quantifiable Evaluations
	Active Quantifiable Evaluations
	Measurement of Spasms

	Treatment of Spasticity
	Intrathecal Baclofen
	Physiologic Effects of Baclofen
	Kinetics and Distribution of Intrathecal Baclofen
	Efficacy of Intrathecal Baclofen for Spinal Spasticity
	Drug Side Effects
	Delivery Systems
	Patient Selection


	Suggested Readings
	References


	Chapter 105
	105 Treatment of Intractable Vertigo
	Classification of Vestibular Disorders
	Nonsurgical Management of Vertigo
	Surgical Management of Intractable Vertigo
	Conclusion


	Chapter 105z
	105 Treatment of Intractable Vertigo
	Classification of Vestibular Disorders
	Central Vestibular Disorders
	Vertebrobasilar Insufficiency
	Migrainous Vertigo
	Tumors
	Paraneoplastic Syndromes
	Demyelinating Disorders

	Peripheral Vestibular Disorders
	Benign Paroxysmal Positional Vertigo
	Meniere’s Disease
	Labyrinthitis
	Vestibular Neuritis
	Perilymphatic Fistula
	Superior Semicircular Canal Dehiscence Syndrome

	Trauma

	Nonsurgical Management of Vertigo
	Vestibular Rehabilitation
	Canalith Repositioning Maneuvers
	Pharmacologic Therapy

	Surgical Management of Intractable Vertigo
	Surgery for Benign Paroxysmal Positional Vertigo
	Singular Neurectomy
	Posterior Semicircular Canal Occlusion

	Surgery for Superior Semicircular Canal Dehiscence Syndrome
	Surgery for Perilymphatic Fistula
	Surgery for Meniere’s Disease
	Intratympanic Injection of Gentamicin
	Meniett Device
	Endolymphatic Sac Surgery
	Vestibular Ablative Surgery
	Considerations for Ablative Surgery.
	Labyrinthectomy.
	Vestibular Nerve Section.
	Middle Fossa Vestibular Neurectomy.
	Retrolabyrinthine Vestibular Neurectomy.
	Retrosigmoid Vestibular Neurectomy.
	Combined Retrosigmoid–Internal Auditory Canal/Retrolabyrinthine Vestibular Neurectomy.
	Endoscopically Assisted Vestibular Neurectomy.




	Suggested Readings
	References


	Chapter 106
	106 Motor Cortex Stimulation for Pain and Movement Disorders
	Abstract
	Key Words
	Surgical Technique
	Clinical Results
	Surgical Complications
	Conclusion
	Suggested Readings
	References


	Chapter 107
	107 Deep Brain Stimulation for Obesity
	Anatomy
	Lateral Hypothalamus
	Ventromedial Hypothalamus
	Nucleus Accumbens

	Deep Brain Stimulation Theory
	Animal Studies
	Lateral Hypothalamus
	Ventromedial Hypothalamus
	Nucleus Accumbens

	Human Studies
	Ethics of Deep Brain Stimulation for Obesity
	Summary
	Suggested Readings
	References


	Chapter 108
	108 Deep Brain Stimulation for Alzheimer’s Disease
	History of Surgical Intervention for Alzheimer’s Disease
	Pathologic Process in Alzheimer’s Disease
	Functional Disconnection of Structurally Preserved Brain Regions
	Surgical Trials in Alzheimer’s Disease
	Deep Brain Stimulation of the Fornix
	Rationale for Fornix Neuromodulation in Alzheimer’s Disease
	Recruiting the Functionally Disconnected Regions.
	Preclinical Studies of Neuromodulation of Memory Network in Rodents.

	Potential Mechanisms Underlying the Effect of Fornix–Deep Brain Stimulation
	Cerebral Activation.
	Effect on Hippocampal Oscillations.


	Deep Brain Stimulation of the Nucleus Basalis of Meynert
	Deep Brain Stimulation of the Nucleus Basalis of Meynert for Other Types of Dementias


	Conclusion and Future Directions
	Suggested Readings
	References


	Chapter 109
	109 Neuroprosthetics
	Interface Modalities
	Electroencephalography
	Intraparenchymal Electrodes
	Electrocorticography
	Peripheral Neuroprosthetics
	Somatosensory
	Cochlear Implant
	Conclusion
	Suggested Readings
	References


	Section V

	Overview and Controversies
	Controversies in Neuro-Oncology
	Aggressive Resection versus Partial Resection and Adjuvant Radiation Therapy for Craniopharyngiomas
	Radiation Therapy versus Surgery for Glomus Jugulare Tumors
	The Role of Intraoperative Magnetic Resonance Imaging in Glioma Surgery
	Management of Recurrent Cushing’s Disease
	Endoscopic versus Open Approaches to Anterior Cranial Fossa Tumors
	Salvage Therapy in Recurrent Glioblastoma
	The Role of Radiotherapy for Intracranial Ependymomas
	Management of Small Vestibular Schwannomas
	Observation
	Stereotactic Radiosurgery
	Surgical Resection
	Comparative Studies and Final Considerations

	Stereotactic Radiosurgery Alone vs. Stereotactic Radiosurgery with Whole-Brain Radiotherapy in the Treatment of Brain Metastasis
	Management of Recurrent Atypical Meningiomas
	Management of Asymptomatic Meningiomas

	References


	Chapter 110
	110 Brain Tumors
	Astrocytomas
	Diffuse Astrocytomas
	Circumscribed Astrocytomas

	Oligodendroglial and Oligoastrocytic Glial Tumors
	Ependymal Tumors
	Choroid Plexus Tumors
	Other Neuroepithelial Tumors
	Neuronal and Mixed Neuronal-Glial Tumors
	Pineal Region Tumors
	Germ Cell Tumors
	Embryonal Tumors
	Tumors of the Meninges
	Tumors of the Sellar Region (Excluding Pituitary Adenoma)
	Lymphoma
	Metastatic Tumors of the Central Nervous System
	Molecular Classification of Brain Tumors
	Suggested Readings
	References


	Chapter 111
	111 Brain Tumor Immunology and Immunotherapy
	The Immune System
	Innate Immune System
	Adaptive Immune System
	Immune Memory
	Modulation of the Immune System
	Refuting the Concept of Immune Privilege

	Immunosuppression in Glioblastoma
	Prognostic Impact of Immune Status in Glioblastoma
	The Role of Neurosurgery in Immunotherapy of Glioblastoma

	Immunotherapy
	Dendritic Cell Vaccines
	Peptide Vaccines
	Adoptive Transfer of Effector Cells
	Antibody Approaches
	Emerging Therapeutics

	Summary
	Suggested Readings
	References


	Chapter 112
	112 Brain Tumor Stem Cells
	The Neurosphere Assay and the Discovery of Adult Neurogenesis
	Development of the Brain Tumor Stem Cell Hypothesis
	Markers for Neural Stem Cells and Brain Tumor Stem Cells
	Brain Tumor Stem Cell of Origin
	Molecular Pathways Altered in Brain Tumor Stem Cells
	Clinical Implications and Future Directions
	Conclusion
	Suggested Readings
	References


	Chapter 113
	113 Molecular Genetics and the Development of Targets for Glioma Therapy
	Detecting Molecular Alterations in Cancer
	Polymerase Chain Reaction
	DNA Sequencing
	Whole-Genome DNA Sequencing
	Next-Generation Platforms for Whole-Genome DNA Sequencing.

	Exome Sequencing
	RNA Sequencing
	Chromatin Immunoprecipitation Sequencing

	Fluorescence in Situ Hybridization
	Comparative Genomic Hybridization Assays and Copy Number Alterations
	Single Nucleotide Polymorphism Genotyping Assays
	Gene Expression Assays: Complementary DNA Arrays, MicroRNA Arrays, and Proteomics
	Whole-Genome Methylation Profiling

	Glioma Analysis Using Molecular Tools
	The Cancer Genome Atlas and REMBRANDT
	Results from Human Glioma Analysis
	Copy Number Alterations
	Somatic Mutations
	Neurofibromatosis 1.
	Phosphatidylinositol 3-Kinase.
	Key Pathway Alterations
	Receptor Tyrosine Kinases.
	Retinoblastoma.
	TP53.




	Models for Evaluating Molecular Alterations in Glioma
	In Vitro Models
	DNA Construction and Gene Expression in Vitro
	Transfection and Transduction

	In Vivo Models
	Transgenic Mice
	Knockout Mice
	Somatic Cell Gene Transfer
	Lessons from Mouse Models of Glioma


	Targeted Therapy for Glioma: Progress and Failures
	Immunotherapy
	Virus-Mediated Gene Therapy
	Treatment with Monoclonal Antibodies
	Receptor Tyrosine Kinase Inhibitor Therapies
	O6-Methylguanine-DNA Methyltransferase and Temozolomide Therapy
	Metabolism and Targeting of Isocitrate Dehydrogenase Mutations
	Genome Editing

	Clinical Research: Designing Effective Clinical Trials Based on Molecular Targets in Gliomas
	Conclusion
	Suggested Readings
	References


	Chapter 114
	114 Genetic Origins of Brain Tumors
	Clonal Expansion of Malignant Tumors
	Inherited Mutations and Familial Syndromes
	Tumor Suppressors, Oncogenes, and Mutator Genes
	Different Types of DNA Mutations and Alterations
	The Spectrum of Mutations That Underlay Brain Cancers
	Glioblastomas
	Other Gliomas
	Medulloblastomas

	Perspectives in Brain Tumor Genomics and Genetics
	Suggested Readings
	References


	Chapter 115
	115 Malignant Glioma Microenvironment
	The Tumor Microenvironment
	Malignant Glioma Invasion
	Interactions of Malignant Gliomas with the Neural Extracellular Matrix
	Therapeutic Relevance of the Glioma-Associated Extracellular Matrix

	Interactions of Malignant Gliomas with Astrocytes
	Therapeutic Relevance of Glioma-Associated Astrocytes

	Interaction of Malignant Gliomas with Vascular Cells
	Therapeutic Relevance of the Glioma-Associated Vasculature

	Interaction of Glioma Cells with Microglia and Macrophages
	Therapeutic Relevance of Glioma-Associated Microglia

	Interaction of Glioma Cells with Adaptive Immune Cells
	Therapeutic Relevance of Glioma-Associated T Cells

	Cytomegalovirus in the Microenvironment of Gliomas
	Therapeutic Relevance of Glioma-Associated Cytomegalovirus

	Conclusion and Future Perspectives
	Suggested Readings
	The tumor microenvironment and malignant glioma invasion
	Glioma-associated extracellular matrix and astroglia
	Glioma-associated vasculature
	Glioma-associated microglia
	Glioma-associated immune cells and human cytomegalovirus

	References


	Chapter 116
	116 Angiogenesis and Brain Tumors
	Abstract
	Key Words:
	Historical Perspective
	Angiotherapy: a Novel Approach to Glioma Therapy
	Mechanisms of Tumor Angiogenesis
	Angiogenic Switch
	Normalization Hypothesis and the Normalization Window
	Vascular Niche and Glioma Progenitor and Stem Cells
	Enhanced Immune Surveillance and Tumor Immunity
	Reduction of Vasogenic Edema, Radioprotection, and Radiosensitization
	Clinical Experience with the Use of Bevacizumab

	Bevacizumab Resistance, Vascular Endothelial Growth Factor Evasion, and Glioma Recurrence
	Role of Anti−Vascular Endothelial Growth Factor Therapy for Other Central Nervous System Tumors
	Recurrent Oligodendrogliomas
	Acoustic Neuromas
	Meningiomas
	Pituitary Adenomas and Carcinomas
	Brain Metastases
	Pediatric Brain Tumors

	Current Trends and Future Directions
	Conclusion
	Online Resources of Angiogenesis in Brain Tumors

	Suggested Readings
	References


	Chapter 117
	117 Delivery of Therapy to Brain Tumors
	The Blood-Brain Barrier
	The Blood-Tumor Barrier
	The Blood–Cerebrospinal Fluid Barrier
	Drug Modifications for Enhanced Drug Delivery to Brain Tumors
	Lipophilic Analogues
	Lipophilic Prodrugs
	Antibody- and Gene-Directed Enzyme Prodrug Therapy
	Receptor-/Vector-Mediated Drug Targeting

	Barrier Disruption Strategies for Enhancing Drug Delivery
	Osmotic Disruption of the Blood-Brain Barrier
	Biochemical Disruption of the Blood-Brain Barrier
	Ultrasonography-Mediated Disruption of the Blood-Brain Barrier

	Methods for Direct Delivery of Drugs to the Brain Parenchyma
	Implanted Polymers
	Intracavitary Delivery Systems
	Convection-Enhanced Delivery

	Other Approaches for Enhancing Delivery of Drugs to the Brain
	Intraventricular/Intrathecal Drug Delivery
	Intra-arterial Therapy
	Liposomal Drug Encapsulation
	Nanoparticulate Systems
	Magnetic Microspheres

	Conclusion
	Suggested Readings
	References


	Chapter 118
	118 Epidemiology of Brain Tumors
	Descriptive Epidemiology
	Survival Time after Diagnosis of Glioma and Meningioma
	Glioma
	Meningioma

	Prognostic Factors for Glioma
	Prognostic Factors for Meningioma
	Genetic Risk Factors for Primary Brain Tumors
	Genome-wide Association Studies
	Telomere Biology and Glioma

	Environmental Risk Factors
	Allergic Conditions and Associated Immunologic Factors
	Ionizing Radiation
	Cellular Telephone Use
	Reproductive and Hormonal Factors
	Environmental Factors for Which Evidence Is Inconclusive

	Conclusion
	Suggested Readings
	References


	Chapter 119
	119 Local Therapies for Gliomas
	Local Therapies for Gliomas
	Blood-Brain Barrier Disruption
	General Features
	Technologic Application
	Advantages and Limitations
	Clinical Application

	Selective Intra-arterial Chemotherapeutic Delivery
	General Features
	Technologic Application
	Advantages and Limitations
	Clinical Application

	Intrathecal and Intraventricular Administration
	General Features
	Technologic Application
	Advantages and Limitations
	Clinical Applications

	Drug-Impregnated Biopolymers
	General Features
	Technologic Application
	Advantages and Limitations
	Clinical Applications

	Convection-Enhanced Delivery
	General Features
	Technologic Application
	Advantages and Limitations
	Clinical Applications

	Direct Injection
	General Properties
	Technologic Application
	Advantages and Limitations
	Clinical Application

	Other Techniques
	Hyperthermia


	Conclusion
	Suggested Readings
	References


	Chapter 120
	120 Clinical Features
	Basis for Neurological Dysfunction in Patients with Malignancies of the Nervous Systems
	Presenting Symptoms of Central Nervous System Malignancies
	Headaches
	Seizures
	Cognitive Dysfunction
	Psychological, Behavioral, and Psychiatric Symptoms
	Focal Symptoms of Brain Tumors and Treatment Effects
	Motor Dysfunction
	Vision Changes
	Hearing Impairment
	Speech and Language Disturbances
	Gait Disturbance

	Patient-Reported Symptoms as End Points for Clinical Trials

	Paraneoplastic Syndromes
	Paraneoplastic Cerebellar Degeneration
	Limbic Encephalitis and Encephalomyelitis
	Subacute Sensory Neuronopathy
	Opsoclonus and Myoclonus
	Lambert-Eaton Myasthenic Syndrome
	Polymyositis and Dermatomyositis

	Summary and Conclusion
	Suggested Readings
	References


	Chapter 121
	121 Radiologic Features of Central Nervous System Tumors
	Imaging Diagnosis of Central Nervous System Tumors
	Mass Effect
	Tumor Locations: Intra-Axial versus Extra-Axial Brain Tumors
	Lesional and Perilesional Imaging Features of Brain Tumors
	Tumor Permeability
	Perilesional Edema
	Tumor Vascularity
	Tumor Cellularity
	Tumor Necrosis
	Tumor-Associated Cysts
	Calcifications

	Metabolic Imaging of Tumor by Magnetic Resonance Spectroscopy
	Positron Emission Tomography

	Imaging Characteristics of Brain Tumors Based on Anatomic Location
	Extra-Axial Masses
	Meningioma
	Schwannoma

	Pineal Region Tumors
	Tumors of Germ Cell Origin
	Pineal Cell Tumors
	Sellar Lesions

	Intraventricular Masses
	Choroid Plexus Papilloma
	Ependymoma
	Subependymomas
	Neurocytomas
	Other Intraventricular Lesions

	Intra-Axial Neoplasms
	Astrocytomas
	Glioblastoma
	Anaplastic (WHO Grade III) Astrocytoma and Low-Grade (WHO Grade II) Astrocytoma
	Pleomorphic Xanthoastrocytomas
	Benign Astrocytomas
	Pilocytic Astrocytomas.
	Subependymal Giant Cell Astrocytomas.
	Oligodendrogliomas.
	Glioneuronal Tumors.
	Primitive Neuroectodermal Tumors.
	Atypical Teratoid/Rhabdoid Tumors.
	Dysembryoplastic Neuroepithelial Tumors.
	Desmoplastic Infantile Ganglioglioma.
	Hemangioblastoma.
	Lymphoma.
	Metastasis.



	Presurgical Planning
	Blood Oxygen–Level Dependent Functional Magnetic Resonance Imaging
	Diffusion Tensor Imaging and Tractography

	Postoperative Imaging
	Therapeutic Monitoring
	Radiation Injury
	Tumor Progression versus Pseudoprogression

	Conclusion
	Suggested Readings
	References


	Chapter 122
	122 Endovascular Techniques for Tumor Embolization
	Background and Indications
	Rationale and Evidence
	Principles and Technique
	Liquid Embolics
	Sclerosing Agents
	Particulates
	Coils

	General Rules When Using Embolic Agents
	Anatomic Considerations
	Timing
	Complication Avoidance
	Vessel Injury and Tumor Hemorrhage
	Tumor Swelling
	Reflux of Embolic Material
	Risk of Blindness
	Dangerous Anastomoses
	Cranial Nerve Injury
	Skin Necrosis

	Meningioma
	Other Tumors of the Skull and Face
	Presurgical Artery Deconstruction
	Spinal Tumor Embolization
	Endovascular Delivery of Chemotherapy
	Conclusion
	Suggested Readings
	References


	Chapter 123
	123 Brain Tumors during Pregnancy
	Neuroimaging during Pregnancy
	Neuroanesthesia during Pregnancy
	Anesthesia for Pregnant Women Who Require Craniotomy
	Newborn Delivery by Patients with Cranial Lesions

	Pituitary Brain Tumors
	Diagnosis
	Treatment

	Glial Tumors
	Diagnosis
	Treatment

	Meningiomas
	Diagnosis
	Treatment

	Other Tumors
	Conclusion
	Suggested Readings
	References


	Chapter 124
	124 Genetic Syndromes of Brain Tumors
	Neurofibromatosis Type 1
	Clinical Criteria
	Central Nervous System Tumors
	Management

	Neurofibromatosis Type 2
	Clinical Criteria
	Central Nervous System Tumors
	Management

	Tuberous Sclerosis Complex
	Central Nervous System Tumors
	Management

	Von Hippel-Lindau Disease
	Central Nervous System Tumors
	Management

	Li-Fraumeni Syndrome
	Cowden’s Disease
	Conclusion
	Suggested Readings
	References


	Chapter 125
	125 Principles of Chemotherapy
	Abstract
	Key Words
	Basic Concepts
	Cellular Kinetics
	Tumor Kinetics
	Mechanisms of Drug Resistance

	Concepts in Chemotherapy
	Dose Intensification
	Adjuvant Chemotherapy
	Neoadjuvant Chemotherapy
	Combination Chemotherapy

	Delivery of Chemotherapy to the Brain
	Factors Influencing Drug Delivery
	Approaches to Overcome Barriers
	Methods to Increase Drug Delivery
	Methods to Circumvent the Blood-Brain Barrier


	Chemotherapeutic Agents in Central Nervous System Tumors
	Alkylating Agents
	Antimetabolites
	Topoisomerase Inhibitors
	Microtubule Agents

	Conclusion
	Suggested Readings
	References


	Chapter 126
	126 Brain Tumor Outcome Studies
	Defining the Patient Population
	Age
	Histology
	Composite Baseline Risk Scores: Recursive Partitioning Analysis and Others
	Other Factors

	Describing Treatment: Extent of Resection
	Describing Outcomes of Brain Tumor Therapy: End-Point Choices and Definitions
	End Points for Cancer Studies
	Survival, Operative Mortality, and Disease-Specific Mortality
	Progression-Free Survival, Time to Progression, and Time to Treatment Failure
	Other Time-Dependent End Points
	Quality of Life, Functional Status, and Measures of Symptoms
	Tumor Response Rate

	Special Considerations in Specific Phases of Drug or Technology Testing
	Early Phase of Development Studies (Phase 1, Phase 2, Phase 0)
	Phase 3 Clinical Trials

	Special Considerations in Specific Types of Brain Tumor Study Design
	Extent of Surgical Resection as a Prognostic Factor for Survival
	Studies on Technologic Adjuncts for Improving Extent of Resection
	Analysis of Survival in Recurrent Tumor Studies
	Cause-Specific Survival in Metastatic Tumor Studies
	Health Services Research: Volume-Outcome and Disparities Studies

	Suggested Readings
	References


	Chapter 127
	127 Neurocognition in Brain Tumor Patients
	Cognitive Function in Brain Tumor Patients
	Cognition as a Major Outcome Measure
	Cognitive Function as a Predictor of Survival
	Cognition as a Component of Quality-of-Life Assessment

	Methodology for Assessing Cognitive Function
	Specific Causes of Cognitive Dysfunction in Brain Tumor Patients
	Tumor Effect
	Treatment Effect
	Surgery
	Radiation Therapy
	Medical Therapy
	Antiepileptic Drugs.
	Corticosteroids.
	Chemotherapy.



	Cognitive Preservation in Brain Tumor Patients
	Surgical Approaches for Cognitive Preservation
	Advanced Radiotherapy Techniques
	Medical Treatment for Cognitive Impairment

	Specific Types of Tumors and Cognitive Impairment
	Glioblastoma
	Low-Grade Glioma
	Brain Metastases

	Summary
	Suggested Readings
	References


	Chapter 128
	128 Frame and Frameless Stereotactic Brain Biopsy
	Historical Landmarks
	Background
	Frame-Based Stereotaxy
	Frameless Stereotaxy
	Principles of Neuronavigation
	Point-Pair Registration
	Surface Contour Registration


	Indications for Stereotactic Biopsy
	Technical Considerations
	Frameless Image-Guided Stereotactic Biopsy
	Frame-Based Stereotactic Biopsy

	Sampling Error
	Minimization of Brain Shift and Local Tissue Deformation

	Complications of Stereotactic Biopsy
	Comparison of Frame-Based and Frameless Methods
	Intraoperative Magnetic Resonance Imaging–Guided Brain Biopsy
	Stereotactic Biopsy of Brainstem Lesions
	Approaches
	Transtentorial Approach
	Suboccipital Transcerebellar Approach
	Ipsilateral Transfrontal Approach
	Contralateral, Extraventricular, Transfrontal Approach


	Conclusion
	Suggested Readings
	References


	Chapter 129
	129 Basic Principles of Cranial Surgery for Brain Tumors
	Preoperative Evaluation and Management
	Preoperative Imaging Interpretation
	Timing of Surgery
	Surgical Planning: Imaging Studies
	Surgical Preparation
	Positioning
	Incision
	Craniotomies
	Frontotemporal
	Parieto-Occipital
	Parasagittal
	Midline Cerebellar
	Lateral Cerebellar

	Tumor Removal
	Postoperative Care
	Conclusion
	Suggested Readings
	References


	Chapter 130
	130 Basic Principles of Skull Base Surgery
	History of Skull Base Surgery
	History of Endoscopic Skull Base Surgery
	History of Organized Skull Base Surgery

	Overview of Skull Base Surgery
	Preoperative Surgical Planning
	Preoperative Neurological Examination
	Preoperative Risk Evaluation and Preparation
	Preoperative Imaging
	Computed Tomography and Magnetic Resonance Imaging
	Preoperative Angiography

	Surgery Timing

	Operative Considerations and Approach Selection
	Approach Selection
	Pterional Approach
	Subfrontal Approach
	Anterior Petrosal Approach
	Retrosigmoid Suboccipital Approach
	Transsphenoidal Endoscopic Approach

	Anesthetic Considerations
	Airway

	Positioning
	Neuroprotection and Neuromonitoring Considerations

	Tumor Resection
	The Role of Spinal Fluid Diversion in Skull Base Surgery
	Intraoperative Navigation and Intraoperative Magnetic Resonance Imaging
	Neuroendoscopy
	Extent of Surgical Resection and Role of Radiation Therapy
	Complication Avoidance and Management
	Reconstruction Strategies
	Local Flaps
	Pedicled Myocutaneous Flaps
	Free Flap Transfers

	Spinal Fluid Leak Repair
	Venous Injury and Reconstruction

	Suggested Readings
	References


	Chapter 131
	131 Risks of Intrinsic Brain Tumor Surgery and Avoidance of Complications
	Defining a Complication
	Classification Schemes
	Patient Selection and Avoidance of Complications
	Neurological Complications
	Inadvertent Injury to Normal Brain Structures
	Brain Edema
	Injury to Vascular Structures
	Postoperative Hematomas

	Regional Complications
	Systemic Complications
	Mortality Associated with Brain Tumor Surgery

	Conclusion
	Suggested Readings
	References


	Chapter 132
	132 Surgical Navigation for Brain Tumors
	Key Terms
	Fundamentals
	Historical Aspects
	How It Works
	Imaging and Fiducials
	Registration
	Device Tracking
	Display
	Patient Head Movement
	Brain Movement


	Procedures
	Craniotomy
	Minimal Access and Optimal Access Craniotomies
	Relationships to Critical Brain and Preservation of Function
	Use of Diffusion Tensor Imaging in Tumor Resection
	Use of Functional Magnetic Resonance Imaging in Tumor Resection
	Guidance to Subcortical Lesions
	Assistance with Resection Control

	Intraoperative Image Updates
	Use of Intraoperative Ultrasonography in Tumor Resection
	Use of Intraoperative Magnetic Resonance Imaging in Tumor Resection


	Future Applications
	Suggested Readings
	References


	Chapter 133
	133 Endoscopic Approaches to Brain Tumors
	General Principles of Neuroendoscopy
	Endoscope-Assisted Surgery in Transcranial Approaches
	Endoscopic Endonasal Approaches to Sellar and Skull Base Tumors
	Endoscopic Management of Intraventricular Tumors
	Conclusion
	Suggested Readings
	References


	Chapter 134
	134 Awake Craniotomy and Intraoperative Mapping
	Preoperative Mapping of Function
	Neuropsychological Assessment
	Advanced Functional and Anatomic Neuroimaging
	Functional Magnetic Resonance Imaging.
	Magnetoencephalography.
	Transcranial Magnetic Stimulation.
	Diffusion Tensor Imaging.

	Awake Intraoperative Mapping Techniques

	Neuroanesthesia
	Sensorimotor Mapping
	Supplementary Motor Area
	Language
	Visual Pathways
	Spatial Cognition
	Calculation
	Judgment
	Mentalization

	Neural Plasticity
	Functional Outcomes
	Conclusion
	Suggested Readings
	References


	Chapter 135
	135 Intraoperative Magnetic Resonance Imaging
	High-Grade Glioma
	Outcome Measurement
	Correlation with Histology
	Looking Forward

	Low-Grade Glioma
	Pediatric Intrinsic Brain Tumors
	Pituitary Surgery
	Other Indications
	Suggested Readings
	References


	Chapter 136
	136 Low-Grade Gliomas
	Classification and Epidemiology
	Clinical Presentation and Symptom Management
	Diagnostic Neuroimaging for Gliomas
	Prognostic Factors, Patient Outcome, and Survival
	Genetic Expression Profile
	Treatment Options
	Observation
	Stereotactic Biopsy
	Microsurgical Resection
	Radiotherapy
	Chemotherapy
	Molecular Therapy

	Conclusion
	Suggested Readings
	References


	Chapter 137
	137 Malignant Gliomas
	Malignant Astrocytomas
	Epidemiology
	Anaplastic Astrocytoma and Glioblastoma
	Gliosarcoma

	Clinical Manifestations
	Anaplastic Astrocytoma and Glioblastoma
	Gliosarcoma

	Histopathology
	Anaplastic Astrocytoma and Glioblastoma
	Molecular Biology.
	Role of Stem Cells in Pathogenesis and Resistance to Therapy.

	Gliosarcomas

	Neuroimaging Studies
	Anaplastic Astrocytoma and Glioblastoma
	Gliosarcomas

	Management
	General Medical Management
	Surgery
	Influence of Extent of Resection on Clinical Outcomes.

	Radiation Therapy and Chemotherapy for Anaplastic Astrocytoma and Glioblastoma
	Gliomatosis Cerebri
	Gliosarcoma

	Patient Outcome and Survival
	Future Directions

	Anaplastic Oligodendrogliomas
	Rationale
	Epidemiology
	Clinical Manifestations
	Histopathology
	Neuroimaging
	Management
	Surgery
	Radiation Therapy
	Chemotherapy
	Summary of Management

	Patient Outcome and Survival
	Prognostic Factors

	Controversies and Future Directions

	Suggested Readings
	References


	Chapter 138
	138 Radiologic and Clinical Criteria of Treatment Response
	Brain Tumor Imaging Findings Are Nonspecific
	Response Assessment in Neuro-Oncology: Criteria

	Drugs Interfering with Contrast Uptake on Imaging
	Imaging
	Nonenhancing Tumors
	Postsurgical Imaging
	Clinical Assessment of Tumor Response and Nonsurvival End Points
	Some Practical Considerations in Brain Tumor Outcome Assessment
	Suggested Readings
	References


	Chapter 139
	139 Unusual Gliomas
	Subependymal Giant Cell Astrocytoma
	Clinical Presentation and History
	Imaging
	Pathology
	Management and Outcome

	Angiocentric Glioma
	Clinical Presentation and History
	Imaging
	Pathology
	Management and Outcome

	Astroblastoma
	Clinical Presentation and History
	Imaging
	Pathology
	Management and Outcome

	Pilomyxoid Astrocytoma
	Clinical Presentation and History
	Imaging
	Pathology
	Management and Outcome

	Pleomorphic Xanthoastrocytoma
	Clinical Presentation and History
	Imaging
	Pathology
	Management and Outcome

	Ganglioglioma
	Clinical Presentation and History
	Imaging
	Pathology
	Management and Outcome

	Papillary Tumor of the Pineal Region
	Clinical Presentation and History
	Imaging
	Pathology
	Management and Outcome

	Dysembryoplastic Neuroepithelial Tumor
	Clinical Presentation and History
	Imaging
	Pathology
	Management and Outcome

	Chordoid Glioma of the Third Ventricle
	Clinical Presentation and History
	Imaging
	Pathology
	Management and Outcome

	Papillary Glioneuronal Tumor
	Clinical Presentation and History
	Imaging
	Pathology
	Management and Outcome

	Glioblastoma with PNET Features
	Clinical Presentation and History
	Imaging
	Pathology
	Management and Outcome

	Conclusion
	Suggested Readings
	References


	Chapter 140
	140 Primitive Neuroectodermal Tumors
	History
	Incidence
	Pathology
	Clinical Evaluation
	Signs and Symptoms
	Radiographic Evaluation

	Treatment
	Management of Hydrocephalus
	Tumor Removal

	Complications
	Outcomes and Adjuvant Therapy
	Suggested Readings
	References


	Chapter 141
	141 Pineal Tumors
	Historical Perspective
	Anatomy
	Pathology
	Clinical Features
	Initial Symptoms
	Diagnosis
	Tumor Markers


	Treatment
	Management of Hydrocephalus
	Tissue Diagnosis: Biopsy versus Open Resection

	Surgical Techniques
	Biopsy Procedures
	Stereotactic Biopsy
	Endoscopic Biopsy

	Operative Procedures

	Patient Positioning
	Sitting Position
	Lateral Position
	Prone Position

	Operative Approaches
	Infratentorial Supracerebellar Approach
	Transcallosal Interhemispheric Approach
	Occipital Transtentorial Approach
	Transcortical Transventricular Approach

	Postoperative Care
	Complications
	Surgical Outcome
	Postoperative Work-Up
	Adjuvant Therapy
	Radiation Therapy
	Chemotherapy
	Radiosurgery

	Clinical Behavior Based on Tumor Histology
	Benign Pineal Region Tumors
	Glial Cell Tumors
	Papillary Tumor of the Pineal Region
	Pineal Parenchymal Cell Tumors
	Germ Cell Tumors

	Considerations for Pediatric Patients
	Conclusion
	Suggested Readings
	References


	Chapter 142
	142 Medulloblastomas in Adults
	Epidemiology
	Pathology
	Molecular Subgroups
	WNT Medulloblastomas
	Sonic Hedgehog Medulloblastomas
	Group 4 Medulloblastomas

	Clinical Presentation
	Imaging Findings
	Staging/Prognosis
	Clinical/Histopathologic Variables
	Molecular/Genetic Variables
	Subgroup


	Treatment
	Surgery
	Radiation Therapy
	Chemotherapy

	Recurrent Disease
	Conclusion
	Suggested Readings
	References


	Chapter 143
	143 Intracranial Ependymomas in Adults
	Pathology
	Molecular Characteristics
	Clinical Presentation
	Imaging
	Staging
	Treatment
	Surgical Treatment
	Radiation Therapy
	Chemotherapy

	Prognosis
	Acknowledgments
	Suggested Readings
	References


	Chapter 144
	144 Hemangioblastomas
	Abstract
	Key Words
	Epidemiology
	Imaging Findings
	Clinical Findings
	Peritumoral Cyst Formation
	Von Hippel-Lindau Disease
	Natural History
	General
	Pregnancy

	Pathologic Findings
	Pathogenesis
	Management
	Von Hippel-Lindau Disease–Related versus Sporadic Hemangioblastomas
	Screening for von Hippel-Lindau Disease
	Surgical Resection
	Preoperative Embolization
	Radiation Therapy

	Surgical Technique
	Cerebellar Hemangioblastomas
	Spinal Cord Hemangioblastomas
	Brainstem Hemangioblastomas

	Conclusion
	Suggested Readings
	References


	Chapter 145
	145 Primary Central Nervous System Lymphomas
	Key Words
	Epidemiology
	Pathobiology
	Clinical Manifestations
	Diagnosis
	Treatment
	Newly Diagnosed Primary Central Nervous System Lymphoma
	Elderly Patients with Primary Central Nervous System Lymphoma
	Refractory and Relapsed Primary Central Nervous System Lymphoma

	Neurotoxicity
	Monitoring and Follow-Up
	Suggested Readings
	References


	Chapter 146
	146 Metastatic Brain Tumors
	Epidemiology
	Treatment Modalities
	Radiation Therapy
	Patient Parameters and Prognostic Factors
	Dose-Fractionation Schemes for Whole-Brain Radiotherapy
	Altered Fractionation Schemes
	Radiosensitizers
	Prophylactic Cranial Irradiation for Small Cell Lung Cancer
	Complications of Whole-Brain Radiotherapy

	Surgical Resection
	Patient Selection and Prognostic Factors
	Radiographically Determined Features
	Tumor Number.
	Tumor Size.
	Tumor Location.

	Histologic Features.
	Clinical Assessment.

	Postoperative Whole-Brain Radiotherapy
	Surgical Techniques
	Metastasis Anatomy.
	Surgical Approaches.

	Reoperation for Recurrent Metastases
	Outcome and Prognosis with Surgery
	Studies Including Primary Tumors with Different Histologies.
	Surgical Mortality.
	Postoperative Morbidity.
	Survival.


	Stereotactic Radiosurgery
	Stereotactic Radiosurgery versus Conventional Surgery
	Stereotactic Radiosurgery Plus Whole-Brain Radiotherapy
	Surgery with Stereotactic Radiosurgery Boost
	Metastases from Renal Cell Carcinoma and Melanoma
	Leptomeningeal Carcinomatosis
	Reirradiation with Stereotactic Radiosurgery or Whole-Brain Radiotherapy

	Chemotherapy

	Conclusion
	Acknowledgment
	Suggested Readings
	References


	Chapter 147
	147 Meningiomas
	Historical Background
	Epidemiology
	Pathology
	High-Grade Meningiomas
	Immunohistochemistry and Molecular Diagnostics
	Genetic Aspects
	Meningiomas and Receptors
	Etiology
	Trauma
	Viruses
	Irradiation
	Other Associations

	Radiology
	Observation for Meningiomas
	Surgical Therapy and Tumor Recurrence
	Radiation Therapy
	Medical Management
	Meningioma Types and Their Surgical Management
	Convexity Meningiomas
	Parasagittal Meningiomas
	Falcine Meningiomas
	Intraventricular Meningiomas
	Tentorial Meningiomas
	Olfactory Groove Meningiomas
	Tuberculum Sellae Meningiomas
	Supraorbital Approach
	Patient Position.
	Craniotomy Technique.


	Sphenoid Wing and Clinoidal Meningiomas
	Cavernous Sinus Meningiomas
	Meningiomas of the Optic Nerve and Orbit
	Cranio-Orbital Zygomatic Approach
	Patient Position.
	Craniotomy Technique.


	Posterior Fossa Meningiomas
	Cerebellopontine Angle Meningiomas
	Petroclival Meningiomas
	Anterior Petrosal Approach
	Patient Position.
	Craniotomy Technique.

	Posterior Petrosal Approach and Extended Petrosal Approach
	Patient Position.
	Craniotomy Technique.


	Jugular Foramen Meningiomas
	Foramen Magnum Meningiomas
	Transcondylar Approach
	Patient Position.
	Craniotomy Technique.
	Closure and Reconstruction.


	Basal Meningiomas

	Suggested Readings
	References


	Chapter 148
	148 Meningeal Sarcomas and Hemangiopericytomas
	Key Words
	Meningeal Sarcoma
	History
	Clinical Significance
	Clinical Findings and Evaluation
	Imaging
	Pathology and Pathogenesis
	Angiosarcoma
	Chondrosarcoma
	Rhabdomyosarcoma
	Fibrosarcoma
	Malignant Fibrous Histiocytoma
	Primary Meningeal Osteosarcoma
	Other Sarcomas

	Treatment
	Discussion

	Meningeal Hemangiopericytoma
	History
	Clinical Significance
	Pathology and Pathogenesis
	Clinical Findings and Evaluation
	Imaging
	Treatment
	Radiosurgery
	Chemotherapy

	Recurrence
	Metastasis
	Survival
	Discussion

	Conclusion
	Suggested Readings
	References


	Chapter 149
	149 Vestibular Schwannomas
	Abbreviations
	Historical Perspective
	Natural History and Epidemiology
	Neurofibromatosis 2
	Histopathology
	Clinical Presentation and Diagnosis
	Radiologic Assessment
	Preoperative Imaging
	Computed Tomography.
	Magnetic Resonance Imaging.
	Differential Diagnosis.

	Preoperative Planning


	Management of the Asymptomatic Patient
	Intraoperative Neuromonitoring
	Cranial Nerve VII Monitoring
	Cranial Nerve VIII Monitoring
	Brainstem Auditory Evoked Responses
	Direct Cochlear Nerve Action Potential Monitoring

	Surgical Approaches
	Retrosigmoid Approach
	Technique

	Middle Cranial Fossa Approach
	Technique

	Translabyrinthine Approach
	Technique


	Radiosurgery, Radiotherapy, and Adaptive Hybrid Surgery
	Complications and Their Management
	Facial Nerve Injury
	Cochlear Nerve Injury
	Cerebrospinal Fluid Leaks
	Vascular Complications
	Hydrocephalus
	Headache

	Conclusion
	Acknowledgments
	Suggested Readings
	References


	Chapter 150
	150 Pituitary Tumors
	Key Words
	Epidemiology
	Embryology, Morphology, and Anatomy of the Normal Pituitary Gland
	Classification of Pituitary Tumors
	Clinical and Endocrinologic Classification
	Pathologic Classification
	Genetics of Pituitary Tumors
	Imaging Classification

	Clinical Presentation
	General Considerations
	Hormonal Excess States
	Pituitary Insufficiency
	Mass Effect
	Pituitary Apoplexy
	Incidentalomas

	Evaluation and Diagnosis
	Anatomic Diagnosis
	Endocrine Evaluation

	Surgical Management
	Historical Considerations
	Indications and Goals of Surgery
	Preoperative Evaluation
	Transsphenoidal Approaches
	Operative Setup (Our Method)
	Patient Preparation
	Nasal Phase
	Sphenoidal Phase
	Sellar Phase
	Closure

	Transcranial Approaches
	Frontotemporal Approach and Variations
	Subfrontal Approach

	Postoperative Care and Follow-up
	Complications of Pituitary Surgery
	Sinonasal Complications
	Visual Compromise
	Vascular Injury
	Cerebrospinal Fluid Rhinorrhea
	Pituitary Dysfunction
	Hypothalamic Injury


	Radiation Therapy
	Specific Considerations for Pituitary Adenoma Subtypes
	Prolactinoma
	Clinical Presentation
	Laboratory Evaluation
	Treatment Options
	Medical Therapy.
	Operative Management.

	Remission and Postoperative Recurrence

	Growth Hormone–Secreting Pituitary Adenomas
	Clinical Features
	Endocrine Diagnosis
	Treatment Options
	Pharmacologic Therapy
	Somatostatin Analogues.
	Dopamine Agonists.
	Growth Hormone Receptor Antagonists.

	Surgery
	Defining Endocrinologic Remission and Reported Rates of Endocrine Remission
	Radiation Therapy
	Tumor Recurrence

	Corticotroph Adenomas: Cushing’s Syndrome, Cushing’s Disease, and Nelson’s Syndrome
	Cushing’s Syndrome
	Cushing’s Disease
	Clinical Features.
	Laboratory Evaluation.
	Establishing Hypercortisolemia.
	Differentiating Adrenocorticotropic Hormone–Dependent from Adrenocorticotropic Hormone–Independent Causes of Hypercortisolemia.
	Differentiating Cushing’s Disease from Ectopic Adrenocorticotropic Hormone States.

	Imaging.
	Treatment
	Surgery.
	Radiation Therapy.
	Medical Therapy.
	Bilateral Adrenalectomy.


	Nelson’s Syndrome

	Crooke’s Cell Adenoma
	Thyrotroph Pituitary Adenomas
	Clinically Nonfunctioning Pituitary Tumors
	Functional Gonadotrophs
	Pituitary Carcinoma

	Conclusion
	Suggested Readings
	References


	Chapter 151
	151 Craniopharyngiomas in Adults
	Epidemiology
	Presentation
	Radiology and Imaging Characteristics
	Histology
	Treatment Options
	Suggested Readings
	References


	Chapter 152
	152 Epidermoid, Dermoid, and Neurenteric Cysts
	Epidermoid Cysts
	Background
	Presentation
	Imaging
	Treatment
	Pathology

	Dermoid Cysts
	Background
	Presentation
	Imaging
	Treatment
	Pathology

	Neurenteric Cysts
	Background
	Presentation
	Imaging
	Treatment
	Pathology

	Conclusion
	Suggested Readings
	References


	Chapter 153
	153 Ventricular Tumors
	Pathology
	Clinical Features
	Imaging Studies
	Surgical Anatomy
	Lateral Ventricle
	Third Ventricle
	Fourth Ventricle

	Indications for Surgery
	Preparation
	Intraoperative Imaging and Monitoring
	Surgical Removal of Lateral Ventricle Tumors
	General Aspects
	Approaches to the Lateral Ventricles
	Anterior Interhemispheric Transcallosal Approach
	Anterior Transcortical Approach
	Superior Frontal Sulcus Approach
	Posterior Interhemispheric Transcingular Approach
	Transtemporal Approach
	Intraparietal Sulcus Approach
	Transsylvian Approach to the Temporal Horn
	Occipitotemporal Sulcus Approach

	Surgical Technique
	Common Tumors of the Lateral Ventricles
	Ependymomas
	Subependymomas
	Central Neurocytomas
	Low-Grade Gliomas
	High-Grade Gliomas
	Choroid Plexus Papillomas
	Meningiomas
	Epidermoid Cysts


	Surgical Removal of Third Ventricle Tumors
	General Aspects
	Approaches to the Third Ventricle
	Transnasal Transsphenoidal Endoscopic Approach to the Third Ventricle
	Transfrontal Transsphenoidal Subchiasmatic Approach
	Subfrontal Trans–Lamina Terminalis Approach
	Anterior Transcortical Approach
	Anterior Interhemispheric Transcallosal Transchoroidal Approach
	Interforniceal Approach
	Posterior Transcallosal Transcortical Approach
	Occipital Transtentorial Approach
	Infratentorial Supracerebellar Approach

	Surgical Technique
	Interhemispheric Subfrontal Trans–Lamina Terminalis Approach
	Lateral Subfrontal Trans–Lamina Terminalis Approach
	Anterior Transcortical Approach
	Anterior Interhemispheric Transcallosal Paraforniceal Approach
	Occipital Transtentorial Approach to the Pineal Region
	Infratentorial Supracerebellar Approach

	Common Tumors of the Third Ventricle
	Colloid Cysts
	Ependymomas
	Craniopharyngiomas
	Gliomas
	Pineal Region Tumors
	Tectal Tumors Involving the Third Ventricle
	Cavernous Malformations


	Surgical Removal of Fourth Ventricle Tumors
	General Aspects
	Approaches to the Fourth Ventricle
	Telovelar or Transcerebellomedullary Fissure Approach

	Surgical Technique
	Common Tumors of the Fourth Ventricle
	Ependymomas
	Medulloblastomas
	Hemangioblastomas
	Epidermoid Cysts
	Pilocytic Astrocytomas
	Exophytic Cavernous Malformations


	Neuroendoscopy for Intraventricular Tumors
	History and General Aspects
	Endoscopic Resection of Colloid Cysts

	Surgical Technique

	Outcome and Complications
	Suggested Readings
	References


	Chapter 154
	154 Overview of Skull Base Tumors
	Classification
	Epidemiology
	Meningiomas
	Therapeutic Plan
	Surgical Considerations

	Pituitary Adenomas
	Therapeutic Plan
	Surgical Considerations

	Craniopharyngiomas
	Therapeutic Plan
	Surgical Considerations

	Schwannomas
	Therapeutic Plan
	Surgical Considerations

	Epidermoid and Dermoid
	Therapeutic Plan
	Surgical Considerations

	Chordomas and Chondrosarcomas
	Therapeutic Plan
	Surgical Considerations

	Paraganglioma (Chemodectomas or Glomus Tumors)
	Therapeutic Plan
	Surgical Considerations

	Skull Base Metastases
	Therapeutic Plan
	Surgical Considerations

	Conclusion
	Suggested Readings
	References


	Chapter 155
	155 Chordomas and Chondrosarcomas
	Historical Background
	Epidemiology
	Presentation
	Histologic Features
	Radiologic Imaging Features
	Differential Diagnosis
	Staging and Classification Systems for Surgical Planning
	Surgery
	Clival Chordomas and Chondrosarcomas
	Chordomas and Chondrosarcomas of the Mobile Spine and Sacrum

	Radiation Therapy
	Chemotherapy
	Surgical Outcomes
	Conclusion and Future Directions
	Suggested Readings
	References


	Chapter 156
	156 Glomus Tumors
	Historical Background
	Identification of the Lesion Sites of Origin
	Classification and Surgical Removal of Temporal Paragangliomas (JPs and TPs)
	Classification and Surgical Removal of Cervical Paragangliomas (CPs, VPs, and LPs)
	Embolization
	Radiation Treatment
	Radiotherapy
	Radiosurgery


	Tumor Characteristics
	Origin
	Genetic Aspects
	Incidence and Prevalence
	Pathogenesis
	Histopathology
	Malignancy
	Functionality

	Clinical Signs and Symptoms
	Diagnosis
	Treatment
	Embolization
	Surgery
	Jugular Paragangliomas
	Carotid Paragangliomas
	Surgical Approaches
	Extracranial Skull Base Approaches.
	Transcervical Approach.


	Radiotherapy
	External Beam Radiotherapy
	Stereotactic Radiosurgery

	Wait and Scan

	Suggested Readings
	References


	Chapter 157
	157 Neoplasms of the Paranasal Sinuses
	Background
	Pathogenesis
	Pathologic Features
	Diagnostic Evaluation
	Classification
	Treatment Principles
	Surgical Management
	Craniofacial Resection
	Endoscopic Transcribriform Resection
	Transmaxillary Maxillary Neurectomy
	Orbitectomy
	Lateral Approaches
	Complications
	Endoscopic Surgery

	Adjuvant Therapies

	Outcome
	Conclusion
	Suggested Readings
	References


	Chapter 158
	158 Esthesioneuroblastomas
	Pathology
	Presentation
	Patient Evaluation
	Treatment
	Radiotherapy
	Chemotherapy
	Combined Chemoradiation
	Surgical Resection
	Radiosurgery

	Surgical Technique
	Complications
	Outcomes
	Conclusion
	Suggested Readings
	References


	Chapter 159
	159 Trigeminal Schwannomas
	Epidemiology and History
	Pathology and Pathogenesis
	Pathologic Anatomy and Classification Schemes

	Diagnosis
	Clinical Findings
	Diagnostic Imaging

	Treatment
	Surgery
	Role of Radiosurgery and Radiotherapy
	Outcome

	Summary
	Suggested Readings
	References


	Chapter 160
	160 Juvenile Nasopharyngeal Angiofibromas
	Introduction and Epidemiology
	Histology
	Pathogenesis

	Patterns of Growth
	Diagnostic Studies
	Staging
	Treatment Options
	Surgery
	Choice of Surgical Approach
	Open Surgery.
	Transpalatal Approach.
	Other Anterior Approaches.
	Infratemporal Fossa Approach.

	Endoscopic and Endoscopically Assisted Approaches.


	Radiotherapy
	Surveillance and Recurrent or Residual Tumors

	Conclusion
	Suggested Readings
	References


	Chapter 161
	161 Tumors of the Orbit
	Clinical Manifestations
	Surgical Anatomy
	Surgical Approaches (“Around the Clock”)
	Lateral Corridors
	External Approaches
	Fronto-orbital Temporal and Pterional Transcranial Approaches
	Eyebrow Fronto-orbital Approach and Lateral Supraorbital Approach

	Lateral Microsurgical Approach and Lateral Orbitotomy

	Medial Corridors
	External Approaches: Anterior Medial Micro-Orbitotomy and Transconjunctival Approach
	Endonasal Approaches
	Medial-Inferior Extraconal Approach
	Transmaxillary Extraconal Approach
	Medial Intraconal Approach


	Complications and Their Management
	Choice of Approach
	Conclusion
	Suggested Readings
	References


	Chapter 162
	162 Skull Tumors
	Primary Skull Neoplasms
	Benign
	Osteoma/Osteoid Osteoma/Osteoblastoma
	Hemangioma and Lymphangioma
	Embryonic: Epidermoid and Dermoid Cysts
	Chondroma (Osteochondroma)
	Giant Cell Tumor
	Aneurysmal Bone Cyst
	Lipoma
	Meningioma

	Malignant
	Osteogenic Sarcoma
	Fibrosarcoma
	Chondrosarcomas and Chordomas
	Chondrosarcoma.
	Chordoma.



	Secondary (Metastatic) Skull Neoplasms
	Carcinoma
	Solitary Plasmacytoma/Multiple Myeloma
	Lymphoma
	Ewing’s Sarcoma
	Neuroblastoma

	Reactive, Proliferating, and Nonneoplastic Lesions
	Paget’s Disease of Bone (Osteitis Deformans)
	Langerhans Cell Histiocytosis (Histiocytosis X)
	Fibrous Dysplasia
	Hyperostosis Frontalis Interna
	Sinus Pericranii

	Suggested Readings
	References


	Chapter 163
	163 Scalp Tumors
	Skin Lesions
	Keratosis
	Nonmelanoma Skin Cancers
	Basal Cell Carcinoma
	Squamous Cell Carcinoma
	Staging and Treatment

	Melanocytic Nevus
	Melanoma

	Soft Tissue Lesions
	Lesions of Vascular Tissue
	Hemangioma
	Arteriovenous Malformation
	Angiosarcoma
	Kaposi’s Sarcoma

	Lesions of Nervous Tissue
	Lesions of Skin Appendages
	Metastatic Lesions
	Scalp Reconstruction
	Acknowledgments
	Suggested Readings
	References


	Chapter 164
	164 Pseudotumor Cerebri
	Terminology
	Epidemiology
	Symptoms and Signs
	Diagnosis
	Neuroimaging
	Cerebrospinal Fluid Examination

	Secondary Pseudotumor Cerebri
	Complications
	Pathophysiology
	Monitoring
	Treatment
	Treatment Related to Obesity
	Medical Treatment
	Medications to Reduce Headache
	Medications to Lower Intracranial Pressure

	Repeated Lumbar Punctures
	Surgical Procedures
	Cerebrospinal Fluid Diversion Procedures
	Optic Nerve Sheath Fenestration
	Venous Sinus Stenting


	Special Circumstances
	Pregnancy
	Fulminant Pseudotumor Cerebri

	Prognosis
	Suggested Readings
	References


	Chapter 165
	165 Sarcoidosis, Tuberculosis, and Demyelinating Disease
	Abstract
	Key Words:
	Clinical Approach
	Imaging
	Sarcoidosis
	Tuberculosis
	Demyelinating Disease
	Suggested Readings
	References


	Section VI

	Overview and Controversies
	Overview of Pain Section
	Historical Overview of Neurosurgical Management of Pain
	Trigeminal Neuralgia
	Cordotomy
	Stereotaxy
	Gate Theory of Pain
	Intraspinal Opioids
	Evidence-Based Medicine

	Current Controversies and Unresolved Questions Related to Neurosurgical Management of Pain
	Spinal Cord Stimulation
	Nerve Grafts and Conduits
	Limitations of Destructive Techniques
	Genetics and Pain Syndromes
	Lesions in the Dorsal Root Entry Zone
	Limitations of Cordotomy

	Conclusion
	Suggested Readings
	References


	Chapter 166
	166 Anatomy and Physiology of Pain
	Sensory Transmission of Pain-Related Information
	Descending Modulation of Pain


	Chapter 166z
	166 Anatomy and Physiology of Pain
	Primary Afferent Nociceptors
	Dorsal Horn and Ascending Pathways
	Role of Dorsal Column Pathway in Visceral Pain

	Supraspinal Nociceptive Targets
	Thalamus
	Lateral Thalamic Nuclei
	Ventral Caudal Nucleus
	Ventralis Caudalis Parvocellularis
	Posterior Part of the Ventral Medial Nucleus

	Medial Thalamic Nuclei
	Intralaminar Nuclei
	Ventral Caudal Part of the Medial Dorsal Nucleus

	Brainstem

	Cortical Processing
	Primary Somatosensory Cortex
	Secondary Somatosensory Cortex
	Insula
	Anterior Cingulate Cortex
	Prefrontal Cortex

	Sensitization of Ascending Pain Transmission Pathways
	Descending Modulatory Systems
	Descending Modulation and the PAG/RVM System
	Bidirectional Control
	Neural Basis for Bidirectional Control
	Recruitment of the PAG/RVM Modulatory System
	Activation by Noxious Inputs: A Positive-Feedback Loop
	Stress
	Contribution to Chronic Pain States
	Descending Modulation in Humans: Evidence from Imaging Studies


	Conclusion
	Acknowledgments
	Suggested Readings
	References


	Chapter 167
	167 Molecular Basis of Nociception
	Pain Sensitization


	Chapter 167z
	167 Molecular Basis of Nociception
	Activation of Primary Afferents
	Pain-Promoting Substances Released with Tissue Injury
	Detection and Transduction of Tissue Injury
	Nociception in Other Tissues
	Peripheral Sensitization

	Modulation of Primary Afferent Firing
	Transmission of Pain Signals to the Central Nervous System
	Central Mechanisms of Sensitization

	Acknowledgments
	Suggested Readings
	References


	Chapter 168
	168 Approach to the Patient with Chronic Pain
	Before the Patient’s Arrival
	The Initial Visit
	Obtaining a History
	General Aspects
	Pain History and Onset
	Pain Characteristics
	Pain Treatment History
	Medical and Surgical History
	Family History
	Social and Psychological History

	Physical and Neurological Examinations
	Formulating a Treatment Plan

	Suggested Readings
	References


	Chapter 169
	169 Pharmacologic Treatment of Pain
	Pathophysiology
	Pharmacologic Treatment of Pain
	Nonsteroidal Anti-inflammatory Drugs
	Acetaminophen
	Antidepressants
	Antiepileptics
	Opioids
	Current Practices with Opioids and Their Consequences.


	Mechanistic Approach to Pain
	Medication Selection
	Neuropathic Pain
	Acute Pain
	Acute Pain in Children.



	Conclusion
	Suggested Readings
	References


	Chapter 170
	170 Evidence-Based Approach to the Treatment of Facial Pain
	The Benefit of Evidence-Based Medicine
	Implementation of Evidence-Based Medicine in Surgery for Facial Pain
	Other Trial Options
	Conclusion
	Suggested Readings
	References


	Chapter 171
	171 Trigeminal Neuralgia
	Historical Perspective
	Epidemiology
	Risk Factors
	Diagnosis
	Differential Diagnosis

	Nonoperative Management
	Prognosis
	Timing of Surgical Consultation and Intervention
	Suggested Readings
	References


	Chapter 172
	172 Percutaneous Procedures for Trigeminal Neuralgia
	Historical Development of Percutaneous Procedures for Trigeminal Neuralgia
	Trigeminal Anatomy
	Diagnosis
	Diagnostic Tools

	Surgical Treatment
	Percutaneous Preoperative Care
	Patient Selection
	Preoperative Patient Preparation

	Percutaneous Surgical Procedures
	Radiofrequency Rhizotomy
	Glycerol Rhizotomy
	Balloon Compression
	Postoperative Management

	Radiosurgery
	Results and Complications
	Special Considerations
	Multiple Sclerosis
	Recurrent Treatment

	Conclusion
	Suggested Readings
	References


	Chapter 173
	173 Stereotactic Radiosurgery for Trigeminal Neuralgia
	Key Words:
	Historical Perspective of Gamma Knife Radiosurgery in Trigeminal Neuralgia
	Rationale for Radiosurgery in Trigeminal Neuralgia and Factors Related to Favorable Outcomes
	Radiosurgical Targeting
	Clinical Follow-Up
	Pain Control after Radiosurgery for Trigeminal Neuralgia: a Review of the Literature
	Recurrence and Re-Treatment
	Complications From Radiosurgery
	Comparison of Radiosurgery and Open Surgery for Trigeminal Neuralgia
	Conclusion
	Suggested Readings
	References


	Chapter 174
	174 Microvascular Decompression for Trigeminal Neuralgia
	History
	Pathophysiology
	Alternative Treatments
	Patient Selection and Classification of Facial Pain
	Preoperative Imaging
	Operative Technique
	Postoperative Care
	Complications
	Results
	Other Neurovascular Facial Pain Syndromes
	Glossopharyngeal Neuralgia
	Geniculate Neuralgia (Nervus Intermedius Neuralgia)

	Conclusion
	Suggested Readings
	References


	Chapter 175
	175 Neurosurgical Management of Intractable Pain
	Prelude to Surgical Treatment
	Patient Selection for Surgical Pain Therapies
	Neurosurgical Therapies for Intractable Pain
	Augmentative Therapies
	Neuroablative Therapies
	Peripheral Procedures
	Spinal Procedures
	Supraspinal Intracranial Techniques


	Conclusion
	Acknowledgment
	Suggested Readings
	References


	Chapter 176
	176 Evidence-Based Neurostimulation for Pain
	Intracranial Neurostimulation
	Deep Brain Stimulation
	Motor Cortex Stimulation
	Occipital Nerve Stimulation
	Spinal Cord Stimulation
	Peripheral Nerve Stimulation

	Conclusion


	Chapter 176z
	176 Evidence-Based Neurostimulation for Pain
	Intracranial Neurostimulation
	Deep Brain Stimulation
	Motor Cortex Stimulation
	Occipital Nerve Stimulation
	Spinal Cord Stimulation
	Peripheral Nerve Stimulation
	Discussion
	Intracranial Stimulation
	Deep Brain Stimulation
	Motor Cortex Stimulation
	Occipital Nerve Stimulation
	Spinal Cord Stimulation
	Peripheral Nerve Stimulation

	Conclusion
	Suggested Readings
	References


	Chapter 177
	177 Peripheral Nerve Stimulation for Neuropathic Pain
	Theory and Application
	Indications
	Technique
	Outcome
	Future
	Suggested Readings
	References


	Chapter 178
	178 Spinal Cord Stimulation
	Mechanism of Action
	Gate Theory
	Neurotransmitters
	Summary

	Indications and Outcomes
	Failed Back Surgery Syndrome
	Complex Regional Pain Syndrome
	Ischemic Pain
	Psychological Screening
	Early Lead Configurations

	Modern-Day Lead Types
	Laminectomy Versus Percutaneous Placement
	Generators
	Constant Current Versus Constant Voltage
	Patient Programmers
	Stimulation Parameters
	Surgical Technique
	Electrode Placement
	Awake versus Asleep Placement

	Generator Placement

	Complications
	Cautions and Contraindications
	Compatibility with Magnetic Resonance Imaging

	New Directions
	Suggested Readings
	References


	Chapter 179
	179 Evidence Base for Destructive Procedures
	Methods
	Results
	Rhizotomy
	Rhizotomy for Truncal or Extremity Neuralgias and Lumbar Facet Syndrome
	Rhizotomy for Chronic Discogenic Back Pain
	Rhizotomy for Cervical Pain
	Rhizotomy for Trigeminal Neuralgia
	Neurectomy for Trigeminal Neuralgia
	Rhizotomy and Neurectomy for Cluster Headache and Facial Pain
	Rhizotomy for Cancer Pain

	Ganglionectomy
	Ganglionectomy for Lumbar and Cervical Radicular Pain
	Ganglionectomy for Occipital Neuralgia
	Ganglionectomy for Pain of Other Etiologies

	DREZ Lesions
	Trigeminal Tractotomy for Facial Pain
	Cordotomy
	Myelotomy
	Mesencephalotomy
	Thalamotomy
	Cingulotomy
	Sympathectomy

	Discussion
	Conclusion
	Acknowledgments
	Suggested Readings
	References


	Chapter 180
	180 Dorsal Rhizotomy and Dorsal Root Ganglionectomy
	Indications for Dorsal Rhizotomy and Ganglionectomy
	Cancer Pain
	Noncancer Pain

	Surgery
	Cervical Ganglionectomy and Rhizotomy
	Thoracic Ganglionectomy and Rhizotomy
	Lumbar Ganglionectomy and Rhizotomy

	Conclusion
	Suggested Readings
	References


	Chapter 181
	181 Diagnosis and Management of Painful Neuromas
	Abstract
	Key Words:
	Pathophysiology
	Clinical Presentation
	Diagnosis
	Treatment
	Prevention of Secondary Neuroma
	Poor Surgical Candidates
	Future Directions
	Suggested Readings
	References


	Chapter 182
	182 Dorsal Root Entry Zone Lesions for Pain
	Rationale
	Indications
	Cancer Pain
	Neuropathic Pain
	Root Avulsion Pain (Brachial and Lumbosacral Plexus)
	Spinal Cord Injury Pain
	Other Pain Indications

	Hyperspastic States with Pain

	Technique
	How to Avoid Complications
	Conclusion
	Suggested Readings
	References


	Chapter 183
	183 Percutaneous Cordotomy and Trigeminal Tractotomy-Nucleotomy
	History
	Cordotomy
	Indications
	Technique
	Equipment
	Procedure
	Target Verification
	Radiologic.
	Clinical.
	Electrophysiologic
	Impedance Monitoring.
	Macrostimulation.



	Results and Complications
	Future Directions

	Trigeminal Tractotomy-Nucleotomy
	Indications
	Technique
	Equipment
	Preoperative Preparation
	Surgical Positioning
	Imaging and Data Acquisition
	Needle Placement
	Target Verification
	Radiologic.
	Clinical.
	Electrophysiologic
	Impedance Monitoring.
	Macrostimulation.


	Lesion Making

	Results and Complications

	Conclusion
	Suggested Readings
	References


	Section VII

	Overview and Controversies
	Overview
	Controversies
	Suboccipital Decompression with versus without Duraplasty for Chiari I Malformation
	The Issue
	Conclusions

	Shunt versus Endoscopic Third Ventriculostomy and Choroid Plexus Cauterization for Infantile Hydrocephalus
	The Issue
	Conclusions

	Aggressive Resection versus Limited Resection Plus Radiation for Craniopharyngioma
	The Issue
	Conclusions

	Biopsy versus No Biopsy for Diffuse Pontine Glioma
	The Issue
	Conclusions

	Conservative versus Prophylactic Untethering for Spinal Lipoma
	The Issue
	Conclusions


	Acknowledgments
	Suggested Readings
	References


	Chapter 184
	184 Neuroanesthesia in Children
	Preoperative Evaluation and Preparation
	Intraoperative Management
	Induction of Anesthesia
	Airway Management
	Maintenance of Anesthesia
	Local Anesthesia
	Vascular Access
	Monitoring
	Thermal Homeostasis
	Positioning
	Emergence From Anesthesia

	Postoperative Management
	Conclusion
	Suggested Readings
	References


	Chapter 185
	185 Neurocritical Care in Children
	Neurological Assessment in the Pediatric Intensive Care Unit
	Airway Management and Respiratory Failure
	Stroke in Children
	Stroke in Children with Sickle Cell Disease
	Stroke: Anticoagulation and Supportive Therapy

	Fluids, Electrolytes, and Nutrition
	Intracranial Hypertension
	Seizures
	Infections
	Prevention of Secondary Insults to the Brain
	The Diagnosis of Brain Death in Children
	Conclusion
	Suggested Readings
	References
	APPENDIX 185-1: Postoperative Protocol for Diabetes Insipidus
	Background
	Indications
	Diagnostic Criteria
	Postoperative Diabetes Insipidus

	Monitoring (eTable 185-1)
	Treatment
	Goals of Treatment
	Vasopressin Infusion Titration
	If Patient Is Able to Drink
	If Urine Output Replacement Is Indicated

	Criteria for Transition to Oral Desmopressin
	Differential Diagnoses
	Diabetes Insipidus (Other than Postoperative DI)
	Syndrome of Inappropriate Antidiuretic Hormone Secretion
	Cerebral Salt Wasting Syndrome

	Appendix Bibliography



	Chapter 186
	186 Neuroembryology and Molecular Genetics of the Brain
	Early Embryonic Development and Induction
	Early Brain Induction
	Defects of Brain Induction: Hesx1 and Septo-optic Dysplasia

	Neurulation
	Defects of Cranial Neurulation: Anencephaly

	Segmentation
	Secondary Organizers
	Rhombencephalon/Hindbrain
	Isthmic Organizer
	Defects of Isthmic Organizer Activity: Brainstem and Cerebellar Malformations (Including Dandy-Walker Malformation)

	Rhombic Lip
	Cerebellum
	Correlation of Cerebellar Development and Neoplasia: Posterior Fossa Medulloblastoma

	Prosencephalon
	Defect of Telencephalon Development: Holoprosencephaly

	Diecephalon
	Defects of Diencephalon Organizer Development

	Cerebral Cortex
	Malformations of Cortical Development: Lissencephaly and Cortical Dysplasias

	Embryonic Ventricular System
	Development of Ependymal Cells
	Development of Choroid Plexus
	Hydrocephalus Caused by Aqueductal Stenosis

	Conclusion
	Suggested Readings
	Early embryonic development and induction
	Early brain induction
	Neurulation
	Defects of cranial neurulation: anencephaly
	Segmentation
	Secondary organizers
	Rhombencephalon/hindbrain
	Isthmic organizer
	Defects of isthmic organizer activity: brainstem and cerebellar malformations (including Dandy-Walker malformation)
	Rhombic lip
	Cerebellum
	Correlation of cerebellar development and neoplasia: posterior fossa medulloblastoma
	Prosencephalon
	Cerebral cortex
	Malformations of cortical development: lissencephaly and cortical dysplasias
	Embryonic ventricular system
	Hydrocephalus caused by aqueductal stenosis

	References


	Chapter 187
	187 Encephaloceles, Meningoceles, and Cranial Dermal Sinus Tracts
	Nosology
	Classification and Nomenclature
	Embryology
	Epidemiology
	Genetics

	Diagnosis
	Management
	Mode of Delivery
	Encephaloceles and Hydrocephalus
	Anesthetic Considerations
	Goals of Surgery
	Posterior Encephaloceles: Surgical Technique
	Chiari Type III and Cervical Encephaloceles
	Anterior Cephaloceles

	Prognosis
	Conclusions

	Cranial Meningoceles
	Cranial Dermal Sinus Tracts
	Introduction
	Embryology
	Epidemiology
	Genetics
	Diagnosis
	Association with Dermoid and Epidermoid Cysts and Intracranial Abscesses
	Management
	Goals of Surgery
	Occipital
	Nasal

	Prognosis
	Conclusions

	Suggested Readings
	References


	Chapter 188
	188 Dandy-Walker Syndrome
	History
	Embryology
	Terminology and Differential Diagnosis
	Clinical Features
	Treatment
	Prognosis
	Conclusion
	Suggested Readings
	References


	Chapter 189
	189 Arachnoid Cysts in Childhood
	Epidemiology
	Pathology
	Appearance
	Pathogenesis

	Embryology
	Clinical Presentation
	Supratentorial Arachnoid Cysts
	Infratentorial Arachnoid Cysts

	Imaging
	Treatment
	Conservative Management
	Surgery
	Microsurgical Resection
	Cystoperitoneal Shunt
	Endoscopic Fenestration

	Spinal Arachnoid Cysts

	Conclusion
	Suggested Readings
	References


	Chapter 190
	190 Chiari Malformations
	History
	Terminology
	Chiari I Malformation
	Chiari II Malformation
	Chiari III Malformation
	Chiari IV Malformation
	Chiari 0 Malformation
	Chiari 1.5 Malformation

	Signs and Symptoms
	Chiari I Malformation
	Chiari II Malformations

	Diagnostic Studies
	Imaging
	Chiari I Malformations
	Chiari II Malformations

	Cerebrospinal Fluid Flow Studies and Cine-Mode Magnetic Resonance Imaging
	Electrophysiologic Studies

	Pathophysiology
	Chiari I Malformation
	Chiari II Malformation
	Syringohydromyelia

	Treatment
	Chiari I Malformation
	Chiari II Malformation

	Complications
	Results and Prognosis
	Chiari I Malformation
	Chiari II Malformation

	Follow-Up
	Chiari I Malformation
	Chiari II Malformation

	Conclusion
	Suggested Readings
	References


	Chapter 191
	191 Craniopagus Twins
	Historical Perspective
	Classification and Demographics
	Surgical Separation
	Risk Stratification
	Preoperative Assessment
	Single-Stage Separation
	Theory of Multistaged Separation
	Surgical Techniques
	Risks and Complications
	Incision Planning and Wound Closure

	Inoperable Craniopagus
	Craniopagus Twins with Conjoined Brain Bridge
	Effect of Cultural Views on Craniopagus Management

	Conclusion
	Acknowledgments
	Suggested Readings
	References


	Chapter 192
	192 Molecular Genetics and Principles of Craniosynostosis
	Suture Morphogenesis
	Syndromic Craniosynostosis
	Inheritance Patterns in Syndromic Craniosynostosis
	Molecular Genetics of Syndromic Craniosynostosis
	Muenke’s Syndrome
	Apert’s Syndrome
	Pfeiffer’s Syndrome
	Crouzon’s Syndrome
	Jackson-Weiss Syndrome
	Saethre-Chotzen Syndrome


	Nonsyndromic Craniosynostosis
	Sagittal
	Coronal
	Metopic

	Value of Molecular Genetics to the Craniofacial Surgeon
	Conclusion
	Suggested Readings
	References


	Chapter 193
	193 Nonsyndromic Craniosynostosis
	Nonsyndromic and Syndromic Craniosynostosis
	Diagnosis
	Operative Timing and Approaches
	Neurocognitive Considerations
	Etiology of Neurocogntive Disabilities
	Effect of Surgical Technique and Timing
	Operative Treatment
	Metopic Synostosis
	Operative Technique

	Unilateral Coronal Synostosis
	Operative Technique

	Bilateral Coronal Synostosis
	Operative Technique

	Sagittal Synostosis
	Operative Technique

	Lambdoid Synostosis
	Operative Technique


	Operative Complications
	Philosophy of Treatment
	Suggested Readings
	References


	Chapter 194
	194 Syndromic Craniosynostosis
	Pathophysiology and Genetics
	Main Faciocraniosynostosis Syndromes
	Crouzon’s Syndrome
	Pfeiffer’s Syndrome
	Apert’s Syndrome
	Saethre-Chotzen Syndrome
	Craniofrontonasal Dysplasia
	Carpenter’s Syndrome

	Antenatal Diagnosis
	Functional Aspects
	Brain Malformation
	Intracranial Pressure
	Mental Delay
	Visual Function
	Breathing Function

	Surgical Indications
	Prevention and Correction of Increased Intracranial Pressure

	Techniques
	Posterior Skull Management
	Anterior Skull Management
	Frontal Advancement
	Facial Advancement
	Simultaneous Frontal and Facial Advancement
	Distraction Osteogenesis in Craniofacial Surgery


	Complications
	Conclusion
	Suggested Readings
	References


	Chapter 195
	195 Endoscopic Treatment of Craniosynostosis

	Chapter 195z
	195 Endoscopic Treatment of Craniosynostosis
	Instrumentation
	Surgical
	Helmet

	Anesthesia
	Sagittal
	Surgical Procedure
	Results

	Coronal
	Surgical Procedure
	Results

	Metopic
	Surgical Procedure
	Results

	Lambdoid
	Surgical Procedure
	Results

	Nonsyndromic Multiple Suture Synostosis
	Conclusion
	Suggested Readings
	References


	Chapter 196
	196 Nonsynostotic Plagiocephaly
	History
	Scope and Impact
	Incidence
	Pathogenesis and Pathology
	Evaluation
	Treatment
	Conclusion
	Suggested Readings
	References


	Chapter 197
	197 Hydrocephalus in Children
	Etiology
	Congenital Hydrocephalus
	Hydrocephalus Associated with Myelomeningocele
	Arachnoid Cyst
	Posthemorrhagic Hydrocephalus
	Genetics and Cellular Mechanisms

	Acquired Hydrocephalus
	Hydrocephalus Associated with Brain Tumors
	Posttraumatic Hydrocephalus
	Venous Disease


	Presentation
	Patients Presenting in Utero
	Patients Presenting in Infancy
	Older Children

	Diagnostic Studies
	Management
	Follow-Up
	The Child with Suspected Shunt Malfunction
	The Child with a Shunt and Chronic Headache
	The Child with a Shunt and Fever

	Long-Term Monitoring
	The Child with Hydrocephalus Growing into Adulthood
	Long-Term Outcome


	Suggested Readings
	References


	Chapter 198
	198 Infantile Posthemorrhagic Hydrocephalus
	Intraventricular Hemorrhage in Preterm Infants
	Epidemiology
	Pathophysiology of Germinal Matrix Hemorrhage and Posthemorrhagic Infarction
	Clinical Presentation and Diagnostic Evaluation
	Treatment Options
	Nonsurgical Treatment
	Temporary Surgical Interventions
	Permanent Cerebrospinal Fluid Diversion Procedures
	Shunt Technique
	Endoscopic Third Ventriculostomy

	Complications
	Infection
	Malfunction in Temporary Shunts
	Other Complications

	Neurological Outcome and Comorbidities

	Intraventricular Hemorrhage in Term Infants
	Epidemiology
	Pathophysiology
	Clinical Presentation
	Treatment
	Neurological Outcome and Comorbidities

	Suggested Readings
	References


	Chapter 199
	199 Cerebrospinal Fluid Disorders and Transitional Neurosurgery
	Evolving Cerebral Fluid System Concepts
	Cerebrospinal Fluid Bulk Flow Model
	Cerebrospinal Fluid Production
	Cerebrospinal Fluid Absorption
	Arachnoid Villi
	Lymphatic System Cerebrospinal Fluid Drainage
	Lymphatic System and Solute Clearance
	Parenchymal Capillary Exchange

	Cerebrospinal Fluid Movement
	Cerebrospinal Fluid Content
	The Cerebral Fluid System: A Complex System

	Transitional Hydrocephalus and Cerebral Fluid System Disorders of Young Adults
	Transitional Neurosurgical Care
	The Adult With Congenital Hydrocephalus
	Adult-Onset Congenital Hydrocephalus

	Slit Ventricle Syndrome
	Idiopathic Intracranial Hypertension
	Intracranial Hypotension and Cerebrospinal Fluid Leak
	Arachnoid and Ependymal Congenital Cysts
	Arachnoid Cysts
	Dandy-Walker Malformation

	Chiari Malformations
	Chiari Malformation as a Cerebral Fluid System Disorder
	Chiari Malformation Acquired Through Spinal Cerebrospinal Fluid Loss
	Chiari II Malformation.
	Chiari I Malformation.

	Cardiac Pulsation and Chiari Malformation Severity
	Chiari and Other Cerebral Fluid System Disorders
	Idiopathic Intracranial Hypertension.
	Hydrocephalus.
	Chiari-Associated Syringomyelia.

	Summary

	Syringomyelia

	Conclusion
	Suggested Readings
	References


	Chapter 200
	200 Experimental Hydrocephalus

	Chapter 200z
	200 Experimental Hydrocephalus
	Experimental Models
	Animal Models of Acquired Obstructive and Communicating Hydrocephalus
	Animal Models of Congenital and Transgenic Hydrocephalus
	Modeling Biomechanical Properties in Hydrocephalus
	In Vitro Models in Experimental Hydrocephalus

	Pathophysiologic Mechanisms and Treatment Possibilities
	Gliosis and Neuroinflammation
	Biomechanical Properties of Hydrocephalic Brains
	Cerebrospinal Fluid Absorption: Lymphatic, Arachnoid, Microvascular
	Neurodevelopmental Effects on Neurogenesis and Neural Progenitors

	Conclusion
	Suggested Readings
	References


	Chapter 201
	201 Ventricular Shunting Procedures
	History
	Components of Shunt Systems
	Ventricular and Distal Catheter Choices
	Valve Choices
	Fixed Differential Pressure Valves
	Anti-siphon Devices.
	Gravitational Devices.

	Flow-Regulating Valves
	Programmable Differential Pressure Valves
	Choosing a Valve


	Shunt Surgery
	General Principles
	Infection Avoidance
	Postoperative Considerations

	Ventricular Access
	Frontal (Coronal) Approach
	Occipitoparietal Approach
	Technical Considerations
	Complications

	Ventriculoperitoneal Shunts
	Indications
	Specific Complications
	Operative Technique
	Cranial and Abdominal Exposure.
	Abdominal Access.
	Minilaparotomy.
	Laparoscopic-Assisted Method.
	Trocar Method.

	Subcutaneous Tunneling.
	Ventricular Access, Shunt Assembly and Testing, and Closure.


	Ventriculoatrial Shunts
	Indications
	Specific Complications
	Operative Technique
	Cranial and Cervical Exposure and Subcutaneous Tunneling.
	Venous Access.
	Percutaneous Approach.
	Open Approach.
	Catheter Position.

	Ventricular Access, Shunt Assembly and Testing, and Closure.


	Ventriculopleural Shunts
	Indications
	Specific Complications
	Operative Technique
	Cranial and Thoracic Exposure, Subcutaneous Tunneling, Ventricular Access, and Shunt Assembly and Testing.
	Pleural Access.
	Thoracotomy.
	Thoracoscopic-Assisted Method.
	Trocar Method.

	Closure.


	Ventriculosubgaleal Shunts
	Indications
	Specific Complications
	Operative Technique

	Ventricular Reservoirs
	Indications
	Specific Complications
	Operative Technique


	Outcomes of Ventricular Shunting
	Shunt Failure
	Quality of Life

	Conclusion
	Suggested Readings
	References


	Chapter 202
	202 Neuroendoscopy
	History
	Anatomic Considerations
	Indications
	Noncommunicating Hydrocephalus
	Endoscopic Third Ventriculostomy
	Endoscopic Aqueductoplasty
	Septostomy and Foraminoplasty

	Ventricular Tumors and Cysts
	Pineal Region Tumors
	Colloid Cysts
	Arachnoid Cysts
	Suprasellar Cysts
	Pineal Cysts

	Intraventricular and Intracerebral Hemorrhage

	Conclusion
	Suggested Readings
	References


	Chapter 203
	203 Cerebrospinal Fluid Devices
	History of Cerebrospinal Fluid Shunt Devices
	Cerebrospinal Fluid Shunt Hydrodynamics
	Pressure
	Flow and Resistance

	Siphoning
	Proximal and Distal Shunt Catheters
	Shunt Valves
	Differential-Pressure Valves
	Flow-Regulated Valves
	Antisiphon Devices
	Gravitational Valves
	Programmable Valves

	Ventricular Access Devices
	Valve Design Trials
	In Vivo Shunt Assessment
	Conclusion
	Suggested Readings
	References


	Chapter 204
	204 Management and Prevention of Shunt Infections
	Features of Shunt Infections
	Rates of Infection
	Timing of Shunt Infections
	Risk Factors

	Evaluating Infections
	Signs and Symptoms
	Diagnostic Imaging
	Laboratory Evaluation
	Causative Agents

	Treatment
	Surgical Intervention
	Antibiotic Therapy

	Outcomes of Infection and Treatment
	Preventive Measures
	Conclusion
	Suggested Readings
	References


	Chapter 205
	205 Genetics of Pediatric Brain Tumors
	Definitions
	Hemispheric Tumors
	Pediatric High-Grade Glioma
	Pediatric Glioblastoma
	Diffuse Intrinsic Pontine Glioma

	Pediatric Low-Grade Glioma
	Nondiffuse Low-Grade Glioma: Pilocytic Astrocytomas
	Diffuse Low-Grade Glioma


	Posterior Fossa
	Medulloblastoma
	Ependymoma
	Central Nervous System Primitive Neuroectodermal Tumors
	Atypical Teratoid Rhabdoid Tumors
	Germ Cell Tumors of the Central Nervous System

	Midline Tumors
	Craniopharyngioma
	Choroid Plexus Tumors
	Pineoblastoma
	Hemangioblastoma
	Desmoplastic Infantile Astrocytomas/Ganglioma
	Subependymal Giant Cell Astrocytomas
	Vestibular Schwannoma–Acoustic Neuroma

	Conclusion
	Suggested Readings
	References


	Chapter 206
	206 General Approaches and Considerations for Pediatric Brain Tumors

	Chapter 206z
	206 General Approaches and Considerations for Pediatric Brain Tumors
	Epidemiology
	Clinical Features
	Classification
	Oncogenic Factors
	Diagnostic Evaluation
	Treatment
	Preoperative Considerations
	Intraoperative Considerations
	Postoperative Considerations

	End of Therapy
	Suggested Readings
	References


	Chapter 207
	207 Optic Pathway Hypothalamic Gliomas
	Background
	Clinical Presentation
	Radiologic Imaging
	Screening of Patients WITH Neurofibromatosis Type 1
	Treatment
	Chemotherapy
	Radiotherapy
	Principles of Neurosurgery
	Management of Tumor-Related Hydrocephalus
	Tumor Biopsy
	Neurosurgery for Pure Optic Nerve Tumors (Anterior Intraorbital Portion)
	Treatment of Diffuse or Multifocal Optic Pathway Gliomas
	Neurosurgery to Debulk Chiasmatic or Hypothalamic Tumors
	Surgical Approach
	Neurosurgical Adjuncts and Advances


	Functional Outcome
	Conclusion
	Suggested Readings
	References


	Chapter 208
	208 Thalamic Tumors
	Abstract
	Surgical Anatomy of the Thalamus
	Incidence
	Growth Pattern
	Radiology
	Histopathology
	Classification Systems
	Clinical Presentation
	Surgical Approach
	Complications
	Mechanical Injury
	Venous Infarcts
	Diencephalic Amnesia
	Forniceal Damage
	Corpus Callosotomy
	Aseptic Meningitis

	Adjunct Treatments
	Prognostic Factors and Outcomes
	Case Examples
	Conclusion
	Suggested Readings
	References


	Chapter 209
	209 Choroid Plexus Tumors
	Epidemiology
	Pathology
	Gross Appearance
	Classification and Histopathology
	Immunohistochemistry
	Genetics and Molecular Biology
	Clinical Features
	Neuroimaging

	Treatment
	Management of Hydrocephalus
	Preoperative Considerations
	Operative Treatment
	Special Considerations in the Pediatric Population

	Choroid Plexus Carcinoma and Atypical Choroid Plexus Papillomas
	Surgical Considerations
	Adjuvant Therapy

	Outcomes
	Conclusion
	Suggested Readings
	References


	Chapter 210
	210 Pediatric Craniopharyngiomas
	Epidemiology
	Pathology
	Imaging
	Clinical Presentation
	Treatment
	Surgery
	Transcranial Approaches
	Surgical Outcomes.

	Transsphenoidal Approach

	Radiation Therapy
	Stereotactic Radiosurgery
	Intracavitary Therapy
	Aspiration
	Intracavitary Irradiation
	Intracavitary Bleomycin
	Intracavitary Interferon


	Recurrent Craniopharyngiomas
	Conclusion
	Suggested Readings
	References


	Chapter 211
	211 Pediatric Supratentorial Hemispheric Tumors
	Background
	Clinical Presentation
	Low-Grade Tumors
	Low-Grade Gliomas
	Glioneuronal Tumors

	High-Grade Tumors
	High-Grade Gliomas
	Ependymomas
	Primitive Neuroectodermal Tumors
	Atypical Teratoid/Rhabdoid Tumor

	Conclusion
	Suggested Readings
	References


	Chapter 212
	212 Ependymomas
	Clinical Overview
	Prognostic Factors
	Extent of Resection
	Histologic Grade and Molecular Classification
	Age at Diagnosis
	Location

	Pathology
	Hereditary Tumor Syndromes
	Cancer Genetics
	Stem Cell Biology
	Ependymoma Variants
	Neuroimaging
	Initial Surgery
	Surgery for Residual or Recurrent Tumor
	Surgical Technique
	Treatment of Hydrocephalus
	Radiotherapy
	Chemotherapy
	Conclusion
	Suggested Readings
	References


	Chapter 213
	213 Medulloblastomas
	Historical Perspective
	Epidemiology
	Pathology
	Gross
	Microscopic
	Histologic Subtypes

	Genetics and Molecular Subgroups of Medulloblastoma
	WNT Medulloblastoma
	Sonic Hedgehog Medulloblastoma
	Group 3 Medulloblastoma
	Group 4 Medulloblastoma
	Subgroup Diagnostic Algorithm

	Clinical Presentation
	Diagnostic Imaging
	Staging and Prognostic Factors
	Histologic Classification and Prognosis
	Prognosis Based on Molecular Phenotype

	Treatment
	Surgery
	Management of Hydrocephalus
	Surgical Resection Technique
	Postoperative Complications

	Radiation Therapy
	Historical Perspective
	Risk-Adapted Therapeutic Strategies
	Use of Conformal Boost Radiation and Proton Beam Radiation
	Delayed Radiation Strategies in Young Patients
	Side Effects and Late Toxicities of Radiation Therapy
	Molecular Subgroups and Risk-Adapted Therapy

	Chemotherapy
	Average-Risk Children
	High-Risk Children
	Infants and Young Children
	Adverse Effects of Chemotherapy


	Surveillance Imaging and Disease Prognosis
	Future Directions
	Suggested Readings
	References


	Chapter 214
	214 Cerebellar Astrocytomas
	Historical Perspective
	Molecular Biology and Etiology
	Pathology

	Patient Characteristics
	Epidemiology
	Clinical Findings

	Imaging Features
	Surgical and Perioperative Management
	Adjuvant Therapy

	Complications
	Risk of Recurrence
	Surveillance

	Quality of Life
	Conclusion
	Suggested Readings
	References


	Chapter 215
	215 Brainstem Gliomas
	History and Definition
	Epidemiology
	Signs and Symptoms
	Diffuse Intrinsic Pontine Glioma
	Tectal Glioma
	Focal Tumors
	Exophytic Tumors
	Cervicomedullary Tumors

	Diagnosis
	Computed Tomography
	Magnetic Resonance Imaging
	Biopsy

	Differential Diagnosis
	Pathobiology
	Treatment
	Surgery
	General Remarks
	Focal Tumors
	Dorsal Exophytic Tumors
	Cervicomedullary Tumors

	Radiation Therapy
	Chemotherapy
	Combination Therapy

	Prognosis and Outcomes
	Conclusion
	Suggested Readings
	References


	Chapter 216
	216 Intracranial Germ Cell Tumors
	Epidemiology and Classification
	Molecular Pathogenesis
	Presentation
	Diagnostic Evaluation
	Surgical Management
	Adjuvant Therapy
	Germinomas
	Nongerminomatous Germ Cell Tumors
	Mature Teratoma

	Conclusions
	Suggested Readings
	References


	Chapter 217
	217 Neurocutaneous Tumor Syndromes
	Type 1 Neurofibromatosis
	Epidemiology, Natural History, and Genetics
	Diagnosis
	Clinical Features and Management

	Type 2 Neurofibromatosis
	Epidemiology, Natural History, and Genetics
	Diagnosis and Screening
	Clinical Features and Management

	Tuberous Sclerosis Complex
	Epidemiology
	Genetics
	Diagnosis
	Central Nervous System Manifestations

	Von Hippel-Lindau Disease
	Genetics and Pathogenesis
	Diagnosis and Screening
	Clinical Manifestations

	Suggested Readings
	References


	Chapter 218
	218 Pediatric Intraventricular and Periventricular Tumors
	Epidemiology
	Pathology of Common Intraventricular Tumors
	Ependymomas
	Subependymal Giant Cell Astrocytomas
	Central Neurocytomas
	Low-Grade Gliomas
	Choroid Plexus Papillomas
	Meningiomas
	Epidermoid Cysts
	Craniopharyngiomas
	Pineoblastomas
	Pineocytomas
	Pineal Parenchymal Tumor of Intermediate Differentiation
	Teratomas
	Germ Cell Tumors
	Tectal Tumors Involving the Third Ventricle
	Medulloblastomas
	Uncommon Tumors

	Surgical Management
	Cerebrospinal Fluid Diversion
	Tumor Sampling
	Microsurgery for Tumors of the Lateral and Third Ventricles
	Approaches to the Frontal Horn, Foramen of Monro, and Body of the Lateral Ventricle
	Anterior Transcortical Approach.
	Anterior Interhemispheric Transcallosal Approach.

	Approaches to the Atrium and Temporal Horn of the Lateral Ventricles
	Posterior Interhemispheric Transcingular Approach.
	Transcortical Superior Parietal Lobule/Intraparietal Sulcus Approach.
	Transsylvian Approach to the Temporal Horn.
	Occipitotemporal Sulcus Approach.

	Approaches to the Anterior Third Ventricle
	Subfrontal Trans–Lamina Terminalis Approach.
	Interforniceal Approach.
	Transforaminal Approach.
	Transchoroidal Approach.

	Approaches to the Posterior Third Ventricle
	Posterior Interhemispheric Transsplenial Approach.
	Infratentorial Supracerebellar Approach.
	Occipital Transtentorial Approach.


	Endoscopic Surgery for Resection of Intraventricular Tumors
	Endoscopic Tumor Biopsy
	Endoscopic Septal Fenestration
	Endoscopic Tumor Removal
	Endoscopic Tumor Cyst Fenestration
	Complications Associated with Endoscopic Surgery


	Conclusion
	Suggested Readings
	References


	Chapter 219
	219 Skull Lesions in Children
	Inclusion Cysts
	Langerhans Cell Histiocytosis
	Fibrous Dysplasia
	Ossifying Fibromas
	Intraosseous Lipomas of the Skull
	Suggested Readings
	References


	Chapter 220
	220 Moyamoya Disease
	Epidemiology
	Associated Conditions
	Pathophysiology
	Clinical Findings
	Ischemic Symptoms
	Hemorrhage
	Headache and Other Symptoms

	Natural History and Prognosis
	Diagnosis
	Computed Tomography
	Magnetic Resonance Imaging
	Angiography
	Other Diagnostic Techniques

	Treatment
	Medical Therapy
	Surgery
	Anesthetic Management
	Perioperative Care

	Acute Symptoms
	Follow-up

	Conclusion
	Suggested Readings
	References


	Chapter 221
	221 Vein of Galen Aneurysmal Malformation
	Background and Classification
	Diseases Causing Dilation of the Vein of Galen
	Choroidal Vein of Galen Aneurysmal Malformation
	Mural Vein of Galen Aneurysmal Malformation

	Vein of Galen Aneurysmal Dilation
	Pial Arteriovenous Malformation with Vein of Galen Aneurysmal Dilation
	Dural Arteriovenous Malformation with Vein of Galen Aneurysmal Dilation

	Vein of Galen Varix

	Embryology
	Genetic Cause
	Angioarchitecture
	Clinical Manifestations
	Cardiac Failure
	Hydrodynamic Disorder
	Melting Brain Syndrome

	Treatment
	Indication for and Goal of Treatment
	Pretherapeutic Evaluation
	Endovascular Treatment
	Development of Dural Shunting
	Dural Sinus Occlusion and Endovascular Treatment
	Surgical Treatment
	Stereotactic Radiotherapy

	Treatment Results
	Follow-Up
	Conclusion
	Suggested Readings
	References


	Chapter 222
	222 Pediatric Cerebral Aneurysms

	Chapter 222z
	222 Pediatric Cerebral Aneurysms
	Pathophysiology of Pediatric Aneurysms
	Natural History and Demographics
	Location and Size of Pediatric Aneurysms
	Clinical Presentation
	Preoperative Studies
	Treatment
	Approaches to Pediatric Aneurysms
	Treatment Options
	Conservative Management
	Microsurgery
	Direct Clipping and Clip Reconstruction.
	Revascularization and Aneurysm Surgery.
	In situ Bypass.
	Excision, Aneurysmorrhaphy, and Direct Vessel Reconstruction.
	Aneurysmal Wrapping.
	Outcomes of Microsurgery.

	Endovascular Techniques
	Combined Microsurgery and Endovascular Treatment
	Microsurgery or Endovascular Therapy?


	Follow-Up Imaging Recommendations
	Conclusion
	Suggested Readings
	References


	Chapter 223
	223 Pediatric Arteriovenous Malformations

	Chapter 223z
	223 Pediatric Arteriovenous Malformations
	Pathology
	Presentation
	Location
	Natural History
	Mortality
	Diagnostic Decision-Making
	Therapeutic Decision Making
	Surgery
	Stereotactic Radiosurgery
	Embolization

	Multimodality Treatment
	Recurrence
	Special Considerations
	Conclusion
	Suggested Readings
	References


	Chapter 224
	224 Management of Head Injury
	Epidemiology
	Types of Head Injury
	Initial Evaluation
	Management of Traumatic Brain Injury
	Mild Traumatic Brain Injury
	Moderate and Severe Traumatic Brain Injury

	Surgical Indications and Preoperative Considerations
	Skull Fracture
	Placement of Intracranial Pressure Monitors and External Ventricular Drains
	Hematoma Evacuation
	Decompressive Craniectomy
	Cranioplasty

	Intensive Care Unit Management
	Physiology
	Medical Treatment of Intracranial Hypertension
	Hyperosmolar Therapy
	Hyperventilation
	Sedation and Paralysis
	Barbiturate Coma
	Seizures
	Temperature and Hypothermia

	Outcomes
	Conclusion
	Suggested Readings
	References


	Chapter 225
	225 Inflicted Trauma (Child Abuse)
	Evaluation of Child Abuse Syndromes
	Battered Child Syndrome
	Inflicted Head Injury
	Physical Abuse in Older Children

	Management of Head Injuries From Child Abuse
	Acute Subdural Hematoma
	Chronic Extracerebral Fluid Collection
	Ex Vacuo Cerebrospinal Fluid Collection

	Spinal Injury Caused by Child Abuse
	Outcome of Head Injuries From Child Abuse
	Medicolegal Considerations in Child Abuse
	Physician Responsibility and Liability
	The Physician as a Witness
	Preparing for Court Testimony
	Legal and Social Outcomes of Child Physical Abuse

	Prevention of Child Abuse
	Suggested Readings
	References


	Chapter 226
	226 Growing Skull Fractures
	History and Pathogenesis
	Epidemiology
	Evaluation
	Treatment
	Conclusion
	Suggested Readings
	References


	Chapter 227
	227 Neonatal Brain Injury
	Hypoxic Ischemia and Neonatal Encephalopathy
	Neonatal Seizures

	Intracranial Hemorrhage in Newborns
	Germinal Matrix and Intraventricular Hemorrhage of Prematurity
	Epidemiology
	Pathophysiology
	Presentation, Evaluation, and Treatment

	Traumatic Intracranial Hemorrhage in Newborns
	Epidemiology
	Pathophysiology
	Presentation, Evaluation, and Treatment


	Conclusion
	Suggested Readings
	References


	Chapter 228
	228 Birth Brachial Plexus Injury
	History
	Epidemiology
	Pathophysiology
	Natural History
	Patient Evaluation
	Neurological Examination
	Other Tests
	Timing of Surgery

	Surgical Treatment
	Exposure of the Brachial Plexus
	Resection of Neuromas
	Repair Procedures
	Complications
	Postoperative Care

	Surgical Outcomes
	Conclusion
	Suggested Readings
	References


	Chapter 229
	229 Myelomeningocele and Myelocystocele
	Myelomeningocele
	History
	Anatomy, Embryology, and Pathogenesis
	Cervical Myelomeningocele

	Epidemiology and Etiology
	Nutritional Deficiencies
	Antiepileptics and Other Risk Factors
	Associated Chromosomal Abnormalities

	Diagnosis
	Maternal Serum α-Fetoprotein
	High-Resolution Fetal Ultrasonography
	Magnetic Resonance Imaging
	Amniocentesis

	Prognosis and Prenatal Counseling
	Cognitive Development
	Motor Function
	Urinary and Fecal Continence
	Risk in Siblings

	Perinatal Management
	In Utero Repair
	Delivery
	Neurosurgical Evaluation
	Renal
	Plastic Surgery

	Surgery: Myelomeningocele Repair
	Timing
	Preparation and Positioning
	Hydrocephalus
	Operative Technique
	Large Defects
	Kyphosis
	Postoperative Management

	Complications and Long-Term Follow-up
	Early Complications
	Hydrocephalus
	Chiari II Malformation
	Tethered Spinal Cord
	Hydrosyringomyelia
	Orthopedics
	Latex Allergy
	Long-Term Follow-up


	Myelocystocele
	History
	Anatomy, Embryology, and Pathogenesis
	Epidemiology and Etiology
	Diagnosis
	Prognosis and Prenatal Counseling
	Perinatal Management
	Surgery: Myelocystocele Repair
	Timing
	Operative Technique

	Complications and Long-Term Follow-up

	Suggested Readings
	References


	Chapter 230
	230 Lipomyelomeningocele
	Definition/Classification
	Embryology
	Epidemiology
	Patient Presentation
	Cutaneous Signs
	Symptoms

	Evaluation
	Prenatal Diagnosis
	Ultrasonography
	Plain Radiographs
	Magnetic Resonance Imaging
	Computed Tomography
	Urodynamics

	Surgical Treatment
	Indications
	Operative Technique
	Intraoperative Electrophysiology
	Complications
	Outcomes

	Conclusion
	Acknowledgments
	Suggested Readings
	References


	Chapter 231
	231 Split Spinal Cord
	Epidemiology of Split Cord Malformations
	Embryogenesis
	Signs and Symptoms
	Imaging
	Surgical Management
	Outcomes
	Conclusion
	Suggested Readings
	References


	Chapter 232
	232 Tethered Spinal Cord
	Incidence and Epidemiology
	Embryologic Overview
	Imaging Considerations
	Fatty Filum Terminale
	Symptoms
	Treatment

	Meningocele Manqué
	Symptoms
	Treatment

	Dermal Sinus Tracts
	Symptoms
	Radiology and Treatment

	Conclusion
	Suggested Readings
	References


	Chapter 233
	233 Developmental Anomalies of the Craniovertebral Junction and Surgical Management
	Anatomy of the Craniovertebral Junction
	Bone-Ligament Complex
	Blood Supply
	Lymphatic Drainage

	Embryology and Development of Craniovertebral Junction Disorders
	Implications of Craniovertebral Abnormalities
	Biomechanics
	Biomechanical Comparison of Cervical Orthoses
	Classification of Craniovertebral Junction Abnormalities
	Epidemiology
	Clinical Presentation
	Neurodiagnostic Imaging
	Treatment
	Developmental Abnormalities Affecting the Craniovertebral Region
	Grisel’s Syndrome
	Down Syndrome
	Failures of Proatlas Segmentation or Manifestations of Occipital Vertebrae
	Assimilation of the Atlas and Klippel-Feil Syndrome
	Basilar Invagination

	Anomalies of the Odontoid Process
	Aplasia-Hypoplasia of the Dens
	Os Odontoideum
	Basilar Impression and Bone-Softening Syndrome
	Skeletal Dysplasias
	Mucopolysaccharidosis

	Suggested Readings
	References


	Chapter 234
	234 Achondroplasia and Other Dwarfisms
	Genetics and Epidemiology
	Medical Complications
	Evaluation and Diagnosis
	Cervicomedullary Compression
	Clinical Findings and Pathology
	Evaluation
	Indications for Surgery

	Hydrocephalus
	Clinical Findings and Pathology
	Evaluation
	Indications for Surgery

	Spinal Stenosis
	Clinical Findings and Pathology
	Evaluation
	Indications for Surgery


	Operative Management
	Cervicomedullary Compression
	Spinal Stenosis

	Outcome
	Craniocervical Decompression
	Spinal Decompression
	Spinal Restenosis in Achondroplasia

	Conclusion
	Suggested Readings
	References


	Chapter 235
	235 Surgical Management of the Pediatric Subaxial Cervical Spine
	Biomechanics
	Normal Kinematics
	Determinants of Stability
	Radiographic Instability

	Clinical Presentation of Subaxial Cervical Spine Disorders
	Common Pathologic Conditions
	Congenital Abnormalities
	Klippel-Feil Syndrome and Klippel-Feil Variant
	VATER/VACTERL

	Neoplastic and Other Acquired Conditions
	Epidemiology
	Diagnostic Imaging
	Eosinophilic Granuloma
	Osteoid Osteoma and Osteoblastoma
	Disc Herniations

	Treatment

	Management of Subaxial Cervical Spine Lesions
	Nonoperative Management
	External Orthoses

	Surgical Management
	Anterior Cervical Approach
	Approach.
	Implants.
	Disk Arthroplasty.
	Absorbable Plates.

	Cervical Anterolateral Approach
	Posterior Cervical Approach
	Approach.
	Implants.

	Bone Graft Materials
	Postoperative Follow-Up


	Suggested Readings
	References


	Chapter 236
	236 Intraspinal Tumors in Children
	Abstract
	Epidemiology
	Intramedullary Spinal Cord Tumors
	Intradural Extramedullary Tumors
	Extradural Tumors
	Spinal Column Tumors

	Pathology
	Intramedullary Spinal Cord Tumors
	Intradural Extramedullary Tumors
	Extradural Tumors
	Spinal Column Tumors

	Presentation
	Intramedullary Spinal Cord Tumors
	Intradural Extramedullary and Extradural Tumors
	Spinal Column Tumors

	Diagnostic Evaluation
	Intramedullary Spinal Cord Tumors
	Intradural Extramedullary Tumors
	Extradural Tumors
	Spinal Column Tumors
	Benign Tumors
	Malignant Tumors


	Treatment: Surgery
	Intramedullary Spinal Cord Tumors
	Intradural Extramedullary Tumors
	Extradural Tumors
	Spinal Column Tumors

	Complications
	Outcomes and Alternatives
	Outcome
	Intramedullary Spinal Cord Tumors
	Intradural Extramedullary Tumors
	Extradural Tumors
	Spinal Column Tumors
	Benign Tumors.
	Malignant Tumors.


	Alternative and Adjuvant Therapies: Radiation Therapy and Chemotherapy
	Intramedullary Spinal Cord Tumors
	Intradural Extramedullary Tumors
	Extradural Tumors
	Spinal Column Tumors
	Malignant Tumors


	Conclusion
	Suggested Readings
	References


	Chapter 237
	237 Introduction to Spinal Deformities in Children
	History and Physical Examination in Pediatric Spinal Deformities
	Radiographic Assessment of Pediatric Spinal Deformity
	Plain Films
	Magnetic Resonance Imaging
	Computed Tomography
	Ultrasonography

	Etiology and Classification of Pediatric Spinal Deformities
	Infantile Idiopathic Scoliosis
	Juvenile Idiopathic Scoliosis
	Adolescent Idiopathic Scoliosis
	Neuromuscular Scoliosis
	Congenital Scoliosis
	Scheuermann’s Kyphosis
	Treatment of the Growing Spine
	Spondylolysis and Spondylolisthesis
	Spondylolysis
	Spondylolisthesis


	Conclusion
	Suggested Readings
	References


	Chapter 238
	238 Thoracolumbar Spinal Disorders in Pediatric Patients
	Clinical Evaluation
	Imaging Evaluation
	Principles of Management
	Congenital Disorders
	Congenital Scoliosis
	Congenital Kyphosis
	Congenital Lordosis
	Congenital Stenosis
	Spinal Dysraphism
	Diastematomyelia
	Epidermoids, Dermoids, and Dermal Sinus Tracts
	Tethered Cord

	Neuromuscular Disorders
	Cerebral Palsy
	Neuromuscular Dystrophies and Myopathies
	Myelomeningocele
	Spinal Cord Injury and Paralytic Deformity

	Idiopathic Scoliosis
	Nonoperative Management
	Surgical Management
	Surgical Treatment by Lenke Curve Types
	Lenke 1: Single Thoracic Curve
	Lenke 2: Double Thoracic Curve
	Lenke 3: Double Major Curve
	Lenke 4: Triple Major Curve
	Lenke 5: Thoracolumbar/Lumbar Curve
	Lenke 6: Thoracolumbar-Lumbar/Main Thoracic Curve
	Surgical Fusion for Lenke Curves


	Conclusion
	Suggested Readings
	References


	Chapter 239
	239 Pediatric Vertebral Column and Spinal Cord Injuries
	Epidemiology
	Anatomic Considerations
	Cervical Pseudosubluxation

	Initial Management of a Child with a Spinal Injury
	History and Physical Examination
	Spinal Cord Injury Assessment Tools
	Immobilization

	Medical Management
	Steroids
	Induced Hypothermia
	Venous Thromboembolism

	Imaging
	Radiographs
	Computed Tomography
	Magnetic Resonance Imaging
	“Clearing” the Cervical Spine


	Cervical Spine Injuries
	Atlanto-Occipital Dislocation
	Diagnosis
	Treatment

	Atlantoaxial Rotatory Subluxation
	Diagnosis
	Treatment

	C1 Anterior Subluxation
	Diagnosis
	Treatment

	Fracture of the Odontoid Synchondrosis
	Diagnosis
	Treatment

	Fractures of the C2 Pars Interarticularis (Hangman’s Fracture)
	Diagnosis
	Treatment

	Subaxial Cervical Spine Injuries
	Teardrop Fractures
	Unilateral or Bilateral Locked Facets

	Spinal Cord Injury without Radiographic Abnormality
	Diagnosis
	Treatment

	Thoracolumbar Spinal Column Injuries
	General Considerations
	Compression Fractures
	Treatment

	Hyperflexion-Distraction Injuries and the Seat-Belt Syndrome
	Diagnosis
	Treatment

	Burst Fractures
	Treatment

	Fracture-Dislocation
	Vertebral End-Plate Fractures and Traumatic Disk Herniations

	Surgical Treatment of Spinal Column Injuries
	Timing of Surgery
	Surgery for Mechanically Unstable Injuries
	Cervical Spine Instrumentation
	Thoracolumbar Instrumentation

	Rehabilitation
	Future Directions
	Conclusion
	Suggested Readings
	References


	Chapter 240
	240 Pediatric Epilepsy Surgery
	Epilepsy and the Developing Brain
	Epilepsy Classification and Pediatric Epilepsies
	Presurgical Evaluation
	Surgical Approaches
	Stereo-Electroencephalography
	Bilateral Strip Electrodes
	Grid, Strip, and Depth Electrodes
	Single-Stage Lesionectomy and Focal Selective Laser Ablation
	Hemispherotomy
	Callosotomy
	Vagus Nerve Stimulation
	Responsive Neurostimulation

	Conclusion
	Suggested Readings
	References


	Chapter 241
	241 Clinical Features and Management of Cerebral Palsy
	Diagnosis and Classification
	Associated Impairments
	Neurodevelopmental Comorbid Conditions
	Vision
	Hearing
	Communication
	Epilepsy
	Cognitive/Behavioral

	Health Impairments
	Gastrointestinal and Nutrition
	Sleep
	Bladder


	Improving Mobility and Motor Function
	Physical and Occupational Therapy
	Management of Hypertonia and Spasticity in Cerebral Palsy
	Oral Medications
	Baclofen
	Tizanidine
	Diazepam
	Dantrolene Sodium
	Summary

	Focal Spasticity
	Botulinum Toxin
	Serial Casting
	Phenol and Alcohol

	Multisegmental and Generalized Spasticity
	Selective Dorsal Rhizotomy
	Intrathecal Baclofen

	Orthopedic Surgery
	Dystonia and Mixed Movement Disorders in Cerebral Palsy

	Conclusion
	Suggested Readings
	References


	Chapter 242
	242 Intrathecal Baclofen Therapy for Cerebral Palsy
	Patient Selection
	Screening Tests
	Pump and Catheter Implantation
	Dosing
	Outcomes
	Complications
	Approach to the Patient in Baclofen Overdose
	Approach to the Patient in Baclofen Withdrawal
	Conclusion
	Suggested Readings
	References


	Chapter 243
	243 Selective Dorsal Rhizotomy for Spastic Cerebral Palsy
	Key Words:
	Pathogenesis of Spastic Cerebral Palsy
	Deleterious Effects of Cerebral Palsy Spasticity
	Treatment of Spastic Cerebral Palsy
	Medical Treatment
	Stereotactic Intracranial Procedures
	Selective Dorsal Rhizotomy
	Indications
	Contraindications
	Preoperative Evaluation
	Surgical Considerations and Operative Technique
	General Anesthesia.
	Positioning.
	Localization of Conus Medullaris Through Skin.
	Localization of Conus Medullaris Through Interlaminar Space.
	Laminectomy.
	Dural Incision.
	Separation of Dorsal Roots from Ventral Roots.
	Identification of Individual Dorsal Roots.
	Electromyographic Examination and Sectioning of Dorsal Roots.
	Dural Closure.
	Placement of Epidural Catheter and Wound Closure.
	Postoperative Care.

	Postoperative Course and Complications
	Outcome
	Spasticity.
	Strength.
	Gross Motor Function.
	Gait.
	Orthopedic Surgery.
	Hip Deformities.
	Cognition and Language.
	Upper Limb Function.
	Bladder Function.



	Conclusion
	Suggested Readings
	References


	Section VIII

	Overview and Controversies
	Overview
	Controversies in Peripheral Nerve Surgery
	Diagnostic Methods
	Surgical Approaches
	Delay in Approach after Blunt Trauma
	Autograft versus Synthetics

	References


	Chapter 244
	244 Pathophysiology of Surgical Nerve Disorders
	Grading of Peripheral Nerve Injuries
	Mechanisms of Nerve Injuries
	Direct Nerve Injury (Trauma)
	Medium to High Energy
	Transection.
	Neuroma-in-Continuity (Stretch, Traction, and Contusion).
	Avulsion Injury.

	Low Energy
	Entrapment Neuropathies.
	Compartment Syndromes.
	Injection.


	Indirect Nerve Injury (Complex Nerve Injuries)
	Electrical
	Thermal
	Irradiation


	Neurobiology of Peripheral Nerve Injury
	Regenerative Response after Nerve Injury
	Initial Phase of Regeneration
	Role of Schwann Cells in Axonal Regeneration

	Experimental Paradigms and Assessment of Axonal Regeneration
	Neuronal Attrition and Misdirection after Nerve Injury
	Chronic Schwann Cell Denervation
	Chronic Neuronal Axotomy
	Misdirection of Regenerating Axons


	Pathophysiologic Basis of Surgical Management for Nerve Injuries
	Conclusion and Future Directions
	Acknowledgment
	Suggested Readings
	References


	Chapter 245
	245 Peripheral Nerve Examination, Evaluation, and Biopsy
	History
	Pain
	Sensory Loss
	Motor Deficit
	Risk Factors

	Physical Examination
	General
	Inspection
	Orthopedic Assessment
	Motor Examination
	Sensibility Testing
	Autonomic Testing
	Reflex Tests
	Peripheral Nerve Examination
	Diagnostic Confirmation

	Biopsy
	Conclusion
	Suggested Readings
	References


	Chapter 246
	246 Peripheral Neuropathies
	Anatomy and Physiology of Peripheral Nerves
	Clinical Evaluation of Peripheral Neuropathy
	Electrodiagnostic Evaluation
	Laboratory, Radiologic, and Other Studies in Peripheral Neuropathy
	Common Neuropathies: Metabolic
	Diabetic and Metabolic Peripheral Neuropathy
	Chronic Renal Failure

	Common Neuropathies: Immune Mediated
	Acute Inflammatory Demyelinating Polyneuropathy
	Chronic Inflammatory Demyelinating Polyradiculoneuropathy
	Chronic Inflammatory Demyelinating Polyradiculoneuropathy Variants
	Plasma Cell Dyscrasias and Monoclonal Gammopathy of Uncertain Significance
	Neuropathies of Vasculitis

	Common Neuropathies: Hereditary
	Charcot-Marie-Tooth Disease (Hereditary Motor Sensory Neuropathy)
	Other Inherited Neuropathies

	Common Neuropathies: Infectious
	Common Neuropathies: Environmental and Toxic
	Vitamin and Mineral Deficiencies
	Toxic Neuropathies

	Common Neuropathies: Critical Illness
	Skin and Peripheral Nerve Biopsy
	Conclusion
	Acknowledgments
	Suggested Readings
	References


	Chapter 247
	247 Monitoring of Neural Function
	Electromyography
	Nerve Conduction Velocity
	Other Peripheral Neurodiagnostics
	Combined Central and Peripheral Tests
	Common Clinical Disorders
	Surgical Applications
	General Use of Intraoperative Neurodiagnostic Monitoring
	Suggested Readings
	References


	Chapter 248
	248 Imaging for Peripheral Nerve Disorders
	Technical Aspects of Magnetic Resonance Neurography
	Diffusion-Based Tractographic Techniques
	T2-Based Neurography
	The Physiologic Foundation of T2-Based Neurography

	Optimizing Performance of the Main Magnet of Magnetic Resonance Imaging
	Spatial Resolution and Signal-to-Noise Performance
	Phased-Array Coils
	Intravenous Gadolinium Contrast Agent
	Image Plane Orientation
	Nerve Image Reconstruction, Three-Dimensional Reconstruction, and Partial Volume Averaging
	Conspicuity and Maximum Intensity Projection Images
	Dynamic Three-Dimensional Analysis

	Classes of Image Findings
	Imaging in the Setting of Nerve Entrapment and Pain
	Image Findings in Brachial Plexus Studies
	Thoracic Outlet Syndromes
	Brachial Plexus Neuritis
	Lumbar Foraminal Pathology

	Magnetic Resonance Neurography in the Pelvis
	Distal Entrapments
	Nerve Adhesions
	Reflex Sympathetic Dystrophy


	Nerve Trauma
	Obstetric Injury to the Brachial Plexus
	Follow-up of Nerve-Grafting Procedures

	Nerve Tumors
	Magnetic Resonance Findings in Systemic Neuropathies
	Diagnosis of Diseases Affecting Muscle
	Imaging of Denervated Muscle
	Muscle Magnetic Resonance Imaging in the Setting of Nerve Injury
	Myopathic and Neuropathic Effects on Muscle Image Patterns

	Conclusion
	Suggested Readings
	References


	Chapter 249
	249 Distal Entrapment Syndromes
	Median Nerve
	Anatomy
	Clinical Findings
	Diagnostic Evaluation
	Conservative Treatment
	Surgical Techniques
	Open Technique
	Endoscopic Techniques


	Ulnar Nerve
	Anatomy
	Clinical Findings
	Diagnostic Evaluation
	Conservative Treatment
	Operative Treatment

	Common Peroneal Nerve
	Anatomy
	Clinical Findings
	Diagnostic Evaluation
	Conservative Treatment
	Operative Treatment

	Posterior Tibial Nerve
	Anatomy
	Clinical Findings
	Diagnostic Evaluation
	Conservative Treatment
	Surgical Treatment

	Double Crush Syndrome
	Acknowledgment
	Suggested Readings
	References


	Chapter 250
	250 Brachial Plexus Nerve Entrapments and Thoracic Outlet Syndromes
	Subcategorization in the Definition of Thoracic Outlet Syndrome
	Neurogenic, Vascular, and Nonspecific Thoracic Outlet Syndrome
	Brachial Plexus Nerve Entrapment Syndromes
	Clinical Presentation
	Physical Examination Findings

	Diagnostic Imaging in Thoracic Outlet Syndrome
	Scalene Syndrome and Other Proximal Entrapments
	Entrapments in the Midplexus
	Involvement of the Axillary Nerve and Distal Plexus
	Imaging Diagnosis of Plexitis
	Summary of Diagnostic Imaging Approaches

	Image-Guided Injections of the Scalene Muscles and Distal Plexus
	Neuroplasty Surgery for Thoracic Outlet Syndromes
	Neuroplasty Approaches
	Procedure for Supraclavicular Approach
	Procedure for Transaxillary Approach for Neuroplasty of the Distal Plexus and Axillary Nerve
	First Rib Resection


	Image Diagnosis and Surgical Outcomes
	Outcome Studies Review

	Conclusion
	Suggested Readings
	References


	Chapter 251
	251 Piriformis Syndrome, Obturator Internus Syndrome, Pudendal Nerve Entrapment, and Other Pelvic Entrapments
	Diagnosis and Management of Pelvic Sciatic Syndromes
	Physical Examination Findings in Pelvic Sciatic Nerve Entrapment Syndromes
	Neurography Results for Sciatica of Non-Disk Origin
	Open Magnetic Resonance Imaging–Guided Injections for Piriformis Syndrome
	Minimal Access Surgery for Pelvic Entrapment of the Sciatic Nerve

	Diagnosis and Management of Pudendal Syndromes
	Entrapments of the Pudendal Nerve and the Nerve to the Obturator Internus
	Presentation
	Physical Examination Findings
	Management with Open MRI–Guided Injections
	Surgical Management of Pudendal Nerve Entrapment

	The Anterior Pelvis: Ilioinguinal, Femoral, Obturator, and Lateral Femoral Cutaneous Nerves
	Suggested Readings
	References


	Chapter 252
	252 Techniques in Nerve Reconstruction and Repair
	Functional Anatomy
	Pathologic Principles and Surgical Indications
	General Consideration for Surgery and Operative Principles
	Nerve Repair Technique
	Epineurial Repair
	Fascicular Repair
	Grouped Fascicular Repair
	End-to-Side Repair
	Nerve Autograft Repair
	Nerve Graft Harvesting Techniques
	Nerve Tube Repair

	Postoperative Care
	Envisioning of Prospects for How to Improve Results of Nerve Repair
	Conclusion
	Suggested Readings
	References


	Chapter 253
	253 Nerve Transfers
	Intercostal Transfer
	Spinal Accessory Transfer
	Contralateral C7 Transfer
	Other Commonly Used Transfers
	Conclusion
	Suggested Readings
	References


	Chapter 254
	254 Management of Acute Peripheral Nerve Injuries
	Classification of Acute Nerve Injuries
	Pathophysiology of Nerve Injuries
	Management of Acute Nerve Injuries According to the Biomechanical Classification
	Overall Approach to Management of Acute Nerve Injuries
	Management of Type A Injuries
	Transection
	Stretch, Traction, and Contusion with or without Lesion-in-Continuity
	Avulsion
	Compartment Syndromes

	Management of Type C Acute Nerve Injuries
	Electrical Nerve Injuries
	Thermal Injuries
	Irradiation Injuries
	Injection Injuries

	Approach to Intraoperative Management of Acute Nerve Injuries: Microsurgery
	Intraoperative Nerve Action Potential


	Conclusion
	Suggested Readings
	References


	Chapter 255
	255 Early Management of Brachial Plexus Injuries
	Anatomy
	Pathophysiology and Classification
	Adult Brachial Plexus Injuries
	Clinical Assessment
	Associated Injuries
	Preoperative Ancillary Investigations
	Therapy/Management
	Surgical Exposures
	Supraclavicular Exposure.
	Infraclavicular Exposure.
	Posterior Exposure.

	Surgery in Brachial Plexus Repair
	Nerve Grafting.
	Nerve Transfer.
	Shoulder Function
	Spinal Accessory Nerve.
	Triceps Nerve Branch.

	Elbow Flexion
	Intercostal Nerve.
	Fascicles of the Ulnar and Median Nerve.
	Contralateral C7.


	Novel Nerve Transfer Techniques

	Clinical Outcome of Brachial Plexus Surgery in Adults

	Birth-Related Injuries of the Brachial Plexus
	Timing of and Selection for Surgery
	Clinical Outcome after Nerve Surgical Treatment of Birth-Related Brachial Plexus Injury
	Shoulder Function
	Elbow Flexion
	Hand Function

	Suggested Readings
	References


	Chapter 256
	256 Secondary Procedures for Brachial Plexus Injuries
	Tendon Transfer
	General Principles
	Tissue Equilibrium
	Pain Control
	Availability
	Muscle Strength
	Excursion
	Direction
	Synergy
	Tension

	Tendon Transfer for Shoulder Function
	Transfer of the Trapezius
	Latissimus Dorsi and Teres Major Transfer

	Tendon Transfer for Elbow Flexion
	Steindler Procedure
	Pectoralis Major Transfer
	Latissimus Dorsi Transfer

	Tendon Transfer for Elbow Extension
	Tendon Transfer for Wrist Stabilization
	Tendon Transfer for the Hand

	Functioning Free Muscle Transfer
	Functioning Free Muscle Transfer for Elbow Function
	Functioning Free Muscle Transfer for Prehensile Function
	Double Functioning Free Muscle Transfer

	Arthrodesis
	Tenodesis
	Corrective Osteotomy
	Amputation/Prostheses
	Rehabilitation
	Cortical Reorganization and Training
	Muscle Stimulation
	Splinting

	Pain Management
	Conclusion
	Suggested Readings
	References


	Chapter 257
	257 Nerve Injuries of the Lower Extremity
	Epidemiology
	Lumbosacral Plexus Injuries
	Obturator Nerve
	Femoral Nerve
	Surgery
	Results

	Lateral Femoral Cutaneous Nerve
	Sciatic Nerve and Other Nerves of the Posterior Pelvis
	Surgery
	Results

	Peroneal Nerve
	Surgery
	Results

	Posterior Tibial Nerve
	Surgery
	Results


	Conclusion
	Acknowledgments
	Suggested Readings
	References


	Chapter 258
	258 Benign and Malignant Tumors of the Peripheral Nerve
	Benign Tumors of Neural Sheath Origin
	Schwannoma
	Surgical Approach

	Neurofibroma
	Surgical Approach
	Surgical Outcome


	Benign Tumors of Non–Neural Sheath Origin
	Desmoid Tumors
	Ganglion Cysts
	Myoblastoma or Granular Cell Tumor
	Lymphangiomas
	Lipomas
	Meningiomas
	Localized Hypertrophic Neuropathy (Onion Whorl Disease)
	Radiation-Induced Brachial Plexus Lesions (Actinic Plexitis)

	Malignant Peripheral Nerve Sheath Tumors
	Epidemiology and Risk Factors
	Diagnosis
	Imaging
	Treatment
	Radiotherapy
	Chemotherapy
	Pathology
	Prognosis

	Suggested Readings
	References


	Chapter 259
	259 Pain, Complications, and Iatrogenic Injury in Nerve Surgery
	Pain and Peripheral Nerve Injury
	Complications and Their Avoidance in Peripheral Nerve Surgery
	Iatrogenic Peripheral Nerve Injuries
	Iatrogenic Injury Secondary to Patient Positioning and Preparation
	Iatrogenic Injury during Procedures or Surgery on Nonneural Tissues
	Iatrogenic Injury of Peripheral Nerves during Spine Surgery
	Iatrogenic Injury during Peripheral Nerve Surgery

	Conclusion
	Suggested Readings
	References


	Chapter 260
	260 Neuroelectronic Systems
	Patient Population
	Targeted Muscle Reinnervation
	Surgery

	Bionic Reconstruction
	Surgery
	Intermediate Rehabilitation

	Postoperative Rehabilitation
	Alternative Neuroelectronic Techniques
	Conclusion
	Suggested Readings
	References


	Chapter 261
	261 General and Historical Considerations of Radiotherapy and Radiosurgery
	The Beginning
	The Search for Energy and Penetration
	The Organization of Clinical Investigation and Practice
	Emergence of Radiobiology and Limitation of Radiation Injury
	Imaging and Targeting
	Computational Advances
	Robotic Positioning and Automated Collimation
	Brachytherapy
	Stereotactic Radiosurgery
	Intensity-Modulated Radiotherapy and Volumetric Modulated Arc Therapy
	Particulate and Other Novel Radiation Systems
	Exporting Radiosurgery From Brain to Body
	Conclusion
	Suggested Readings
	References


	Chapter 262
	262 Radiobiology of Radiotherapy and Radiosurgery
	Basic Principles of Radiation Therapy
	Types of Therapeutic Radiation
	X-Rays: External Beam Radiation Therapy
	Gamma Rays: Gamma Knife Radiosurgery
	Heavy-Ion Particles: Protons
	Electrons

	Linear Energy Transfer and Relative Biologic Effectiveness

	Direct and Indirect Effects of Radiation
	Effects of Ionizing Radiation
	Time Scale
	Cellular and Subcellular Effects
	Early and Late Effects of Radiation in Normal Tissue
	Functional Organization of Tissue

	Therapeutic Ratio
	Models of Cell Survival
	Conventional Radiation
	Target Theory
	Linear Quadratic Theory
	Brain Stereotactic Radiosurgery

	Classical Descriptions of DNA Damage Repair
	Fractionation

	The 5 Rs of Radiobiology
	Repair: Basic Molecular Mechanisms of DNA Damage and Repair
	Single-Stranded and Double-Stranded Break Repair
	Chromosomal Alterations

	Cell Cycle and Redistribution
	Cell Cycle
	Redistribution

	Reoxygenation
	Repopulation
	Radiosensitivity

	Radiobiologic Considerations for Different Radiation Techniques
	Three-Dimensional Conformal Radiation Therapy
	Intensity-Modulated Radiotherapy and Arc Therapy
	Image-Guided Radiotherapy
	Stereotactic Radiosurgery and Stereotactic Radiotherapy

	Conclusion
	Suggested Readings
	References


	Chapter 263
	263 Radiation Therapy Technique
	Radiation Modalities
	Two- and Three-Dimensional Techniques
	Conventionally Fractionated Radiotherapy
	Whole-Brain Radiotherapy versus Partial-Brain Radiotherapy
	Intensity-Modulated Radiotherapy
	Stereotactic and Image-Guided Radiotherapy
	Stereotactic Radiosurgery
	Hypofractionated Stereotactic Radiotherapy
	Charged Particle Therapy
	Brachytherapy
	Suggested Readings
	References


	Chapter 264
	264 Radiosurgery Technique
	History of Radiosurgery
	Types of Ionizing Radiation
	Electromagnetic Radiation
	Particle Radiation

	The Radiosurgical Devices
	Gamma Knife
	Linear Accelerator–Based Radiosurgery
	Proton Radiosurgery
	Summary

	The Gamma Knife Radiosurgical Procedure
	Stereotactic Frame Placement
	Frame Adaptor and Frame Cap Fitting Check
	Stereotactic Brain Imaging with Magnetic Resonance Imaging, Computed Tomography, Angiography, or Any Combination of these Modalities
	Coregistration of Images
	Treatment Planning
	Dose Prescription
	Dose Limitations to Critical Structures: Value of Shielding and Plugging Technique
	Stereotactic Delivery of Radiation to the Target Volume Inside the Collimator System
	Removal of the Stereotactic Guiding Device

	The LINAC-Based Radiosurgical Procedure
	Immobilizing the Target of Radiation
	Dosimetry; Prescribing to a Target Volume
	Methods of Conformality in Available in LINAC Devices
	Frameless Radiosurgery and the Spine

	Proton Beam Radiosurgery
	Conclusion
	Suggested Readings
	References


	Chapter 265
	265 Fractionated Radiotherapy for Brain Tumors
	Radiobiology
	Radiation Delivery: Technical Issues
	Treatment Setup
	Three-Dimensional Planning and Treatment
	Conventional External-Beam Radiotherapy
	Fractionated Stereotactic Radiotherapy
	Charged Particles

	Clinical Applications
	Brain Metastases
	Medical Management
	Radiotherapy Fractionation Trials
	Dose-Response Relationship
	Prognostic Factor Analysis
	Role of Adjuvant Whole-Brain Radiotherapy
	Radiation Sensitizers
	Side Effects of Whole-Brain Radiotherapy
	Prophylactic Cranial Irradiation
	Reirradiation of Brain Metastases
	Future Directions

	Primary Central Nervous System Neoplasms
	Gliomas
	Glioblastomas
	Utility of Radiation Therapy.
	Radiation Target Volume
	Recurrence Patterns.
	Radiation Dose
	Chemotherapy.
	Sensitizer Trials.
	Particle-Beam Radiotherapy.
	Prognostic Factor Analysis.

	Anaplastic (WHO Grade III) Gliomas
	Low-Grade Gliomas

	Meningiomas
	Benign Meningiomas
	Optic Nerve Sheath Meningiomas.

	Atypical (WHO Grade II) Meningiomas
	Malignant (WHO Grade III) Meningiomas
	Hemangiopericytomas
	Recurrent Meningiomas

	Intracranial Schwannomas
	Primary Central Nervous System Lymphomas
	Pituitary Adenomas
	Prolactinomas
	Cushing’s Disease
	Nelson’s Syndrome
	Acromegaly
	Nonfunctioning Adenomas

	Primitive Neuroectodermal Tumors
	Germ Cell Neoplasms
	Craniopharyngiomas
	Chordomas
	Chondrosarcomas
	Complications

	Suggested Readings
	References


	Chapter 266
	266 Fractionated Radiotherapy for Spine Tumors
	Radiation Tolerance of the Spinal Cord
	Radiotherapy Techniques
	Intramedullary Tumors
	Astrocytoma
	Radiotherapy Dose and Techniques

	Ependymoma
	Radiotherapy Dose and Techniques


	Extramedullary Tumors
	Meningioma
	Nerve Sheath Tumor

	Extradural Tumors
	Tumors of the Vertebral Column: Metastatic
	Treatment: Cord Compression
	Treatment: Uncomplicated Bone Metastases
	Treatment: Retreatment after Prior Radiotherapy
	Radiation Dose and Volumes

	Tumors of the Vertebral Column: Primary
	Chordoma
	Radiotherapy Dose and Techniques.

	Chondrosarcoma
	Radiotherapy Dose and Techniques.

	Osteosarcoma
	Ewing’s Sarcoma
	Radiotherapy Dose and Techniques.



	Conclusion
	Suggested Readings
	References


	Chapter 267
	267 Radiosurgery for Malignant Intracranial Tumors
	Radiosurgery for Brain Metastases
	Whole-Brain Radiation Therapy versus Stereotactic Radiosurgery Alone
	Clinical Outcomes of Stereotactic Radiosurgery Alone
	Tumor Control
	Overall Survival
	New Distant Lesions
	Prevention of Neurological Death and Preservation of Neurological Function
	Untoward Effects

	Level I Evidence of Stereotactic Radiosurgery Efficacy for Brain Metastases
	Level II Evidence for Stereotactic Radiosurgery Alone
	Indications for Stereotactic Radiosurgery Alone Based on Retrospective Studies
	Tumor Size
	Karnofsky Performance Scale Score of 70 or Better
	Leptomeningeal Disseminations
	Total Tumor Volume
	Tumor Number

	Summary of Radiosurgery for Brain Metastases

	Radiosurgery for Primary Malignant Tumors
	Glioblastomas and Anaplastic Gliomas
	Brainstem Glioma
	Ependymoma
	Medulloblastoma

	Complications
	Summary of Radiosurgery for Primary Malignant Tumors
	Suggested Readings
	Brain metastases
	Primary malignant tumors

	References


	Chapter 268
	268 Radiosurgery for Benign Intracranial Tumors
	History
	Definition
	Radiobiology
	Topologic Differential Effect
	Long-Term Complications
	Vestibular Schwannomas
	Comparison with Microsurgery
	Efficacy of Radiosurgery
	Hearing Preservation
	Facial Nerve Preservation
	Large Vestibular Schwannomas: Combined Microsurgical and Radiosurgical Treatment
	Neurofibromatosis Type 2

	Meningiomas
	Rationale for Radiosurgery
	Patient Selection
	Technical Considerations
	Results
	Histopathology
	Clinical Evaluation
	Tumor Response

	Tumor Control
	Functional Outcome
	Special Situations
	Large Tumors
	Histology


	Pituitary Tumors
	Acromegaly (Growth Hormone–Secreting Pituitary Adenoma)
	Cushing’s Disease
	Prolactinomas
	Antitumor Effect
	Hypopituitarism
	Optic Nerve Neuropathy
	Other Potential Adverse Effects
	Conventional Radiotherapy
	Conclusion

	Other Benign Tumors
	Nonvestibular Schwannomas
	Craniopharyngiomas
	Gliomas
	Hemangioblastomas
	Glomus Tumors

	Future Indications
	Conclusion
	Suggested Readings
	References


	Chapter 269
	269 Radiosurgery of Intracranial Vascular Malformations
	Arteriovenous Malformations
	Natural History
	Arteriovenous Malformation Management
	Patient Selection
	Technique of Arteriovenous Malformation Radiosurgery
	Arteriovenous Malformation Obliteration after Radiosurgery
	Arteriovenous Malformation Bleeding after Radiosurgery
	Radiation-Related Complications after Arteriovenous Malformation Radiosurgery
	Repeat Arteriovenous Malformation Radiosurgery
	Radiosurgery of Large Intracranial Arteriovenous Malformations
	The Radiosurgery-Based Arteriovenous Malformation Grading System

	Dural Arteriovenous Fistulas
	Pathogenesis
	Presentation and Natural History
	Management of Intracranial Dural Arteriovenous Fistulas
	Radiosurgery of Dural Arteriovenous Fistulas
	Technique of Dural Arteriovenous Fistula Radiosurgery
	Results of Dural Arteriovenous Fistula Radiosurgery


	Cavernous Malformations
	Rationale for Cavernous Malformation Radiosurgery
	Effect of Radiosurgery on Cavernous Malformation Hemorrhage Rate
	Cavernous Malformation Radiosurgery: Seizure Protection
	Morbidity after Cavernous Malformation Radiosurgery
	Critical Considerations Regarding Cavernous Malformation Radiosurgery
	Radiosurgery in the Current Management of Cavernous Malformations

	Suggested Readings
	References


	Chapter 270
	270 Radiosurgery for Functional Disorders
	Trigeminal Neuralgia
	Movement Disorders
	Pain Disorders
	Psychiatric Disorders
	Epilepsy
	Suggested Readings
	References


	Chapter 271
	271 Radiosurgery for Malignant Spine Tumors
	Limitations of Conventional External Beam Radiation Therapy
	The Development of Spine Radiosurgery Technique
	Outcomes of Spine Radiosurgery
	Radiosurgery as Neoadjuvant and Definitive Therapy
	Radiosurgery as a Postsurgical Adjuvant Treatment
	Radiosurgery in the Setting of Reirradiation
	Radiosurgery Combined With Percutaneous and Minimally Invasive Techniques
	Radiosurgery for High-Grade Spinal Cord Compression
	Complications of Spine Radiosurgery
	Conclusion
	Suggested Readings
	References


	Chapter 272
	272 Radiosurgery for Benign Spine Tumors and Vascular Malformations
	Arteriovenous Malformations
	Spinal Hemangioblastomas
	Intradural-Extramedullary Tumors, Meningiomas, and Nerve Sheath Tumors
	Conclusion
	Suggested Readings
	References


	Section X

	Overview and Controversies
	Overview
	Controversies and Unresolved Questions
	References


	Chapter 273
	273 Spinal Anatomy
	Osseous Anatomy
	General Features
	Atlantoaxial Spine and Craniospinal Articulation
	Subaxial Cervical Spine
	Thoracic Spine

	Lumbar Spine
	Sacrum

	Further Ligamentous Anatomy
	Nervous Anatomy: the Spinal Cord and Spinal Nerves
	Gross Anatomy and Spinal Nerves
	Selected Gray Matter Nuclei and Rexed Laminae
	Spinal Cord Tracts


	Vascular Anatomy
	Vertebral Arteries
	Arterial Supply
	Venous Drainage

	Suggested Readings
	References


	Chapter 274
	274 Assessment of Spinal Imaging
	Imaging Modalities
	Magnetic Resonance Imaging
	Advances in Magnetic Resonance Imaging of the Spine
	Diffusion-Weighted Imaging
	Diffusion Tensor Imaging
	Perfusion
	Susceptibility-Weighted Imaging
	Functional Magnetic Resonance Imaging
	Phase Contrast
	Spectroscopy
	Evaluation of Disk Degeneration
	Angiography

	Computed Tomography
	Plain Radiographs
	Myelography
	Nuclear Scans
	Ultrasonography

	Clinical Considerations
	Evaluation of Back Pain
	Postoperative Imaging
	Spinal Deformity

	Conclusion
	Suggested Readings
	References


	Chapter 275
	275 Spinal Biomechanics and Basics of Spinal Instrumentation
	Anatomy and Physiology
	Normal Anatomy
	Degenerative Pathophysiology
	Iatrogenic Causes of Spinal Instability

	Energy Transfer and Pain
	Spinal Alignment and Pelvic Parameters
	Radiographic Evaluation
	Spinal Alignment Parameters
	Pelvic Parameters

	Kinematics and Kinetics
	Implant Properties
	Understanding the Difference between Implant Stiffness and Strength
	Importance of Implant Material and Other Factors
	Importance of Patient Characteristics
	Importance of Construct Demands
	Other Clinical Considerations
	Motion Preservation Devices

	Conclusion
	Suggested Readings
	References


	Chapter 276
	276 Disk Degeneration and Regeneration
	Intervertebral Disk Anatomy
	Nucleus Pulposus
	Anulus Fibrosus
	Intervertebral End Plates

	Intervertebral Disk Degeneration
	Epidemiology
	Etiology
	Pathogenesis

	Regeneration
	Tissue Engineering
	Molecular Therapy
	Cell Therapy
	Scaffolds

	Gene Therapy

	Conclusion
	Suggested Readings
	References


	Chapter 277
	277 Pathophysiology and Treatment of Spinal Cord Injury
	Epidemiology of Spinal Cord Injury
	Phases of Spinal Cord Injury
	Primary Spinal Cord Injury
	Secondary Spinal Cord Injury
	Cell Death and Apoptosis
	Spinal Cord Ischemia
	Excitotoxicity and Ionic Dysregulation
	Mitochondrial Dysfunction
	Free Radicals and Lipid Peroxidation
	Neuroinflammation

	Barriers to Regeneration
	Limited Regenerative Capacity of Central Axons
	Myelin and Extracellular Matrix Inhibitors
	Fibrous and Glial Scarring
	Stem and Progenitor Cells

	Classifying Spinal Cord Injury
	Secondary Insults and the Current Clinical Approach to Acute Spinal Cord Injury
	Secondary Insults and the Importance of Avoiding Them
	Neurogenic Shock and Spinal Shock
	Timing of Spinal Cord Decompression
	Methylprednisolone

	Toward the Next Generation of Trials for Spinal Cord Injury
	Ongoing or Newly Completed Trials for Spinal Cord Injury
	Cerebrospinal Fluid Drainage
	Oscillating Field Stimulation
	Hypothermia
	Minocycline
	Riluzole
	Magnesium/Polyethylene Glycol

	Targeting Myelin-Associated Inhibitors of Regeneration
	ATI355
	Cethrin
	Fibroblast Growth Factor Analog
	Granulocyte Colony-Stimulating Factor

	Cellular Transplantation Therapies
	Activated Autologous Macrophages
	Schwann Cells
	Olfactory Ensheathing Cells
	Bone Marrow Stromal Cells
	Neural Stem Cells

	Conclusion
	Suggested Readings
	References


	Chapter 278
	278 Electrophysiologic Studies and Monitoring
	Evidence for Neuromonitoring
	Somatosensory Evoked Potentials
	Motor Evoked Potentials
	Muscle MEPs
	Direct Waves

	Electromyography
	Lateral Monitoring

	Anesthetic Considerations and Troubleshooting
	Conclusion
	Suggested Readings
	References


	Chapter 279
	279 Bone Metabolism and Osteoporosis
	Bone Biology
	Peak Bone Density
	Normal Calcium Regulation
	Role of the Kidney and Gastrointestinal Tract in Calcium Homeostasis
	Vitamin D Metabolism
	Parathyroid Hormone
	Diagnosis of Osteoporosis
	Incidence of and Screening for Osteoporosis

	Prevention and Treatment
	Nonpharmacologic Modalities
	Physical Activity
	Lifestyle Changes
	Fall Prevention
	Nutrition

	Pharmacologic Modalities
	Bisphosphonates
	Calcitonin
	Monoclonal Antibodies


	Surgical Implications and Considerations
	Preoperative Testing
	Diagnostic Work-Up
	Therapeutic Goals of Perioperative Treatment

	Treatment Duration and Follow-Up
	Suggested Readings
	References


	Chapter 280
	280 Differential Diagnosis of Spinal Disease
	Pain
	Pain Associated with Fever and Weight Loss
	Vertebral Osteomyelitis
	Spinal Epidural Abscess
	Discitis
	Granulomatous Infection

	Pain Associated with Recumbency and Nighttime
	Axial Skeleton
	Benign Axial Skeleton Tumors.
	Malignant Tumors of the Axial Skeleton.

	Spinal Cord Tumors
	Extramedullary Spinal Cord Tumors.
	Intramedullary Spinal Cord Tumors.


	Pain Associated with Morning Stiffness
	Rheumatoid Arthritis
	Ankylosing Spondylitis
	Other Rheumatic Disorders

	Mechanical Pain
	Herniated Nucleus Pulposus
	Spinal Stenosis
	Spondylolisthesis and Spondylolysis
	Scoliosis, Kyphosis, and Lordosis

	Acute Localized Pain
	Metabolic Disorders


	Neurological Deficit
	Acute Paresis or Paralysis
	Spinal Cord Infarction
	Spontaneous Spinal Hemorrhage

	Subacute, Progressive Neurological Deficit
	Infectious Myelitis
	Viral Myelitis.
	Bacterial, Fungal, and Parasitic Myelitis.

	Noninfectious Inflammatory Myelitis

	Chronic, Progressive Neurological Deficit
	Congenital Malformation
	Neuronal Degenerative Diseases


	Regional Causes of Pain
	Musculoskeletal Disorders
	Shoulder
	Hip
	Knee
	Myofascial Trigger Point Pain

	Disorders of the Peripheral Nerves
	Thoracic Outlet Syndrome
	Suprascapular Nerve Impingement
	Axillary Nerve Compression
	Carpal Tunnel Syndrome
	Ulnar Entrapment Neuropathy at the Elbow
	Piriform Syndrome
	Peroneal Nerve Palsy
	Tarsal Tunnel Syndrome
	Parsonage-Turner Syndrome
	Motoneuron Syndromes
	Psychogenic Pain


	Acknowledgment
	Suggested Readings
	References


	Chapter 281
	281 Nonsurgical and Postsurgical Management of Low Back Pain
	Epidemiology of Low Back Pain
	Pathophysiology of Low Back Pain
	Nonoperative Management of LBP
	Pharmacologic Treatment
	Acetaminophen
	Nonsteroidal Anti-Inflammatory Drugs
	Opioids
	Antiepileptics
	Antidepressants
	Skeletal Muscle Relaxants

	Nonpharmacologic Treatment
	Interventional Procedures
	Facet Joint Injection
	Epidural Steroid Injection
	Sacroiliac Intra-Articular Injection
	Radiofrequency Neurolysis
	Role of Interventional Procedures for Chronic Low Back Pain


	Postoperative Pain Management in Spine Surgery
	Parenteral Analgesics
	Epidural Anesthesia
	Intrathecal Analgesia

	Conclusion
	Suggested Readings
	References


	Chapter 282
	282 Complication Avoidance in Spine Surgery
	Infection
	Venous Thromboembolism
	Vision Loss
	Conclusion
	Suggested Readings
	References


	Chapter 283
	283 Evaluation and Treatment of Cervical Disk Herniations
	Historical Background
	Anatomy and Pathophysiology
	Epidemiology
	Clinical Findings
	Axial Neck Pain
	Cervical Radiculopathy
	Myelopathy

	Diagnostic Studies
	Plain Radiographs
	Magnetic Resonance Imaging
	Computed Tomography
	Neurophysiologic Studies
	Interventional Techniques: Diskography

	Conservative Management
	Axial Neck Pain
	Radiculopathy
	Myelopathy

	Operative Management
	Planning for Surgical Treatment
	Anterior Approach for Cervical Disk Herniation
	Anesthesia and Positioning
	Exposure
	Anterior Cervical Discectomy and Corpectomy
	Arthroplasty
	Fusion
	Anterior Cervical Instrumentation

	Posterior Approach for Cervical Degenerative Disease
	Indications for Surgical Treatment
	Anesthesia and Positioning
	Exposure
	Foraminotomy/Discectomy
	Laminectomy/Laminaplasty
	Cervical Posterior Segmental Instrumentation


	Conclusion
	Suggested Readings
	References


	Chapter 284
	284 Evaluation and Treatment of Ossification of the Posterior Longitudinal Ligament
	Epidemiology
	Pathophysiology
	Progression
	Mechanism: Histologic Analysis
	Pathologic Features of Spinal Cord Lesions Caused by Ossification of the Posterior Longitudinal Ligament
	Pathologic Changes in Gray Matter
	Pathologic Changes in White Matter
	Mechanism of Spinal Cord Damage
	Clinical Manifestations

	Diagnostic Imaging
	Treatment
	Conservative Treatment
	Surgical Treatment
	Surgical Approaches
	Posterior Approach: Laminoplasty.
	Anterior Procedure: No Associated Dural Ossification.
	Anterior Procedure: Dural Ossification.

	Choice of Surgical Procedure
	Surgery-Related Outcomes, Complications, and Fusion Rate


	Suggested Readings
	References


	Chapter 285
	285 Evaluation and Treatment of Thoracic Disk Herniation
	Clinical Presentation
	Additional Imaging
	Natural History and Conservative Treatment
	Indications for Surgical Intervention
	Surgical Management
	Dorsal Approaches
	Laminectomy
	Transpedicular Approach

	Posterolateral Access
	Costotransversectomy
	Lateral Extracavitary Approach
	Lateral Extracavitary Parascapular Approach

	Ventral Approaches

	Treatment Results
	Conclusion
	Suggested Readings
	References


	Chapter 286
	286 Evaluation and Treatment of Lumbar Disk Disease
	Clinical Evaluation
	History
	Physical Examination
	Imaging

	Therapy
	Nonsurgical Interventions
	Surgical Interventions

	Conclusion
	Disclaimer
	Suggested Readings
	References


	Chapter 287
	287 Cervical, Thoracic, and Lumbar Stenosis
	Cervical Spinal Stenosis
	Thoracic Spinal Stenosis
	Lumbar Spinal Stenosis
	Pathoanatomy and Pathophysiology
	Natural History
	Clinical Characteristics of Lumbar Spinal Stenosis
	Diagnosis of Lumbar Spinal Stenosis
	Differential Diagnosis
	Treatment
	Conservative Treatment
	Operative Treatment
	Surgical Technique: Interlaminar Decompression.
	Surgical Technique: Bilateral Decompression through Bilateral or Unilateral Laminotomy.

	Postoperative Rehabilitation
	Surgical Outcome
	Predictors of Outcome.

	Surgical Complications
	Interspinous Process Devices

	Stenosis Associated with Synovial Cysts

	Tandem Stenosis
	Suggested Readings
	References


	Chapter 288
	288 Evaluation and Treatment of Degenerative Lumbar Spondylolisthesis
	Epidemiology
	Biomechanics
	Natural History
	Evaluation
	Clinical Assessment
	Radiologic Evaluation
	Grading

	Treatment
	Conservative Treatment
	Comparisons of Surgical and Nonsurgical Treatment
	Surgical Options
	Decompression without Fusion
	Noninstrumented Fusion
	Instrumented Fusion
	Minimally Invasive Approaches for Lumbar Fusion
	Reduction of Spondylolisthesis


	Conclusion
	Suggested Readings
	References


	Chapter 289
	289 Treatment of Discitis and Epidural Abscess
	Epidemiology
	Pathogens Involved
	Routes of Pathogen Spread
	Hematogenous Route
	Contiguous Tissues
	Direct Inoculation


	Clinical Signs and Symptoms
	Diagnosis
	Blood Inflammatory Markers
	Blood and Urine Cultures
	Infected Tissue Biopsy
	Computed Tomography−Guided Needle Biopsy
	Open or Endoscopic Biopsy

	Radiologic Imaging
	Plain Radiographs
	Computed Tomography
	Magnetic Resonance Imaging
	Radionuclide Imaging

	Histopathology
	Differential Diagnosis: Pyogenic versus Tuberculosis Spondylodiscitis

	Treatment
	Surgery or Not?
	Antibiotic Therapy and External Immobilization
	Antibiotic Therapy and Surgery

	Antibiotic Therapy
	External Immobilization
	Surgical Treatment
	Débridement
	Decompression
	Realignment and Stabilization of the Spine

	Anterior, Posterior, or Combined Surgical Approach
	Anterior Approach
	Posterior Approach
	Combined Approach

	Decompression in Different Spinal Segments
	Cervical Spine
	Thoracic Spine
	Thoracolumbar Junction and Lumbar Spine

	Minimally Invasive Approach

	Prognosis
	Conclusion
	Suggested Readings
	References


	Chapter 290
	290 Treatment of Pyogenic Vertebral Spondylodiscitis
	Pathophysiology
	Presentation and Diagnosis
	Treatment
	Nonsurgical Treatment
	Surgical Treatment
	Anterior Column Reconstruction
	How to Stabilize the Affected Levels
	Subaxial Cervical Region.
	Thoracic Region.
	Lumbar Region.



	Suggested Readings
	References


	Chapter 291
	291 Evaluation and Treatment of Fungal and Tubercular Infections of the Spine
	Historical Background
	Epidemiology and Pathology
	Clinical Features
	Spinal Tuberculosis
	Tubercular Abscess
	Spinal Deformity
	Neurological Deficit

	Atypical Presentations
	Work-Up
	Clinical Features and Diagnosis of Fungal Infections
	Treatment
	Fungal Infections of Spine
	Spinal Tuberculosis
	Pott’s Paraplegia
	Kyphosis Correction
	Need for Implant Removal

	Suggested Readings
	References


	Chapter 292
	292 Assessment and Treatment of Benign Tumors of the Axial Skeleton
	Clinical Features
	Clinical Evaluation
	Histopathologic Diagnosis
	Benign Primary Spinal Tumors
	Aneurysmal Bone Cyst
	Hemangiomas
	Osteoid Osteoma and Osteoblastoma
	Enchondroma
	Osteochondroma
	Chondroblastoma
	Giant Cell Tumor

	Chemotherapy and Radiation Therapy
	Surgical Management
	Conclusion
	Suggested Readings
	References


	Chapter 293
	293 Assessment and Treatment of Primary Malignant Tumors of the Axial Skeleton
	Epidemiology and Clinical Presentation
	Approach to Primary Tumors of the Spine
	Radiologic Assessment
	Standard Radiographs
	Computed Tomography
	Magnetic Resonance Imaging
	Bone Scan
	Angiography

	Obtaining a Diagnosis
	Oncologic Staging
	Enneking Classification
	Surgical Margins
	Weinstein-Boriani-Biagini Classification

	Surgical Planning
	Malignant Primary Spinal Tumors
	Chordoma
	Chondrosarcoma
	Osteosarcoma
	Ewing’s Sarcoma
	Plasmacytoma and Multiple Myeloma

	Conclusion
	Suggested Readings
	References


	Chapter 294
	294 Assessment and Treatment of Benign Intradural Extramedullary Tumors
	Histology and Gross Pathology
	Epidemiology
	Syndromes

	Imaging
	Presentation and Indications for Surgery
	Surgery in Syndromic Patients

	Surgical Considerations
	Electrophysiology
	Approaches
	Cervical Approaches
	Thoracolumbar Approaches
	Lumbosacral Approaches
	Choice of Approach

	Minimally Invasive Approaches
	Need for Spinal Fusion

	Surgery for Intradural Nerve Sheath Tumors
	Surgery for Dumbbell Tumors and Extradural Nerve Sheath Tumors
	Surgery for Spinal Meningiomas
	Surgery for Tumors of the Filum Terminale
	Adjuvant Therapy and Radiosurgery
	Outcomes
	Conclusion
	Suggested Readings
	References


	Chapter 295
	295 Assessment and Treatment of Metastatic Spinal Lesions
	Epidemiology
	Clinical Presentation
	Management
	Painful Spinal Metastasis
	Nonsurgical Treatment
	Surgical Treatment

	Metastatic Epidural Spinal Cord Compression
	Nonsurgical Treatment
	Radiotherapy and Surgical Treatment

	Classification
	Conclusion
	Suggested Readings
	References


	Chapter 296
	296 Assessment and Treatment of Malignant Primary Spinal Tumors
	Intradural Tumors
	Malignant Astrocytomas: Anaplastic Astrocytoma and Glioblastoma Multiforme
	Anaplastic Ependymoma
	Rare Malignant Intradural Intramedullary Tumors: Anaplastic Oligodendroglioma and Anaplastic Ganglioglioma
	Spinal Malignant Peripheral Nerve Sheath Tumors
	Malignant Meningioma
	Primary Spinal Melanoma

	Extradural Tumors
	Chordoma
	Chondrosarcoma
	Osteosarcoma
	Ewing’s Sarcoma

	Conclusion
	Suggested Readings
	References


	Chapter 297
	297 Assessment and Treatment of Rheumatoid Arthritis and Inflammatory Spinal Diseases
	Epidemiology
	Pathophysiology Specific to Spinal Ligaments
	Clinical Features
	Assessment
	Imaging
	Modern Medical Treatment
	Indications for Surgical Intervention
	Suggested Readings
	References


	Chapter 298
	298 Assessment and Treatment of Ankylosing Spondylitis and Diffuse Idiopathic Skeletal Hyperostosis
	Ankylosing Spondylitis
	Diffuse Idiopathic Skeletal Hyperostosis
	Clinical Features and Diagnosis
	Ankylosing Spondylitis
	Diffuse Idiopathic Skeletal Hyperostosis

	Imaging
	Ankylosing Spondylitis
	Diffuse Idiopathic Skeletal Hyperostosis

	Pathophysiology
	Ankylosing Spondylitis
	Diffuse Idiopathic Skeletal Hyperostosis

	Primary Management
	Trauma Management
	Surgical Management
	Disclosure
	Suggested Readings
	References


	Chapter 299
	299 Adult Congenital Malformations of the Thoracic and Lumbar Spine
	Epidemiology and Associated Disorders
	Imaging
	Embryology
	Embryogenesis
	Neurogenesis
	Skeletogenesis

	Congenital Scoliosis
	Congenital Lordosis and Kyphosis
	Congenital Thoracolumbar Stenosis
	Spondylolysis and Spondylolisthesis
	Sacral Agenesis and Caudal Regression Syndrome
	Sacrococcygeal Teratoma
	Spinal Dysraphism
	Lipomyelomeningocele

	Diastematomyelia and Diplomyelia
	Neurenteric Cyst
	Terminal Myelocystocele
	Dermal Sinus Tract
	Dermoids and Epidermoids
	Fatty Filum Terminale
	Meningocele Manqué

	Conclusion
	Suggested Readings
	References


	Chapter 300
	300 Adult Tethered Cord Syndrome
	Incidence and Epidemiology
	Developmental Considerations
	Pathophysiology of Tethered Cord Syndrome
	Symptomatology and Clinical Presentation
	Etiology
	Fatty and Thickened Filum Terminale
	Meningocele Manqué
	Dermal Sinus Tracts

	Treatment
	Conclusion
	Suggested Readings
	References


	Chapter 301
	301 Adult Syringomyelia
	Incidence and Epidemiology
	Pathophysiology and Classification
	Symptomatology and Clinical Presentation
	Radiologic Evaluation
	Specific Etiologies of Adult Syringomyelia
	Posttraumatic Syringomyelia
	Arachnoiditis

	Treatment
	Conclusion
	Suggested Readings
	References


	Chapter 302
	302 Assessment and Classification of Spinal Instability
	Definition of Spinal Instability
	Anatomy and Biomechanics of Spinal Stability
	Anatomy
	Vertebrae
	Intervertebral Disk
	Spinal Ligaments
	Spinal Cord

	Biomechanics of Spinal Instability

	Assessment of Spinal Instability
	Clinical Assessment
	Radiographic Assessment
	Plain Radiography
	Multidetector Computed Tomography
	Magnetic Resonance Imaging

	Assessment of Instability in the Pediatric Population

	Classification of Spinal Instability
	History of Spinal Injury Classification
	Column Models of Spinal Stability
	The Checklist Approach

	Subaxial and Thoracolumbar Injury Classification and Severity Scoring Systems
	Assessment and Classification of Instability at the Craniocervical Junction
	Specific Craniocervical Lesions

	Delayed Posttraumatic Instability

	Suggested Readings
	References


	Chapter 303
	303 Medical Management of Spinal Cord Injury
	Pathophysiology
	Initial Care and Assessment
	Immobilization
	Clinical Assessment
	Imaging

	Critical Care Management
	Effects of Spinal Cord Injury on Respiratory Function
	Airway Management
	Bradycardia and Cardiac Arrhythmias
	Neurogenic Shock

	Principles of Surgical Management
	Pharmacotherapy
	Corticosteroids
	GM1 Ganglioside

	Emerging Therapies
	Neuroprotective Agents
	Minocycline
	Riluzole
	Cethrin
	Magnesium–Polyethylene Glycol
	Granulocyte Colony-Stimulating Factor
	Fibroblast Growth Factors

	Stem Cell Replacement Therapy
	Therapeutic Hypothermia
	Cerebrospinal Fluid Drainage

	Management of Subacute Complications
	Cardiovascular Complications
	Orthostatic Hypotension
	Autonomic Dysreflexia
	Respiratory Complications
	Venous Thromboembolism
	Decubitus Ulcers
	Gastrointestinal Complications and Nutrition

	Prognosis
	Conclusion
	Suggested Readings
	References


	Chapter 304
	304 Classification and Treatment of O-C1 Craniocervical Injuries
	Isolated Ligament Injuries
	Occipitoatlantal Dislocation
	Anatomy and Biomechanics
	Mechanism of Lesion
	Diagnosis and Classification
	Treatment

	Transverse Ligament Injuries

	Isolated Osseous Injuries
	Anatomy and Mechanism of Lesions
	Occipital Condyle Fractures
	Diagnosis and Classification
	Treatment

	Isolated Atlas Fractures
	Diagnosis and Classification
	Treatment


	Acknowledgment
	Suggested Readings
	References


	Chapter 305
	305 Evaluation and Treatment of C2 (Axis) Fractures
	Anatomy of The Axis
	Common C2 Fractures
	Odontoid Fractures
	Type I Odontoid Fractures
	Type II Odontoid Fractures
	Type III Odontoid Fractures

	Work-Up of C2 Fractures
	Treatment of C2 Fractures
	Anterior Odontoid Screw Fixation
	Transarticular Screw Placement for C2 Fractures (Magerl Technique)
	Posterior C1-2 Screw-Rod Fixation (Harms Technique)
	Complications of C2 Fracture Treatment
	Odontoid Fractures in Elderly Patients

	Outcome and Prognosis

	Hangman’s Fracture
	Miscellaneous C2 Fractures
	Conclusion
	Suggested Readings
	References


	Chapter 306
	306 Evaluation, Classification, and Treatment of Cervical (C3-C7) Injuries
	Incidence
	Mechanism
	Age Distribution
	Anatomy and Biomechanics
	Posterior Ligamentous Complex and Facet Anatomy

	Evaluation
	Spinal Cord Injury

	Classification
	Injury Subtypes
	Compression Injuries
	Tension Band Injuries
	Translational Injuries

	Facet Injuries

	Treatment
	Nonoperative Treatment
	Operative Treatment
	Compression Injuries (AO Type A)
	Tension Band Injuries (AO Type B)
	Translational Injuries (AO Type C)

	Vascular Injuries

	Conclusion
	Acknowledgment
	Suggested Readings
	References


	Chapter 307
	307 Treatment of Cervicothoracic Junction Injuries
	Biomechanics of the Cervicothoracic Junction
	Injuries
	Types of Injuries
	Compression Injury
	Distraction Injury
	Rotational-Translational Injury
	Discoligamentous Complex Injury
	Clay Shoveler’s Fracture

	Treatment
	Surgical Approaches
	Anterior Approaches
	Lateral Approach
	Posterior Approaches


	Construct Design
	Cadaveric Studies
	Segmental Instrumentation
	Construct Failure

	Conclusion
	Suggested Readings
	References


	Chapter 308
	308 Transient Quadriparesis and Athletic Injuries of the Cervical Spine
	Classification of Athletic Spinal Injuries
	Type I Spinal Injury
	Type II Spinal Injury
	Type III Spinal Injury

	Etiologic Forces
	Compression
	Hyperflexion

	Injury Location
	Upper Cervical Spine Injury
	Subaxial Cervical Spine Injury
	Traumatic Intervertebral Disk Herniation

	Return-to-Play Criteria Following Cervical Spine Injury
	Cervical Spine Fractures/Ligamentous Instability
	Spinal Stenosis and Transient Quadriparesis
	Intervertebral Disk Herniation
	Spear Tackler’s Spine
	Malformations
	Postoperative Considerations

	Conclusion
	Suggested Readings
	References


	Chapter 309
	309 Evaluation, Classification, and Treatment of Thoracolumbar Spine Injuries
	Classification Schemes in Thoracic and Lumbar Spinal Injuries
	Anatomy
	Posterior Ligamentous Complex
	Termination of the Conus Medullaris

	Initial Assessment and Evaluation
	Initial Clinical Evaluation and Secondary Survey
	Imaging
	Timing of Imaging in Acute Traumatic Spinal Cord Injury
	Radiography and Computed Tomography
	Magnetic Resonance Imaging
	Assessment of the Posterior Ligamentous Complex.



	Classifications
	Denis Classification
	Load-Sharing Classification
	Magerl Classification System
	Thoracolumbar Injury Classification and Severity Score
	Updated AOSpine Thoracolumbar Spine Injury Classification System

	Operative Versus Nonoperative Management
	Anterior, Posterior, or Combined Approach

	Conclusion
	Acknowledgment
	Suggested Readings
	References


	Chapter 310
	310 Evaluation and Treatment of Osteoporotic Fractures (Cement Augmentation)
	The Problem
	Epidemiology
	Bone Cement Reinforcement

	Definitions and Terminology
	Height Restoration
	Indication for Treatment and Patient Selection
	Personality of Fracture (Good versus Bad)
	Assessment and Treatment Algorithm
	Indications for Cement Reinforcement (Vertebroplasty, Kyphoplasty)
	Contraindications to Percutaneous Cement Reinforcement


	Treatment Modalities for Osteoporotic Vertebral Fractures
	Conservative Treatment
	Surgical Treatment
	Preoperative Planning
	Surgical Procedure
	Placement of the Filling Cannula or Working Portal.
	Cement Preparation.
	Cement Injection.



	Complex Fractures Requiring Surgical Stabilization
	Complications and Their Avoidance
	Misplacement of the Cannulas
	Cement Leakage
	Adjacent Fractures
	Mechanical Failure
	Infection

	Suggested Readings
	References


	Chapter 311
	311 Classification of Spinal Deformity
	History of Adolescent Idiopathic Scoliosis Classifications
	Ponseti Classification
	King Classification
	Lenke Classification
	Other Classification Systems
	History of Adult Spinal Deformity Classifications
	The SRS-Schwab Classification

	Conclusion
	Suggested Readings
	References


	Chapter 312
	312 Evaluation of Spinal Alignment
	Clinical and Radiographic Evaluation of Spinal Alignment
	Coronal Alignment Angles and Displacements
	Regional Spinal Alignment
	Pelvic Alignment
	Global Spinal Alignment

	Sagittal Alignment Angles and Displacements
	Regional Spinal Alignment
	Pelvic Alignment
	Global Spinal Alignment


	Summary
	Suggested Readings
	References


	Chapter 313
	313 Evaluation and Treatment of Cervical Deformity
	Biomechanics
	Etiology and Epidemiology
	Evaluation
	Clinical Assessment
	Radiologic Assessment


	Treatment
	Indications for Treatment
	Surgical Treatment
	Outcomes

	Conclusion
	Suggested Readings
	References


	Chapter 314
	314 Evaluation and Treatment of Adolescent Idiopathic Scoliosis
	Abstract
	Key Words
	Epidemiology
	Etiology
	Natural History
	Evaluation
	History
	Physical Examination
	Imaging
	Classification

	Treatment
	Observation
	Bracing
	Surgical Treatment

	Surgical Approach
	Postoperative Care and Outcomes
	Complications
	Conclusion
	Disclaimer
	Suggested Readings
	References


	Chapter 315
	315 Evaluation and Treatment of Scheuermann’s Kyphosis
	Etiology
	Evaluation
	Nonsurgical Management
	Surgical Approaches
	Posterior Approach
	Anterior-Posterior Approach

	Outcomes
	Nonsurgical Conservative Measures
	Surgery

	Conclusion
	Suggested Readings
	References


	Chapter 316
	316 Minimally Invasive Treatment of Adult Scoliosis
	The Diversity of Techniques of Minimally Invasive Surgery
	Case Examples of Minimally Invasive Surgery for Adult Spinal Deformities
	Case 1: Lateral Interbody Stand-Alone Surgery
	Rationale for This Approach

	Case 2: Lateral Interbody Surgery with Percutaneous Fixation
	Rationale for This Approach

	Case 3: Multilevel Minimally Invasive Surgery: Transforaminal Interbody Fusion
	Rationale for This Approach


	Patient Selection and Limitations
	Future Directions
	Suggested Readings
	References


	Chapter 317
	317 Evaluation and Treatment of Adult Scoliosis and Sagittal Plane Deformity
	Historical Perspective
	Physiology
	Clinical Evaluation: History and Physical Examination
	Radiographic Evaluation
	Classification
	Surgical Planning and Treatment
	Complications
	Outcome
	Conclusion
	Suggested Readings
	References


	Chapter 318
	318 Assessment and Treatment of Proximal Junctional Kyphosis
	Assessment
	Risk Factors and Prevention Strategies
	Treatment
	Current State and Future Outlooks
	Conclusion
	Suggested Readings
	References


	Chapter 319
	319 Treatment of High-Grade Spondylolisthesis
	Epidemiology
	Pathophysiology And Etiology
	Risk Factors for Progression
	Clinical Presentation
	Classification System for Spondylolisthesis: Where Are We Now?
	Treatment Strategy for High-Grade Spondylolisthesis
	Radiologic Evaluation
	Natural History: to Operate or Not to Operate?
	Indications for Surgery: When to Operate?
	Adult versus Pediatric High-Grade Spondylolisthesis: Does One Treatment Work for All?
	Surgery for High-Grade Spondylolisthesis: Is There a Consensus?
	Reduction or No Reduction?
	Anterior Column Support: Yes or No?


	Surgery for High-Grade Spondylolisthesis
	Basic Surgical Tenets
	Surgical Options
	Posterior in Situ Fusion
	Posterior Reduction of Spondylolisthesis, Decompression, and Instrumented Posterolateral Fusion
	Posterior Reduction of Spondylolisthesis, Decompression, and Circumferential Fusion
	Transsacral Fibular Dowel Graft Supplemented with Posterolateral Instrumented Fusion with No Attempt at Reduction
	Spondylectomy for Spondyloptosis

	Complications

	Conclusion
	Suggested Readings
	References


	Chapter 320
	320 Bone Graft Options, Graft Substitutes, and Harvest Techniques
	Evolution of Biologic Materials
	Biomechanical Considerations IN Bone Grafting
	Graft Site and Preparation of the Soft Tissue Bed
	Current Practices and Techniques With Biologics
	Cancellous Autograft
	Biology
	Clinical Results

	Nonvascularized Cortical Autograft
	Biology
	Clinical Results
	Autograft Harvest Sites
	Anterior Iliac Crest.
	Posterior Iliac Crest.
	Fibula.
	Rib.
	Local Bone.

	Allograft Bone
	Morcellized and Cancellous Allogeneic Bone
	Clinical Results.

	Cortical Allograft
	Clinical Results.

	Ceramics
	Biology.
	Clinical Results.

	Demineralized Bone Matrix
	Biology.
	Clinical Results.

	Bone Morphogenetic Proteins
	Use of Recombinant Human Bone Morphogenetic Protein 2


	Conclusion
	Suggested Readings
	References


	Chapter 321
	321 Cervical Arthroplasty
	Rationale
	Indications
	Techniques
	Outcomes
	Conclusion
	Suggested Readings
	References


	Chapter 322
	322 Lumbar Arthroplasty
	Applied Biomechanics
	Patient Selection
	Clinical Trial Results
	Complications and Revision Strategies
	Conclusion
	Suggested Readings
	References


	Chapter 323
	323 Nucleoplasty and Posterior Dynamic Stabilization Systems
	Classification and Nomenclature
	Dynamic Systems
	Nucleoplasty

	Indications
	Biomechanical Considerations
	Surgical Technique
	Outcome
	Complications
	Suggested Readings
	References


	Chapter 324
	324 Occiput, C1, and C2 Instrumentation
	Craniovertebral Instability
	Atlantoaxial Dislocation
	Atlantoaxial Facetal Dislocation
	Vertical Atlantoaxial Dislocation
	Mobile and Reducible Atlantoaxial Dislocation (Fig. 324-8)
	Treatment
	Midline Methods of Fixation
	C1-C2 Wiring Techniques
	Gallie Fusion.
	Brooks–Jenkins Fusion.
	Sonntag’s Modification of Gallie Fusion.

	Occipitocervical Fixation

	Anatomy of the Lateral Masses of Atlas and Axis and Their Vertebral Artery Relationship
	Operative Technique for Goel’s Lateral Mass Plate (or Rod) and Screw (Monoaxial or Polyaxial) Fixation (Fig. 324-9) (Video 324-1)
	Avoidance of Vertebral Artery Injury
	C2 Ganglion Sectioning

	Postoperative Care
	Other Techniques
	Magerl’s Technique
	Double Insurance Fixation
	Joint Jamming Technique
	Insertion of Screws into Lamina, Spinolaminar Junction, and Spinous Process for Fixing the Axial End of the Implant

	Irreducible or Fixed Atlantoaxial Dislocation
	Treatment


	Basilar Invagination
	Historical Perspective and Pathogenesis
	Basilar Invagination: Classification into Groups I and II
	Classification into Groups A and B
	Current Concept of Basilar Invagination
	Clinical Features
	Precipitating Factors
	Associated Clinical Features
	Goel’s Clinical Grading System
	Radiologic Criteria
	Chamberlain’s Line
	Distance between Odontoid Tip to the Pontomedullary Junction
	Wackenheim’s Clival Line
	Platybasia
	Omega Angle
	Brainstem Girth
	Occipitalization of the Atlas
	Neck Size

	Surgical Management
	Atlantoaxial Fixation for All Cases of Basilar Invagination
	Surgical Technique of Atlantoaxial Fixation and Craniovertebral Realignment
	Reversibility of Musculoskeletal Changes after Surgery
	Foramen Magnum Decompression


	Suggested Readings
	References


	Chapter 325
	325 Anterior Cervical Instrumentation
	History
	Biomechanics
	Indications for Anterior Cervical Screw-Plate Fixation
	Operative Technique
	Preoperative Considerations
	Preoperative Preparation and Positioning
	Skin Incision
	Soft Tissue Dissection and Exposure of the Vertebral Column
	Discectomy With or Without Corpectomy
	Bone Grafting and Plate Fixation
	Enhancing the Natural Capacity for Bone Healing
	Iatrogenic Impediments to Fusion Biology
	Optimizing the Fusion and Hardware Construct

	Closure

	Complications
	Orthoses and Postoperative Follow-Up
	Evolution of Screw-Plate Systems
	Conclusion
	Acknowledgment
	Suggested Readings
	References


	Chapter 326
	326 Posterior Subaxial and Cervicothoracic Instrumentation
	Indications
	Anatomy/Exposure
	Techniques of Instrumentation
	Interspinous Wiring
	Rogers’s Technique

	Bohlman’s Triple-Wiring Technique
	Dewar’s Technique

	Facet Wiring
	Sublaminar Wiring (Cabling) Techniques
	Lateral Mass Screw Fixation
	Transpedicular Screws
	Laminar Screws
	Laminar Hooks

	Cervicothoracic Junction
	Other Fixation Techniques

	Biomechanical Considerations
	Conclusion
	Suggested Readings
	References


	Chapter 327
	327 Anterior Thoracic Instrumentation
	Historical Perspective: History of Anterior Spinal Surgery
	Indications for Anterior Thoracic Spine Surgery
	Infection
	Trauma
	Tumor
	Degenerative Conditions
	Deformity

	Surgical Approach
	Split Manubrium Approach for C7 to T4
	Open Thoracotomy for T2 to T8
	Split Diaphragm Approach for Thoracolumbar Junction
	Thoracoscopic Approach

	Biomechanical Considerations
	Instrumentation
	Constructs
	Dual-Rod Constructs
	Screw-Plate Constructs

	Cages

	Complications
	Approach Related
	Instrument or Fusion Related
	Methods to Avoid Complications

	Conclusion
	Suggested Readings
	References
	Case Study
	Anterior Techniques in Scoliosis Correction
	Anterior Thoracic Spine Approaches

	Case History
	Procedure
	Imaging
	Preoperative
	Postoperative




	Chapter 328
	328 Anterior and Lateral Lumbar Instrumentation
	Surgical Approaches
	Minimally Invasive Transpsoas Approach
	Indications
	Degenerative Disease and Deformity Surgery
	Surgical Technique (L1-L5)
	Preoperative Planning
	Transpsoas Access and Discectomy

	Limitations
	Complications

	Mini Open Anterolateral Approach for Corpectomies
	Indications
	Surgical Technique
	Complications

	Anterior Lumbar Interbody Fusion
	Indications
	Surgical Techniques
	Retroperitoneal Approach (L3-S1)
	Transperitoneal Approach
	Discectomy
	Interbody Fusion

	Instrumentation
	Complications

	Conclusion
	Suggested Readings
	References


	Chapter 329
	329 Posterior Thoracic and Lumbar Instrumentation with Historical Overview
	Historical Overview of Posterior Thoracic and Lumbar Instrumentation
	Anatomic and Biomechanical Considerations for Pedicle Screw Insertion in the Thoracic and Lumbar Vertebrae
	Correct Level Determination in the Thoracic Spine
	Biomechanical Considerations

	Indications for Posterior Thoracic and Lumbar Instrumentation
	Unstable Fractures Requiring Surgical Stabilization
	Degenerative Disk Disease
	Deformities
	Spondylolisthesis with Lumbar Stenosis
	Lumbar Stenosis Following Decompression (Without Spondylolisthesis)
	Spinal Instability Due to Tumors or Infections

	Surgical Techniques for Posterior Thoracic and Lumbar Fixation
	Open Surgical Technique for Thoracic and Lumbar Pedicle Screw Fixation
	Posterior Fixation with Hook-Rod Instrumentation
	Laminar Hooks
	Pedicle Hooks
	Transverse Process Hooks

	Cemented Screws
	Transarticular Screws
	Achieving Arthrodesis in the Thoracolumbar Spine
	“360” Instrumentation and Fusion in the Thoracolumbar Spine via a Posterior Approach
	Minimally Invasive Thoracolumbar Instrumentation

	Complications and Their Avoidance
	Pedicle Screw–Related Complications
	Hook-Related Complications
	Complications Related to the General Surgical Technique of Posterior Fixation and Fusion

	Suggested Readings
	References


	Chapter 330
	330 Posterior, Transforaminal, Lateral, and Anterior Lumbar Interbody Fusion
	Key Words
	Indications
	Patient Selection
	Interbody Grafts
	Technique
	Posterior Lumbar Interbody Fusion
	Open Transforaminal Lumbar Interbody Fusion
	Minimally Invasive Transforaminal Lumbar Interbody Fusion
	Anterior Lumbar Interbody Fusion

	Complications
	Conclusion
	Suggested Readings
	References


	Chapter 331
	331 Image-Guided Spinal Navigation
	Historical Perspective
	Principles of Image-Guided Spinal Navigation
	Navigation Techniques
	Clinical Applications
	Clinical Results
	Conclusion
	Suggested Readings
	References


	Chapter 332
	332 Sacropelvic Fixation
	History
	Anatomy of the Lumbar Spine, Sacrum, and Pelvis
	Biomechanics of Sacropelvic Fixation
	Indications for Sacropelvic Fixation
	Supplementation of Long-Segment Constructs
	High-Grade Spondylolisthesis
	After Sacrectomy for Sacral Tumors
	Sacral Fractures
	Flat Back Deformity That Necessitates Osteotomies
	Correction of Pseudoarthrosis
	Correction of Pelvic Obliquity
	Substantial Osteoporosis in the Setting of Lumbosacral Fusion
	Degenerative Stenosis Caudal to Long-Segment Constructs
	Discitis-Osteomyelitis

	Long-Term Results of Sacropelvic Fixation
	Techniques for Pelvic Fixation
	General Principles
	Iliosacral Screws
	Transiliac Bar
	Iliac Screws
	S2 Alar-Iliac Screws

	Conclusion
	Suggested Readings
	References


	Chapter 333
	333 Spinal Osteotomies
	Preoperative Planning
	Osteotomy Classification
	Grade 2 (Ponte Osteotomy or Smith-Petersen Osteotomy)
	Grade 3 (Pedicle Subtraction Osteotomy)
	Grade 5 Osteotomy (Vertebral Column Resection)

	Conclusion
	Suggested Readings
	References


	Chapter 334
	334 Evaluation, Indications, and Techniques of Revision Spine Surgery
	Initial Evaluation
	General Surgical Principles
	Postoperative Spinal Instability and Deformity
	Pseudarthrosis
	Postarthrodesis Adjacent Segment Degeneration and Disease
	Cervical Spine Revision
	Postlaminectomy Cervical Kyphosis
	Dorsal Approach
	Ventral Approach

	Pseudarthrosis
	Ventral Surgical Techniques
	Dorsal Surgical Techniques
	Subaxial Cervical Spine.
	Occipital Cervical Junction.
	Atlantoaxial Junction.


	Postarthrodesis Adjacent Segment Disease

	Lumbar Spine Revision
	Segmental Instability after Posterior Lumbar Decompression
	Pseudarthrosis
	Recurrent Lumbar Disk Herniation
	Postarthrodesis Adjacent Segment Disease

	Thoracic Spine Revision
	Pseudarthrosis
	Proximal Junctional Kyphosis

	Conclusion
	Suggested Readings
	References


	Chapter 335
	335 Minimally Invasive Techniques for Degenerative Disease
	Nonfusion Techniques for the Lumbar Spine
	Foraminotomy and Laminectomy
	Far Lateral Approach
	Percutaneous Endoscopic Approach

	Bilateral Decompression through a Unilateral Approach

	Fusion Techniques for the Lumbar Spine
	Image Guidance in Minimally Invasive Spine Surgery
	Transforaminal Lumbar Interbody Fusion
	Extreme Lateral Interbody Fusion

	Minimally Invasive Spine Surgery for the Thoracic Spine
	Extreme Lateral Mini-Thoracotomy Diskectomy and Fusion

	Minimally Invasive Spine Surgery Multilevel Instrumentation
	Nonfusion Techniques for the Cervical Spine
	Posterior Cervical Foraminotomy

	Endoscopic Approaches for C1-2 Pathology
	Evidence-Based Medicine and Minimally Invasive Spine Surgery
	Cost-Effectiveness of Minimally Invasive Spine Surgery
	Potential Pitfalls and Limitations of Minimally Invasive Spine Surgery
	Suggested Readings
	References


	Section XI

	Overview and Controversies
	Overview
	Controversies and Unresolved Questions Related to Traumatic Brain Injury
	Decompressive Craniectomy
	Definitions
	Clinical Trials of Secondary Decompressive Craniectomy
	RESCUE-ASDH: Clinical Trial of Primary Decompressive Craniectomy
	Decompressive Craniotomy: Conclusion

	Monitoring the Brain after Traumatic Brain Injury
	Management of Traumatic Brain Injury in Elderly Patients
	Concussion and Mild Traumatic Brain Injury
	Clinical Trials in Traumatic Brian Injury
	Reasons for Failure of Past Clinical Trials
	Clinical Perspective.
	Translational Perspective.
	Methodologic Perspective.

	Generalizability
	Translating Experimental Efficacy into Clinical Benefit
	Influence of Sponsor
	New International Efforts to Improve Clinical Research


	Future Directions
	References


	Chapter 336
	336 Epidemiology of Traumatic Brain Injury
	Definitions
	Epidemiology
	Incidence
	Prevalence
	Mortality Rate

	Limitations and Gaps in Knowledge of Epidemiology in Traumatic Brain Injury
	Classification of Traumatic Brain Injury
	The Effect of Traumatic Brain Injury From A Global Perspective
	Incidence
	Regional Variations
	Populations at Risk
	Mortality Rates
	Cause of Injury
	Patients with Traumatic Brain Injury Are Aging

	The Long and Winding Road of the Epidemiology of Traumatic Brain Injury
	Suggested Readings
	References


	Chapter 337
	337 Biomechanical Basis of Traumatic Brain Injury
	Overview
	Clinical Classification of Brain Injuries
	Biomechanical Mechanisms of Injury
	Types of Biomechanical Loading
	Tissue Properties and Responses to Loading

	Mechanistic Causes of Head Injuries
	Contact Injuries
	Local Contact Effects
	Remote Contact Effects
	Head Motion (Inertial) Injuries
	Types of Head Acceleration
	Determinants of Acceleration Injury
	Blast-Induced Brain Injuries

	Predominant Clinical Consequences of Injury Mechanisms
	Skull Fracture
	Linear Fracture
	Depressed Fracture
	Basilar Fracture

	Focal Brain Injury
	Epidural Hematoma
	Coup Contusions
	Contrecoup Contusions
	Intermediate Coup Contusions
	Intracerebral Hematoma
	Tissue Tear Hemorrhages
	Subdural Hematoma

	Diffuse Brain Injury
	Cerebral Concussion
	Diffuse Axonal Injury


	Conclusion
	Suggested Readings
	References


	Chapter 338
	338 Neuropathology of Traumatic Brain Injury
	Increased Intracranial Pressure and Herniation
	Brain Herniation Syndromes
	Cingulate Herniation
	Uncal Herniation
	Central Herniation
	Cerebellar Tonsillar Herniation
	Fungus Cerebri

	Cerebral Edema

	Anatomic Structures Involved in Traumatic Brain Injury
	Scalp
	Skull
	Dura
	Epidural Hematoma
	Subdural Hematoma
	Acute Subdural Hematoma
	Chronic Subdural Hematoma

	Brain Parenchymal Injury
	Concussion
	Contusion
	Penetrating Brain Injury
	Traumatic Axonal Injury
	Cerebrovascular Damage
	Traumatic Intracerebral Hemorrhage
	Traumatic Intraventricular Hemorrhage


	Long-Term Effects of Traumatic Brain Injury
	Chronic Traumatic Encephalopathy
	Catastrophic Injuries
	Conclusion
	Suggested Readings
	References


	Chapter 339
	339 Animal Models of Traumatic Brain Injury
	Outcome Measures
	Conclusion


	Chapter 339z
	339 Animal Models of Traumatic Brain Injury
	Outcome Measures
	Caveats and Conclusion
	Suggested Readings
	References


	Chapter 340
	340 Genetics of Traumatic Brain Injury
	Abstract
	Key Words
	Neurodegeneration Pathways
	Apolipoprotein E
	Brain-Derived Neurotrophic Factor

	Inflammatory Pathways
	Interleukin-1
	Interleukin-6
	Tumor Necrosis Factor-α
	Angiotensin-Converting Enzyme

	Oncogene Pathways
	B-Cell Lymphoma 2
	Tumor Protein 53
	Poly(Adenosine Diphosphate Ribose) Polymerase 1

	Neuroprotective Pathways
	Neprilysin
	Neuroglobin

	Neurotransmitter Pathways
	Dopamine D2 Receptor
	Catechol-O-Methyltransferase
	Solute Carrier Family 6, Member 4
	Additional Neurotransmission Pathways

	Conclusion
	Suggested Readings
	References


	Chapter 341
	341 Neurochemical Pathomechanisms in Traumatic Brain Injury
	Primary and Secondary Brain Injury
	Relationship Between Mechanical Forces and Brain Injury
	Primary Injury: Molecular and Microscopic Aspects
	Focal versus Diffuse Primary Brain Injury
	Diffuse Primary Brain Injury
	Focal Primary Brain Injury

	Damage to Cells/Tissue
	Neurons
	Axons
	Clinical Implications.

	Astrocytes
	Shear Effect on the Microvasculature
	Ion Channels
	Synapses


	Secondary Injury Processes
	Hypoxia-Ischemia
	Genesis of Ischemic Brain Damage After Severe Human Traumatic Brain Injury
	Infarction versus Selective Neuronal Loss
	Clinical Implications.

	Ischemia and Associated Acidosis
	Clinical Implications.


	Edema/Intracranial Pressure Elevation
	Excitotoxicity
	Clinical Implications

	Calcium Dysregulation
	Clinical Implications

	Cytoskeletal Proteolysis
	Clinical Implications

	Derangements in Brain Metabolism After Traumatic Brain Injury
	Clinical Implications
	Mitochondrial Permeability Transition
	Clinical Implications.

	DNA Damage
	Free Radical Formation
	Clinical Implications.

	Other Metabolic Derangements
	Coupled Lactate Metabolism.



	Cell Death
	Nomenclature of Cell Death
	Intrinsic Pathway of Caspase-Dependent Apoptosis
	Extrinsic Pathway of Caspase-Dependent Apoptosis
	Caspase-Independent Apoptosis

	Clinical Implications

	Neuroinflammation
	Targeting Inflammation as Therapy

	Modifiers of Response to Traumatic Brain Injury
	Age
	Genomics and Apolipoprotein E
	Gender
	Clinical Implications


	Conclusion
	Suggested Readings
	References


	Chapter 342
	342 Traumatic Brain Injury
	Clinical Basis for the Importance of Biomarkers in Traumatic Brain Injury
	Pathophysiology of Biomarkers for Traumatic Brain Injury
	Definition of a Biomarker
	Pathophysiology
	Methods of Biomarker Sampling

	Protein Biomarkers of Traumatic Brain Injury
	Markers of Neuronal Injury
	Neuron-Specific Enolase
	αII-Spectrin Breakdown Products
	Ubiquitin Carboxyl-Terminal Hydrolase Isoenzyme L1

	Markers of Axonal Injury
	Myelin Basic Protein
	Neurofilament Polypeptides
	Cleaved-Tau (C-Tau) Protein
	Amyloid β

	Astroglial Injury
	S-100β
	Glial Fibrillary Acidic Protein

	Neuroinflammation

	Proteomic Approach to TBI Biomarker Analysis
	Conclusion
	Suggested Readings
	References


	Chapter 343
	343 Therapeutic Strategies for Repair and Regeneration following Traumatic Brain Injury
	Trauma-Induced Plasticity
	The Injury Microenvironment: A Double-Edged Sword
	Inflammatory Mechanisms and Gliosis
	Neural Connectivity
	Gene and Protein Expression

	Endogenous Neurogenesis After Traumatic Brain Injury
	Subventricular Zone Neurogenesis after Trauma
	Migration of Subventricular Zone Neural Progenitor Cells to the Site of Injury
	Hippocampal Neurogenesis after Brain Trauma
	Cortical Neurogenesis after Brain Trauma

	Evidence for Functional Recovery
	Functional Imaging
	Effect of Environmental Stimulation
	Neurorehabilitation and Environmental Enrichment

	Developing Therapies for Functional Recovery After Traumatic Brain Injury
	Enhancing Neoneurogenesis after Brain Trauma
	Cell Transplantation
	Neuronal Progenitor Cell Grafts in Traumatic Brain Injury Models
	Use of Biologic Scaffold Matrices to Enhance Recovery
	Possibility of Autologous Neural Stem Cell Transplantation
	Oligodendrocyte Replacement

	Gene Therapy
	Noninvasive Neurostimulation and Cortical Stimulation
	Deep Brain Stimulation
	Ethical Issues

	Conclusion
	Suggested Readings
	References


	Chapter 344
	344 Structural Imaging of Traumatic Brain Injury
	Structural imaging: Modalities
	Conventional Radiography
	Computed Tomography
	Indications for Noncontrast Head Computed Tomography in Acute Mild Traumatic Brain Injury
	Noncontrast Head Computed Tomography Protocol for Traumatic Brain Injury

	Structural Magnetic Resonance Imaging
	Structural Brain Magnetic Resonance Imaging Protocol for Acute Traumatic Brain Injury

	Imaging Findings in Acute Traumatic Brain Injury
	Skull Fractures
	Epidural Hematoma
	Subdural Hematoma
	Subarachnoid Hemorrhage
	Brain Contusion
	Intracerebral Hemorrhage
	Dating of Blood Products within the Brain
	Traumatic Axonal Injury and Diffuse Axonal Injury
	Cerebral Swelling, Brain Herniation, and Stroke
	Blunt Cerebrovascular Injury

	Conclusion
	Acknowledgment
	Suggested Readings
	References


	Chapter 345
	346 Clinical Pathophysiology of Traumatic Brain Injury
	Mechanisms of Brain Injury
	Classification of Head Injury
	Focal Brain Injury
	Brain Contusion
	Traumatic Intracranial Hematoma
	Epidural Hematoma
	Subdural Hematoma
	Acute Subdural Hematoma.

	Intracerebral Hematoma


	Diffuse Brain Injury
	Concussion
	Diffuse Axonal Injury
	Traumatic Subarachnoid Hemorrhage and Posttraumatic Vasospasm
	Intraventricular Hemorrhage

	Cerebral Circulation and Metabolism After Severe Head Injury: Mechanisms of Secondary Injury
	Disturbances of Cerebral Metabolism
	Disturbances of Cerebral Blood Flow
	Cerebral Ischemia
	Impaired Cerebrovascular Reactivity
	Metabolic Autoregulation.
	Pressure Autoregulation.
	Viscosity Autoregulation.
	Carbon Dioxide Reactivity.


	Cerebral Blood Flow, Cerebral Blood Volume, Arteriovenous Difference in Oxygen, and Autoregulation
	Elevated Intracranial Pressure
	Secondary Displacement of the Brain
	Subfalcine (Cingulate) Herniation
	Lateral (Uncal) Tentorial Herniation
	Posterior (Tectal) Herniation
	Central (Axial) Herniation
	Tonsillar Herniation


	Significance of Extracranial Injury
	Systemic Hypotension
	Systemic Hypoxia
	Other Causes of Secondary Cerebral Damage
	Pyrexia
	Anemia
	Hyperglycemia
	Hypomagnesemia
	Injuries to the Scalp and Skull


	Basic Concepts of Therapy for Severe Head Injury
	Intracranial Pressure Management
	Reducing Cerebral Blood Volume
	Reducing Cerebrospinal Fluid Volume

	Cerebral Perfusion Pressure Management
	Hemoglobin, Hematocrit, and Blood Viscosity
	Brain Protection: Barbiturate Coma and Hypothermia

	Conclusion
	Suggested Readings
	References


	Chapter 346
	347 Mild Traumatic Brain Injury in Adults and Concussion in Sports
	Definitions
	Epidemiology
	Concussion Diagnosis
	Signs and Symptoms of Concussion
	On-Field Assessment of Acute Concussion and Sideline Assessment Tools
	Adjuncts to the Clinical Assessment of Concussion
	Neuropsychologic Testing
	Advanced Neuroimaging
	Cerebrospinal Fluid and Serum-Based Biomarkers of Injury
	American Academy of Neurology Guideline Recommendations


	Concussion Management
	American Academy of Neurology Guideline Recommendations

	Outcomes
	Postconcussion Syndromes
	Cumulative Effects of Repetitive Mild Traumatic Brain Injury

	Suggested Readings
	References


	Chapter 347
	348 Initial Resuscitation, Prehospital Care, and Emergency Room Care in Traumatic Brain Injury
	Prehospital Management
	General Trauma Resuscitation and the Trauma Team
	Primary Survey
	A (Airway)
	B (Breathing)
	C (Circulation)
	D (Disability)
	E (Exposure)

	Secondary Survey and Neurological Assessment
	History
	Examination
	Coma Scales

	Radiographic Evaluation
	Computed Tomography
	Plain Radiographs
	Magnetic Resonance Imaging
	Cerebral Angiography

	Acute Trauma Management
	Moderate and Severe Traumatic Brain Injury Management
	Mild Traumatic Brain Injury Management
	Specialized Traumatic Brain Injury Management

	Conclusion
	Suggested Readings
	References


	Chapter 348
	349 Critical Care Management of Traumatic Brain Injury
	Traumatic Brain Injury: Classification
	Pathophysiology of Traumatic Brain Injury
	Primary Brain Injury
	Diffuse Axonal Injury
	Hematomas/Contusions

	Secondary Brain Injury
	Traumatic Brain Swelling/Intracranial Hypertension
	Hypoperfusion and Outcome.
	Vasospasm and Head Injury Outcome.



	Neurological Intensive Care Monitoring
	Monitoring Neurological Status
	Monitoring for Secondary Injury Processes: Intracranial Hypertension
	Normal Values of Intracranial Pressure
	Indications for Intracranial Pressure Monitoring

	Monitoring for Secondary Injury Processes: Cerebral Ischemia
	Cerebral Perfusion Pressure
	Transcranial Doppler Flow Velocity
	Jugular Venous Oxygen Saturation
	Side of Catheterization.
	Normal Sjvo2.
	Complications.

	Brain Tissue Po2
	Cerebral Microdialysis

	Monitoring for Secondary Ischemic Insults
	Monitoring for Cerebral Causes of Secondary Ischemic Insults
	Intracranial Hypertension.
	Seizures.
	Electrophysiologic Monitoring.

	Monitoring for Systemic Causes of Secondary Insults
	Hypotension.
	Hypocapnia.
	Hypoxia.
	Anemia.
	Fever.



	Neurological Intensive Care Management
	Approaches to the Management of Traumatic Brain Injury
	General Measures to Minimize Intracranial Hypertension/Improve Cerebral Perfusion
	Minimize Venous Outflow Resistance: Head Elevation and Head Position
	Sedation/Analgesia
	Treatment of Systemic Hypertension
	Airway Protection/Controlled Ventilation
	Treatment of Fever
	Prevention of Seizures

	Other General Measures
	Prevention of Hospital-Acquired Infections: Ventilator-Associated Pneumonia
	Prophylaxis for Thromboembolism
	Prophylaxis for Gastric Ulcers
	Nutritional Support
	Management of Fluid and Electrolytes
	Maintenance Fluids.
	Hyponatremia Syndromes.
	Hypernatremia–Diabetes Insipidus.
	Hyperglycemia.

	Hypopituitarism
	Timing of Surgery for Other Injuries

	Treatment of Secondary Injury Processes: Intracranial Hypertension
	Pharmacologic Paralysis
	Hyperventilation
	CSF Drainage
	Osmotherapy
	Hyperosmolar Therapy: Mannitol versus Hypertonic Saline (Update).

	Barbiturate Coma
	Hypothermia
	Decompressive Craniectomy

	Treatment of Secondary Ischemic Processes: Cerebral Ischemia
	Treatment of Secondary Ischemic Insults
	Treatment of Hypotension
	Treatment of Hypoxia
	Treatment of Anemia
	Treatment of Seizures
	Treatment of Cerebral Vasospasm


	Suggested Readings
	References


	Chapter 349
	350 Physiologic Monitoring for Traumatic Brain Injury
	Intracranial Pressure Monitoring
	How Common Is Increased Intracranial Pressure in Severe Traumatic Brain Injury Patients?
	Which Patients Should Undergo Intracranial Pressure Monitoring?
	What Monitoring Device Should Be Used?
	What Is the Threshold Above Which Interventions to Lower Intracranial Pressure Should Be Initiated?
	Does Monitoring for and Treating Intracranial Pressure Elevation in a Systematic Manner Influence Outcome?
	Cerebral Perfusion Pressure
	Relationship Between Intracranial Pressure and Mean Arterial Pressure
	Monitoring of Intracranial Compliance and Elastance

	Multimodal Monitoring
	Monitoring Brain Oxygenation
	Jugular Venous Saturation and Arteriovenous Oxygen Content Difference
	Brain Tissue Oxygen Tension

	Cerebral Blood Flow Monitoring
	Transcranial Doppler Ultrasonography
	Thermal Diffusion Flowmetry
	Laser Doppler Flowmetry

	Cerebral Metabolic Monitoring: Cerebral Microdialysis
	Future Directions in Cerebral Monitoring: Bioinformatics
	Conclusion
	Suggested Readings
	References


	Chapter 350
	351 Surgical Management of Traumatic Brain Injury
	Indications for Evacuation of Traumatic Intracranial Hematomas
	Acute Subdural Hematoma
	Epidural Hematoma
	Intraparenchymal Hematoma

	Surgical Considerations
	Timing of Surgery
	Craniotomy versus Craniectomy
	Craniotomy Size
	Anesthesia Considerations
	Positioning

	Surgical Procedures
	Bur Holes
	Craniotomy
	Acute Subdural
	Skin Incision.
	Bone Flap.
	Dural Opening.
	Hematoma Evacuation.
	Closure.

	Epidural Hematoma
	Intraparenchymal Hemorrhage and Contusion
	Complications
	Intraoperative Complications.
	Postoperative Complications.



	Conclusion
	Suggested Readings
	References


	Chapter 351
	352 Traumatic and Penetrating Head Injuries
	Pathology
	Ballistics, Wounding Energy, and Overpressure Injuries
	Management: Natural History, Presentation, Diagnosis, and Imaging Studies
	Presentation and Diagnosis
	Imaging Studies
	Computed Tomography
	General Injury Profile.
	Vascular Injury Profile.
	Involvement of Air Sinuses and Mastoid Air Cells.
	Retained Fragments.
	Prognosticating Tool.
	Surgical Planning.

	Conventional Angiography
	Transcranial Doppler Ultrasound
	Pupillometry


	Medical Management
	Management of Intracranial Pressure
	Surgical Management
	Microbiology
	Deep Infections

	Role of Débridement and Repair of the Scalp, Devitalized Brain, Retained Fragments, and Antibiotic Prophylaxis
	Craniectomy versus Craniotomy
	Débridement and Watertight Closure of the Dura Mater
	Repair of the Skull Base

	Complications
	Vascular Injuries with Civilian or Wartime Penetrating Brain Injury
	Posttraumatic Epilepsy

	Prognosis
	Cranioplasty
	Suggested Readings
	References


	Chapter 352
	353 Blast-Induced Neurotrauma
	Physics of Blast
	Blast-Brain Interaction
	Pathobiology of Blast-Induced Neurotrauma
	Phase Ia: Activation of Primary Brain Injury Mechanisms
	Phase Ib: Activation of the Autonomic Nervous System
	Phase Ic: Vascular Response
	Phase II: Early Activation of Secondary Brain Injury Mechanisms
	Phase III: Chronic Consequences of Blast-induced Neurotrauma

	Modifying Potential of Systemic Changes Caused by Blast
	Air Emboli
	Systemic Inflammation

	Blast-Induced Neurotrauma Versus Traumatic Brain Injury
	Diagnosis of Blast-Induced Neurotrauma
	Clinical Management of Severe Blast-Induced Neurotrauma
	Conclusion
	Suggested Readings
	References
	E-Appendix 353-1
	Blast-Induced Neurotrauma: A Presentation of Models and Outcomes
	Types and Mechanisms of Blast Injury
	Blast Injury Models

	Case Example
	Blast-Induced Cerebral and Systemic Inflammation Contributing to Neurodegeneration
	Conclusion



	Chapter 353
	354 Indications and Techniques for Cranial Decompression after Traumatic Brain Injury
	Abstract
	Key Words
	Background
	Indications
	Technique
	Complications
	Outcomes
	Conclusion
	Suggested Readings
	References


	Chapter 354
	355 Craniofacial Injuries
	Epidemiology
	Functional Anatomy
	The Anterior Cranium
	The Facial Skeleton
	The Orbit
	The Paranasal Air Sinuses
	Frontal Sinuses
	Ethmoid Sinuses
	Sphenoid Sinuses
	Maxillary Sinuses


	Pathophysiology
	The Cranial Cavity
	The Brain
	Olfactory Nerve
	Optic Nerve

	The Globe and Orbit
	Oculomotor Nerves
	Other Cranial Nerves

	Mechanisms of Injury
	Frontal Impact
	Penetrating and Missile Wounds
	Crushing Injury
	Associated Injuries

	Initial Management
	Specific Acute Problems With Craniofacial Injuries
	Airway
	Breathing
	Securing the Airway.

	Circulation


	Clinical Assessment
	Neurological
	The Face

	Investigations
	Early Imaging
	Computed Tomography
	Angiography

	Later Imaging
	Standard Radiographic Projections
	Computed Tomography
	Three-Dimensional Computed Tomography Reconstructions.

	Magnetic Resonance Imaging


	Management
	Cranial Injury
	Priorities in Managing the Craniofacial Injury

	Orbital Injury
	Injury to the Globe
	Optic Nerve Injury


	Definitive Repair
	Priorities and Staging of Procedures
	Timing of Repair

	Surgical Principles
	Craniofacial Exposures
	The Bicoronal Scalp Flap

	Bone Grafting
	Donor Sites


	Specific Fracture Patterns
	Fractures Involving the Frontal Sinus
	Naso-Orbitoethmoid Fractures
	Operative Management

	Fractures of the Zygoma
	Treatment

	Orbital Injury
	Fracture of the Mandible
	Maxillary Fracture Patterns
	Clinical Assessment
	Management


	Multiple and Panfacial Fractures
	Clinical Assessment
	Radiologic Assessment
	Treatment
	Sequence of Repair
	Sagittal Fractures of the Midface


	Infancy and Childhood
	General Principles

	Senescence
	Gunshot Wounds
	Management
	Timing of Repair

	Soft Tissue Injury
	Puncture Wounds

	Complications
	Dural Fistula
	Infection
	Vascular Injury
	Carotid Artery–Cavernous Sinus Fistulas
	Clinical Assessment.

	Internal Carotid Artery Injury

	Enteric Tubes

	Impairments and Disabilities
	Neuropsychological
	Chronic Facial Pain
	Anosmia

	Suggested Readings
	References


	Chapter 355
	345 Advanced Structural and Functional Imaging of Traumatic Brain Injury
	Types of Structural and Functional Imaging Techniques to Study Brain Connectivity After Traumatic Brain Injury
	Diffusion Tensor Imaging
	Functional Magnetic Resonance Imaging
	Seed-Based Techniques
	Independent Component Analysis
	Graph Theory


	Structural Imaging Findings in Traumatic Brain Injury
	Functional Imaging Findings in Traumatic Brain Injury
	Suggested Readings
	References


	Chapter 356
	356 Prognosis after Traumatic Brain Injury
	Methodologic Issues in Prognostic Studies
	Study Design and Sample Size
	Predictors
	Missing Data
	Outcome Measures for Prognostic Studies in Traumatic Brain Injury
	Approaches to Prognostic Analysis
	Building Blocks for Prognostic Analysis
	Genetic Constitution
	Demographic Factors
	Clinical Severity
	Secondary Insults
	Structural Abnormalities
	Laboratory Parameters
	Mild Traumatic Brain Injury

	Prognostic Models
	Future Directions
	Suggested Readings
	References


	Chapter 357
	357 Traumatic Cerebrospinal Fluid Fistulas
	Epidemiology
	Pathophysiology
	Blunt Injury
	Anterior Fossa
	Middle and Posterior Fossae

	Oculorhinorrhea
	Penetrating Injury and Gunshot Wounds
	Cerebrospinal Fluid Fistulas After Endoscopic Sinus Surgery
	Cerebrospinal Fluid Fistulas in Children
	Time of Onset of Leakage of Cerebrospinal Fluid After Trauma
	Early Onset
	Delayed Onset or Recurrence
	Very-Late-Onset Cerebrospinal Fluid Leakage or Infection

	Cranioaural Fistula
	High- and Low-Pressure Leaks
	Intracranial Air (Pneumocephalus)

	Clinical Features
	History
	Examination

	Investigation
	Identifying Cerebrospinal Fluid
	Bedside Tests
	Laboratory Tests
	β2-Transferrin.
	Glucose and Chlorine Concentration.


	Locating the Fistula
	Computed Tomography
	Soft Tissue Scans.

	Magnetic Resonance Imaging
	Tracer Studies
	Intrathecal Fluorescein.
	Computed Tomographic Cisternography.
	Magnetic Resonance Imaging With Intrathecal Gadolinium Enhancement.



	Management
	Infection
	Antibiotic Prophylaxis
	Choice of Prophylactic Antibiotics


	Definitive Treatment
	Conservative Care Versus Surgery
	Timing of Surgery
	Early Surgery
	Delayed Surgery

	Types of Repair
	Intracranial Repair of Anterior Fossa Fistulas
	Patient Positioning and Exposure.

	Operative Procedure
	Postoperative Care

	Intracranial Repair of Frontal Sinus Fractures
	Intracranial Repair of Middle Fossa Leaks
	Patient Positioning and Exposure
	Operative Procedure

	Intracranial Repair of Posterior Fossa Leaks
	Cerebrospinal Fluid Shunting
	Endoscopic Repair
	Cribriform Plate/Anterior Skull Base
	Sphenoid Sinus and Posterior Ethmoid Sinus
	Frontal Sinus

	Site Preparation and Grafts

	Conclusion
	Acknowledgments
	Suggested Readings
	References


	Chapter 358
	358 Rehabilitation of Patients with Traumatic Brain Injury
	Role of Rehabilitation
	Mechanisms of Recovery After Traumatic Brain Injury
	Cognitive Dysfunction in Traumatic Brain Injury
	Fundamental Basis of Cognition
	Reaction Time
	Working Memory
	Unawareness of Deficits

	Major Domains of Cognition
	General Intelligence
	Memory
	Spatial Cognition
	Executive Functions

	Treatment of Cognitive Dysfunction
	Nonpharmacologic Therapy
	Errorless Learning.
	Metacognitive Training.
	Physical Paradigms.
	Other Therapy Protocols.

	Pharmacologic Therapy
	Amantadine.
	Methylphenidate.
	Atomoxetine.
	Donepezil and Other Cholinergic Medications.
	Selective Serotonin Reuptake Inhibitors.
	Modafinil.
	Warnings.



	Agitation and Aggression
	Treatment

	Sleep Disturbance
	Assessment
	Treatment

	Depression
	Neuroanatomy
	Treatment

	Apathy
	Upper Motor Neuron Sequelae
	Spasticity
	Mechanisms
	Assessment
	Treatment
	Physical Modalities.
	Medications.
	Chemical Blocks.
	Surgical Intervention.


	Bowel and Bladder Incontinence
	Bowel Incontinence
	Urinary Incontinence

	Dysphagia
	Mechanisms
	Counseling the Patient’s Family
	Assessment
	Treatment
	Outcomes


	General Supportive Measures
	Nutrition
	Metabolism
	Route
	Timing

	Venous Thromboembolism Prophylaxis in Traumatic Brain Injury
	Screening
	Prophylaxis
	Treatment


	Pain Syndromes
	Headache
	Definition
	Incidence
	Mechanisms
	Clinical Features
	Treatment

	Neuropathic Pain
	Mechanisms
	Clinical Presentation
	Treatment

	Peripheral Neuropathy
	Complex Regional Pain Syndrome
	Etiology
	Diagnosis
	Treatment
	Pharmacotherapy
	Interventions


	Specific Syndromes
	Posttraumatic Hydrocephalus
	Definition and Epidemiology
	Symptoms
	Investigations
	Treatment

	Heterotopic Ossification
	Clinical Features
	Pathogenesis
	Investigation
	Treatment

	Paroxysmal Sympathetic Hyperactivity
	Definition
	Incidence and Effects
	Mechanisms
	Symptoms
	Treatment


	The Future of Rehabilitation
	Suggested Readings
	References


	Section XII

	Overview and Controversies
	Management Strategies for Subarachnoid Hemorrhage and Unruptured Lesions
	Clipping Versus Coiling for Aneurysmal Subarachnoid Hemorrhage
	Observation Versus Intervention for Unruptured Aneurysms
	Observation Versus Intervention for Unruptured Arteriovenous Malformations

	Management Strategies for Ruptured Arteriovenous Malformations
	Observation Versus Intervention of Brainstem Cavernomas
	Surgical Options for the Management of Spontaneous Intracranial Hemorrhage
	Medical Treatment Versus Intervention for Asymptomatic Carotid Stenosis
	Carotid Endarterectomy Versus Stenting for Carotid Stenosis
	Endovascular Management of Large-Vessel Occlusion
	Intra-Arterial Vasodilator Therapy Versus Angioplasty for Cerebral Vasospasm
	Decompressive Craniectomy for Large-Territory Infarction
	Extracranial-Intracranial Bypass
	Evidence-Based Cerebrovascular Surgery

	References


	Chapter 359
	359 Cerebral Blood Flow and Metabolism and Cerebral Ischemia
	Cerebral Metabolism
	Overview
	Cerebral Metabolic Rate
	Energy Capture and Transfer
	Choice of Metabolic Substrates
	Metabolism of Glucose
	Glucose and Oxygen Delivery
	Energy Production From Glucose
	Other Metabolic Fates of Glucose
	Amino Acid and Neurotransmitter Synthesis
	Glycerol Synthesis
	Pentose Phosphate Pathway
	Storage as Glycogen

	Metabolic Contributions of Brain Structural Elements
	Neurons
	Astrocytes
	Blood-Brain Barrier


	Cerebral Blood Flow
	Hemodynamics
	Hemorheology
	Relationship Between Cerebral Blood Flow and Intracranial Pressure
	Regulation of Cerebral Blood Flow
	Major Mediators
	Nitric Oxide.
	Eicosanoids.
	Endothelium-Derived Hyperpolarizing Factor.
	Endothelins.
	Adenosine.
	Potassium Ions.
	Hydrogen Ions.

	Cerebral Autoregulation
	Mechanisms.

	Regulation of Cerebral Blood Flow by Blood Gases
	Carbon Dioxide.
	Oxygen.


	Cerebral Neurovascular Coupling
	Mechanisms


	Clinical Measurement of Cerebral Blood Flow and Metabolism
	Historical Background
	Clinical Techniques
	Inert Nondiffusible Tracer Techniques
	Stable Xenon-Enhanced Computed Tomography.
	Computed Tomographic Perfusion Imaging.

	Single-Photon Emission Computed Tomography
	Positron Emission Tomography
	Magnetic Resonance Imaging and Spectroscopy


	Cerebral Ischemia
	Global Versus Focal Cerebral Ischemia
	Flow Thresholds and the Origin of the Concept of the Penumbra
	Further Characterization of the Ischemic Penumbra
	Mechanisms of Ischemic Brain Injury
	Regulation of Cellular Calcium
	Depletion of Adenosine Triphosphate and Terminal Depolarization
	Acidosis
	Glutamate-Dependent and Glutamate-Independent Cellular Calcium Overload
	Activation of Inflammation
	Enhanced Activity of Free Radical Species
	DNA Damage
	Generation of Lipid Mediators
	Proteolysis by Calpains and Cathepsins
	Secondary Energy Failure

	Modes of Neuronal Death in Ischemia
	Apoptosis
	Mechanisms of Apoptosis.
	Intrinsic Pathway: Mitochondrial Release of Proapoptotic Molecules.
	Extrinsic Pathway: Signaling Through Cell Surface Receptors.

	Necrosis
	Mitochondrial Permeability Transition Pore–Dependent Necrosis.
	Poly(ADP-Ribose) Polymerase–Dependent Necrosis.

	Necroptosis
	Autophagy
	Integrating the Many Ways to Die


	Conclusion
	Suggested Readings
	References


	Chapter 360
	360 Acute Medical Management of Ischemic and Hemorrhagic Stroke
	Epidemiology
	Pathophysiology of Ischemic Stroke
	Pathophysiology of Hemorrhagic Stroke
	Patient Evaluation
	Reperfusion
	Intravenous Thrombolytics
	Intra-arterial Thrombolysis
	Mechanical Clot Removal

	Stroke Management
	Blood Pressure
	Antiplatelet Therapy
	Anticoagulants
	Temperature

	Surgery
	Management for Intracranial Hemorrhage

	Suggested Readings
	References


	Chapter 361
	361 Acute Surgical and Endovascular Management of Ischemic and Hemorrhagic Stroke
	Ischemic Stroke
	Limitations of Medical Therapy
	Endovascular Therapy for Stroke
	Intraarterial Thrombolysis
	Endovascular Thrombectomy
	Patient Selection for Endovascular Therapy
	Core Size.
	Presence and Location of Occlusion.

	Predictors of Success in Endovascular Therapy
	Speed of Recanalization.
	Quality of Recanalization.

	Clot Retrieval Devices
	Systems of Care: Patient Selection, Transport, and Team Preparation
	Technical Aspects of Thrombectomy

	Decompression for Malignant Cerebral Edema
	Strokectomy
	Posterior Fossa Decompression for Cerebellar Stroke
	Conclusion

	Hemorrhagic Stroke
	Pathophysiology
	Historical Perspectives
	Craniotomy for Intracranial Hemorrhage
	Craniotomy and Clot Evacuation
	Decompressive Craniectomy
	Posterior Fossa Intracerebral Hemorrhage

	Minimally Invasive Treatment of Intracerebral Hemorrhage
	Management of Intraventricular Hemorrhage
	Conclusion

	Suggested Readings
	Endovascular Mechanical Thrombectomy: ESCAPE Trial
	Endovascular Mechanical Thrombectomy: EXTEND IA Trial
	Endovascular Mechanical Thrombectomy: MR CLEAN Trial
	Hemicraniectomy for Stroke: Pooled Analysis of HAMLET, DESTINY, and DECIMAL
	Craniotomy for Intracranial Hemorrhage: STICH II

	References


	Chapter 362
	362 Intraoperative Cerebral Protection
	Pathophysiology of Ischemic Injury
	Cerebral Blood Flow
	Ischemic Penumbra
	Energy Failure
	Altered Calcium Homeostasis and Excitotoxicity

	Free Radicals
	Free Fatty Acids
	Inflammatory Response
	Cell Death
	Integration of Cellular Injury Mechanisms

	Cerebroprotective Strategies for Focal Ischemia
	Limiting the Duration of Ischemia
	Augmentation of Cerebral Blood Flow
	Prevention of Iatrogenic Ischemia (Intraoperative Cerebral Blood Flow Monitoring)
	Reduction of Metabolic Activity
	Hypothermia
	Anesthesia (Barbiturates, Etomidate, and Propofol)
	Serum Glucose Modulation

	Cytoprotective Agents
	Calcium Channel Blockers
	Glutamate Antagonists
	Nitric Oxide Synthase Inhibitors
	Nicardipine
	Statins
	Endogenous Factors
	Other Cytoprotective Agents


	Surgical Protocol
	Conclusion
	Suggested Readings
	References


	Chapter 363
	363 Diagnostic and Therapeutic Neurosonology
	Background and Principles of Ultrasonography
	History of Doppler Ultrasound
	B-Mode Ultrasonography

	Intraoperative Ultrasonography
	Duplex Ultrasonography
	Transcranial Doppler Ultrasonography

	Applications of Duplex Scanning in Cerebrovascular Disease
	Applications of Transcranial Doppler Ultrasonography in Stroke and Cerebrovascular Disease
	Intracranial Stenosis
	Intracranial Hemodynamics
	Cerebral Autoregulation
	Positional Vertebral Artery Obstruction
	Intracranial Emboli

	Applications of Transcranial Doppler Imaging in Neurosurgery and Neurocritical Care
	Effect of Vessel Narrowing from Subarachnoid Hemorrhage on Blood Flow Velocity
	Predictive Value of Transcranial Doppler Ultrasonography in Vasospasm
	Arteriovenous Malformations
	Detection of Intracranial Aneurysms
	Monitoring during Carotid Endarterectomy
	Posttraumatic Vasospasm
	Vascular Dissection
	Transcranial Doppler Ultrasonography Findings with Increased Intracranial Pressure
	Transcranial Doppler Ultrasonography as a Confirmatory Test for Brain Death

	Therapeutic Neurosonology
	Transcranial Sonothrombolysis for Acute Ischemic Stroke
	Magnetic Resonance Imaging–Guided Focused Ultrasound
	Minimally Invasive, Catheter-Delivered Ultrasound and Tissue Plasminogen Activator for the Treatment of Intracerebral Hemorrhage

	Conclusion
	Suggested Readings
	References


	Chapter 364
	364 Neurovascular Imaging
	Computed Tomography–Based Techniques
	Computed Tomographic Angiography
	Technique
	Clinical Applications
	Cerebral Aneurysm.
	Acute Ischemia.
	Chronic Ischemia and Carotid Stenosis.
	Other.


	Computed Tomographic Perfusion
	Technique
	Clinical Application: Acute Stroke

	Xenon-Enhanced Computed Tomography
	Technique
	Clinical Applications
	Acute Stroke.
	Chronic Ischemia.
	Vasospasm.
	Balloon Occlusion Testing.


	Single-Photon Emission Computed Tomography
	Technique
	Clinical Applications


	Magnetic Resonance Imaging–Based Techniques
	Magnetic Resonance Angiography
	Technique
	Time of Flight.
	Phase Contrast.
	Contrast Enhanced.
	Magnetic Resonance Perfusion and Diffusion Imaging.

	Clinical Applications
	Cerebral Aneurysm.
	Aneurysm Screening and Pretreatment Evaluation.
	Aneurysm Screening and Pretreatment Evaluation.

	Arteriovenous Malformations.
	Dural Arteriovenous Fistulas.
	Extracranial Atherosclerotic Disease.
	Intracranial Atherosclerotic Disease.
	Other.



	Intraoperative Imaging
	Indocyanine Green-Based Video Angiography
	Intraoperative Angiography
	Intraoperative Magnetic Resonance Imaging

	Acknowledgments
	Suggested Readings
	References


	Chapter 365
	365 The Natural History and Medical Management of Carotid Occlusive Disease
	Pathologic Mechanisms of Atherosclerosis
	Clinical Manifestations of Atherosclerosis
	Natural History of Extracranial Carotid Disease
	Medical Management of Extracranial Carotid Disease
	Risk Factors
	Platelet Antiaggregant Therapy

	Procedural Management of Extracranial Carotid Disease
	Suggested Readings
	References


	Chapter 366
	366 Carotid Endarterectomy
	History
	Preoperative Evaluation
	Symptomatic Patients
	Asymptomatic Patients

	Surgical Indications and Decision Making
	Symptomatic Patients
	Asymptomatic Patients
	Contralateral Stenosis

	Carotid Artery Stenting
	Surgical Technique
	Preoperative Evaluation
	Anesthesia
	Positioning and Exposure
	High Bifurcation Exposure
	Endarterectomy
	Shunting
	Primary Closure of the Arteriotomy
	Patch Closure of the Arteriotomy
	Closure
	Postoperative Care

	Complications
	Conclusion
	Suggested Readings
	References


	Chapter 367
	367 Carotid Artery Angioplasty and Stenting
	Abstract
	Historical Perspective
	Carotid Endarterectomy Trials
	Data From Studies of Carotid Artery Stenting
	Indications for Carotid Angioplasty and Stenting
	Procedural Technique
	Device Selection
	Periprocedural Management
	Procedural Durability
	Complications and Their Management
	Risk Stratification
	Complications Associated With Steps and Tools of Carotid Angioplasty and Stenting
	Femoral Artery Access
	Aortic or Brachiocephalic Access
	Direct Carotid Access
	Guide Catheter Placement
	Embolic Protection
	Angioplasty
	Stent-Associated Complications
	Complications Related to Protection Device Capture

	Intracranial Complications
	Systemic Complications

	New Frontiers
	Nonatherosclerotic Carotid Artery Disease
	Dissection
	Fibromuscular Dysplasia
	Carotid Pseudoaneurysm and Aneurysm
	Acute Carotid Occlusion
	Intraluminal Thrombus


	Conclusion
	Acknowledgments
	Suggested Readings
	References


	Chapter 368
	368 Blunt Cerebrovascular Injury
	Key Words
	Epidemiology
	Pathophysiology
	Injury to Arterial Wall
	Cerebral Ischemia and Infarction
	Traumatic Aneurysms

	Risk Factors and Screening Protocols
	Presentation
	Imaging
	Computed Tomography of Head and Neck
	Computed Tomographic Angiography of Head and Neck
	Cerebral Digital Subtraction Angiography
	Cerebral Magnetic Resonance Imaging
	Doppler Ultrasonography

	Injury Classification
	Management
	Antithrombotic Medications
	Endovascular Therapy
	Choice of Management Strategy

	Prognosis
	Conclusion
	Suggested Readings
	References


	Chapter 369
	369 Nonatherosclerotic Carotid Lesions
	Key Words
	Spontaneous Carotid Artery Dissection
	Clinical Presentation
	Angiographic Findings
	Noninvasive Imaging
	Treatment

	Extracranial Carotid Artery Aneurysms
	Clinical Presentation
	Treatment

	Fibromuscular Dysplasia
	Etiology
	Clinical Presentation
	Angiographic Findings
	Treatment

	Radiation Stenosis
	Clinical Evaluation
	Treatment

	Carotid Body Tumors
	Anatomy
	Histology
	Genetics
	Clinical Presentation
	Radiographic and Medical Evaluation
	Characteristics of Tumor Growth
	Metastasis
	Surgical Treatment

	Suggested Readings
	References


	Chapter 370
	370 Extracranial Vertebral Artery Diseases
	Key Words
	Historical Background
	Clinical Presentation
	Anatomy of the Extracranial Vertebral Artery
	First Vertebral Artery Segment (V1)
	Second Vertebral Artery Segment (V2)
	Third Vertebral Artery Segment (V3)

	Pathophysiology of Extracranial Vertebral Artery Disease
	Atherosclerosis
	Dissection
	Spontaneous
	Traumatic

	Compression
	Subclavian Steal Syndrome

	Diagnostic Evaluation
	History and Physical Examination
	Routine Laboratory and Cardiac Testing
	Audiometric and Vestibular Tests
	Noninvasive Anatomic Imaging Techniques
	Cerebral Angiography
	Hemodynamic Evaluation

	Medical Management
	Atherosclerotic Disease
	Antiplatelet Therapy
	Statin Therapy

	Dissection
	Anticoagulation Therapy
	Thrombolysis

	Compression

	Endovascular Management
	Atherosclerotic Disease
	Dissection
	Compression

	Surgical Management
	Surgery of the First Vertebral Artery (V1) Segment
	Approach to the Proximal Vertebral Artery
	Transposition of Proximal Vertebral Artery to Common Carotid Artery
	Alternative Transpositions and Vein Graft to the Proximal Vertebral Artery
	Subclavian-Vertebral Endarterectomy
	Decompression of the Proximal Vertebral Artery

	Surgery of the Second Vertebral Artery (V2) Segment
	Approach to the Proximal V2 Segment (C6)
	Approach to the Mid V2 Segment (C2-5)
	Approach to the Distal V2 Segment (C1-2)
	Decompression of the V2 Segment
	Revascularization to the V2 Segment Using Transpositions
	Revascularization to the V2 Segment Using Vein Grafts

	Surgery of the Third Vertebral Artery (V3) Segment
	Approach to the V3 Segment
	Decompression of the V3 Segment
	Revascularization to the V3 Segment


	Conclusion
	Suggested Readings
	References


	Chapter 371
	371 Microsurgical Management of Intracranial Occlusion Disease
	Epidemiology
	Pathophysiology
	Natural History
	Risk Factors/Progression
	Radiographic Evaluation
	Patency of Vessels
	Perfusion

	Treatment
	Medical Management
	Microsurgical Treatment
	Operative Technique
	Flow-Assisted Surgical Technique
	Additional Techniques

	Outcomes
	Conclusion
	Suggested Readings
	References


	Chapter 372
	372 Endovascular Management of Intracranial Occlusion Disease
	Key Words
	Background
	Intra-Arterial Thrombolysis
	First-Generation Thrombectomy Devices
	Second-Generation Thrombectomy Devices
	Latest Generation Devices: Stent Retrievers
	Challenges to Mechanical Thrombectomy
	Time Limitations in Acute Thrombectomy
	Newest Trials in Mechanical Thrombectomy for Stroke
	Conclusion
	Suggested Readings
	References


	Chapter 373
	373 Adult Moyamoya Disease
	Key Words:
	Epidemiology
	Pathophysiology and Etiology
	Clinical Findings
	Neuroimaging
	Treatment
	Surgical Treatment
	Direct Revascularization of the MCA Territory: Microvascular Technique for STA-MCA Bypass
	Direct Revascularization of the ACA and PCA Territories: Microvascular Technique for STA-ACA Bypass and Occipital Artery−PCA Bypass
	Indirect Bypass Techniques

	Perioperative Management

	Prognosis
	Conclusion
	Acknowledgments
	Suggested Readings
	References


	Chapter 374
	374 Cerebral Venous and Sinus Thrombosis
	History and Clinical Significance
	Pathogenesis
	Incidence
	Clinical Presentation
	Diagnostic Evaluation
	Treatment
	Antithrombotics
	Systemic Thrombolytics
	Interventional Neuroradiology

	Surgery
	Treatment Guidelines
	Outcome
	Conclusion
	Suggested Readings
	References


	Chapter 375
	375 Nonlesional Spontaneous Intracerebral Hemorrhage
	Key Words
	Primary Spontaneous Intracerebral Hemorrhage: Pathophysiology, Clinical Course, and Treatment
	Historical Perspective
	Epidemiology

	Prognosis
	Pathophysiology
	Hypertension
	Cerebral Amyloid Angiopathy
	Systemic Anticoagulation and Antiplatelet Therapy
	Drug Abuse

	Hematoma Location and Clinical Presentation
	Putaminal Hemorrhage
	Thalamic Hemorrhage
	Caudate Hemorrhage
	Lobar Hemorrhage
	Cerebellar Hemorrhage
	Brainstem Hemorrhage
	Intraventricular Hemorrhage

	Medical Management
	Hypertension
	Blood Glucose Control
	Systemic Anticoagulation
	Antiplatelet Agents
	Intracranial Pressure
	Antiepileptic Medications
	Systemic Complications

	Surgical Management
	International Surgical Trial in Intracerebral Hemorrhage (STICH)
	STICH II
	Endoscopic Evacuation
	Stereotactic Aspiration
	Minimally Invasive Surgery Plus rt-PA for Intracerebral Hemorrhage Evacuation (MISTIE) Trial
	Decompressive Hemicraniectomy With or Without Hematoma Evacuation

	Management of Cerebellar Hematomas
	Surgical Technique
	Craniotomy


	Management of Intraventricular Hemorrhage
	Clot Lysis: Evaluating Accelerated Resolution of Intraventricular Hemorrhage (CLEAR) Trials
	CLEAR
	CLEAR III


	Conclusion
	Suggested Readings
	References


	Chapter 376
	376 Genetics of Intracranial Aneurysms
	Evidence for Genetic Predisposition
	Systemic Heritable Disorders Associated With Intracranial Aneurysm
	Autosomal Dominant Polycystic Kidney Disease
	Ehlers-Danlos Syndrome
	Marfan’s Syndrome
	Loeys-Dietz Syndrome
	Alagille’s Syndrome
	Neurofibromatosis Type 1

	Approaches to Study the Contribution of Genetic Factors to Pathophysiology of Intracranial Aneurysm
	Inherited Susceptibility to Intracranial Aneurysms
	Genome-Wide Linkage Analysis for Identification of Very Rare Alleles
	Genome-Wide Association Study for Common Variants in the General Population
	Genome-Wide Association Studies of Intracranial Aneurysms
	Intracranial Aneurysm–Associated Genes Found in Genome-Wide Association Studies
	Resequencing for Identification of Rare IA Variants in Intracranial Aneurysm

	Conclusion
	Suggested Readings
	References


	Chapter 377
	377 The Natural History of Cerebral Aneurysms
	Natural History of Unruptured Aneurysms
	Prevalence of Unruptured Aneurysms
	Risk Factors Associated with Prevalence

	Rupture Rate of Unruptured Aneurysms
	Factors Associated with Rupture
	Patient-Related Factors
	Gender
	Age
	Systemic Hypertension
	Cigarette Smoking
	Alcohol, Diabetes Mellitus, and Other Metabolic Factors
	Sentinel Headaches
	Genetic and Molecular Factors

	Aneurysm-Related Factors
	Size
	Wall Stress
	Aneurysm Location
	Multiple Aneurysms
	Aneurysm Growth
	Symptomatic Aneurysms
	Inflammation



	Summary of the Natural History of Unruptured Aneurysms

	Natural History of Ruptured Intracranial Aneurysms
	Short-Term Outcome: Posthospitalization to 6 Months
	Patient-Related Factors
	Clinical Grade on Admission
	Gender
	Age
	Hypertension
	Time From Hemorrhage
	Molecular and Genetic Profiles
	Tobacco

	Aneurysm-Related Factors
	Aneurysm Location
	Rebleeding


	Late Follow-Up: After 6 Months
	Late Rebleeding
	Late Mortality
	Late Epilepsy

	Summary of the Natural History of Ruptured Aneurysms

	Suggested Readings
	References


	Chapter 378
	378 Pathobiology of Intracranial Aneurysms
	Pathobiologic Origins of Saccular Intracranial Aneurysms
	Histologic Features of Normal Intracranial Arteries
	Histologic Features of Intracranial Arteries from Patients with Aneurysms

	Mechanisms of Aneurysm Wall Degeneration and Rupture
	Proteolysis and Intracranial Aneurysms
	Apoptosis and Intracranial Aneurysms
	Inflammation and Intracranial Aneurysms
	Hemodynamic Stress and Intracranial Aneurysms
	Atherosclerosis and Intracranial Aneurysms
	Cell Adhesion and THSD1 Mutations

	Conclusion
	Suggested Readings
	References


	Chapter 379
	379 Surgical Decision Making for the Treatment of Intracranial Aneurysms
	Abbreviations Used
	Decision Making
	The Status of the Patient and Aneurysm Natural History
	Neuroradiologic Evaluation
	Unruptured and Ruptured Aneurysms: Impact on Decision Making

	The Unruptured Aneurysm
	Natural History
	Efficacy of Surgical Treatment for Unruptured Intracranial Aneurysms
	Surgical Risk for Unruptured Intracranial Aneurysms
	Factors That Are Associated with Surgical Outcome
	Which Patient with an Unruptured Intracranial Aneurysm Should Be Treated?

	The Ruptured Aneurysm
	Aneurysm Rebleeding
	Timing of Aneurysm Obliteration
	The Poor-Grade Patient
	Intracerebral Hemorrhage
	Acute Intraventricular Hemorrhage and Hydrocephalus
	Ruptured Aneurysms and Early Vasospasm
	Surgical Complications After Open Microsurgery for Ruptured Aneurysms

	Institutional Considerations in Surgical Decision Making for Cerebral Aneurysms
	Where Should Patients with Intracranial Aneurysms Be Managed?
	Training

	Special Circumstances
	Advanced Age
	Pregnancy
	Pediatric Aneurysms
	Infective Aneurysms
	Traumatic Aneurysms
	Aneurysms and Arteriovenous Malformations
	Coexistent Carotid Artery Disease
	Fusiform Aneurysms
	Microaneurysms or Blister Aneurysms
	Giant Aneurysms
	Cavernous Carotid Aneurysms
	The Residual or Recurrent Aneurysm

	Endovascular Aneurysm Occlusion
	Safety and Results of Endovascular Aneurysm Occlusion
	Long-Term Stability and the Implications of Residual Aneurysms
	Which Aneurysm Can Be Successfully Occluded Using Endosaccular Techniques?
	Endovascular Techniques After Subarachnoid Hemorrhage
	What Is the Role of Endovascular Techniques for Unruptured Aneurysms?
	Endovascular Techniques for Giant Aneurysms
	Collaboration and Comparison

	Suggested Readings
	References


	Chapter 380
	380 Perioperative Management of Subarachnoid Hemorrhage
	Definitions and Epidemiology
	Pathophysiology
	Intracranial Pressure
	Cerebral Blood Flow, Volume, and Metabolism
	Early Brain Injury and Delayed Cerebral Ischemia

	Patient Evaluation
	Diagnosis
	Computed Tomography
	Lumbar Puncture
	Magnetic Resonance Imaging and Magnetic Resonance Angiography
	Catheter Digital Subtraction Angiography and Computed Tomographic Angiography
	Clinical Grading

	General Management
	General Care
	Management of Blood Pressure

	Specific Complications of Subarachnoid Hemorrhage
	Rebleeding
	Hydrocephalus
	Intraventricular Hemorrhage and Increased Intracranial Pressure
	Intracerebral Hemorrhage
	Seizures

	Medical Complications
	Fever
	Anemia and Transfusion
	Blood Glucose
	Respiratory Complications
	Cardiovascular Complications
	Venous Thromboembolism
	Fluid and Electrolyte Disturbances
	Gastrointestinal Complications

	Postoperative Deterioration
	Special Considerations
	Follow-Up After Aneurysmal Subarachnoid Hemorrhage
	Recurrent Aneurysms and Subarachnoid Hemorrhage
	Outcome

	Suggested Readings
	References


	Chapter 381
	381 Medical Management of Cerebral Vasospasm
	Abstract
	Epidemiology of Vasospasm
	Prediction of Vasospasm
	Pathogenesis
	Smooth Muscle Contraction
	Endothelial Injury, Nitric Oxide, and Endothelin-1
	Inflammation, Vessel Remodeling, and Vasospasm
	Early Brain Injury

	Clinical Features and Investigation
	Symptoms, Signs, and Differential Diagnosis
	Diagnosis
	Transcranial Doppler
	Cerebral Blood Flow and Perfusion
	Near-Infrared Spectroscopy
	Microdialysis Monitoring
	Brain Tissue Oxygen
	Vascular Imaging

	Prevention of Vasospasm and Cerebral Protection
	General Measures: Fluid Management and Medical Treatment
	Investigational Preventive Treatments
	Prophylactic Balloon Angioplasty
	Clot Clearance
	Intrathecal Vasodilators
	Magnesium
	Endothelin Receptor Antagonists
	Statins
	Tirilazad Mesylate

	Reversal of Vasospasm and Cerebral Ischemia: Rescue Treatment
	Triple-H Therapy: Hypervolemia, Hypertension, and Hemodilution
	Intra-Aortic Balloon Counterpulsation
	Endovascular Reversal of Vasospasm
	Intravenous Milrinone and Other Reversal Therapies

	A Practical Approach to the Prevention and Treatment of Vasospasm
	Acknowledgments
	Suggested Readings
	References


	Chapter 382
	382 Endovascular Management of Cerebral Vasospasm
	Key Words
	Clinical Indications and Efficacy
	Techniques and Devices
	Diagnostic Angiography of the Symptomatic Territory
	Considerations for Balloon Choice
	Optimizing Balloon Inflation

	Complication Avoidance and Management
	Conclusion
	Suggested Readings
	References


	Chapter 383
	383 Surgical Approaches to Intracranial Aneurysms
	Basic Tenets of Cerebrovascular Surgery
	Brain Retraction and Relaxation
	Proximal and Distal Control

	Common Surgical Approaches to Intracranial Aneurysms
	Pterional (Frontotemporal) Craniotomy
	Positioning
	Skin and Soft Tissue Dissection
	Myocutaneous Flap.
	Submuscular Dissection.
	Subfascial Dissection.
	Interfascial Dissection.

	Craniotomy and Bone Dissection
	Dural Opening and Intracranial Dissection

	Orbitozygomatic Craniotomy
	Positioning
	Skin and Soft Tissue Dissection
	Craniotomy and Bone Dissection
	Dural Opening and Intracranial Dissection

	Anterior Interhemispheric Craniotomy
	Positioning
	Skin and Soft Tissue Dissection
	Craniotomy and Bone Dissection
	Dural Opening and Intracranial Dissection

	Subtemporal Craniotomy
	Positioning
	Skin and Soft Tissue Dissection
	Craniotomy and Bone Dissection
	Dural Opening and Intracranial Dissection
	Modifications

	Far Lateral Craniotomy
	Positioning
	Skin and Soft Tissue Dissection
	Craniotomy and Bone Dissection
	Dural Opening and Intracranial Dissection

	Transpetrous Approach
	Positioning
	Skin and Soft Tissue Dissection
	Craniotomy and Bone Dissection
	Dural Opening and Intracranial Dissection


	Suggested Readings
	References


	Chapter 384
	384 Microsurgery of Paraclinoid Aneurysms
	Key Words
	Anatomy
	Osseous Structures and Relationships
	Dural Structures and Relationships
	Neural Structures and Relationships
	Vascular Structures and Relationships
	Arterial Segments
	Arterial Bends and Branches


	Aneurysm Classification
	Clinoidal Segment Aneurysms
	Anterolateral Variant
	Medial Variant

	Ophthalmic Segment Aneurysms
	Ophthalmic Artery Aneurysms
	Superior Hypophyseal Artery Aneurysms
	Dorsal Variant Aneurysms


	Indication for Treatment
	Preoperative Evaluation
	Operative Procedure
	Positioning and Draping
	Scalp Flap and Craniotomy
	Removing the Anterior Clinoid Process
	Aneurysm Dissection and Clipping Techniques
	Clinoidal Segment Aneurysms
	Ophthalmic Segment Aneurysms


	Surgical Complications and Outcome
	Conclusion
	Suggested Readings
	References


	Chapter 385
	385 Intracranial Internal Carotid Artery Aneurysms
	Diagnostic Evaluation
	Operative Management
	Preoperative Care
	Intraoperative Management
	Postoperative Management

	Specific Aneurysm Location
	Aneurysms of the Posterior Communicating Artery
	Anatomy
	Presentation
	The Pterional Craniotomy
	Operative Technique.

	Specific Consideration: Selective Intradural Anterior Clinoidectomy

	Aneurysms of the Anterior Choroidal Artery
	Anatomy
	Presentation
	Operative Technique

	Aneurysms of the Internal Carotid Artery
	Bifurcation Aneurysms
	Anatomy.
	Presentation.
	Operative Technique.

	Ventral Internal Carotid Artery
	Trunk Aneurysms.
	Blood Blister–Like Aneurysms at Nonbranching Sites of the Internal Carotid Artery.



	Infundibulum
	Special Consideration: Minimally Invasive Surgery

	Intraoperative Aneurysm Rupture
	Outcome
	Conclusion
	Suggested Readings
	References


	Chapter 386
	386 Microsurgery of Anterior Communicating Artery Aneurysms
	Embryology of the Anterior Communicating Artery Region
	Microsurgery Anatomy of the A1 Segment–Anterior Communicating Artery–A2 Segment
	Nomenclature
	A1 Segment
	Anterior Communicating Artery
	A2 Segment
	Perforators of the A1 Segment, Anterior Communicating Artery, and A2 Segment
	Medial Striate Artery (Recurrent Artery of Heubner)
	Branches of the A2 Segment
	Arachnoid Cisterns of the A1 Segment–Anterior Communicating Artery–A2 Segment Region

	History of Surgical Approaches for Anterior Communicating Artery Aneurysms
	Clinical and Radiographic Presentation of Anterior Communicating Artery Aneurysm
	Operative Technique for Anterior Communicating Artery and Proximal Anterior Cerebral Artery Aneurysms
	Surgical Adjuncts
	Choice of the Side of the Craniotomy
	Head Position
	Incision
	Dissection of the Temporalis Muscle
	Frontosphenotemporal (Pterional) Craniotomy
	Drilling the Greater and Lesser Sphenoid Wings
	Dural Opening
	Sylvian Fissure Dissection
	Exposure of the Optic Nerve and Internal Carotid Artery
	Exposure of the Ipsilateral and Contralateral A1 Segments
	Gyrus Rectus Resection
	Identification of the A1-ACoA-A2 Complex Vessels
	Dissection of the Aneurysm Neck
	Clip Selection and Application
	Aspiration of the Dome and Assessment of Clipping
	Papaverine or Nicardipine Application
	Arterial Bypass

	Complications of Anterior Communicating Artery Aneurysms
	Outcomes of Anterior Communicating Artery Aneurysms
	Suggested Readings
	References


	Chapter 387
	387 Microsurgery of Distal Anterior Cerebral Artery Aneurysms
	Surgical Anatomy
	Clinical Presentation and Preoperative Imaging
	Advantages of Microsurgery
	Craniotomy Options
	Interhemispheric Approach
	Position
	Skin Incision and Craniotomy
	Microsurgical Maneuvers

	Clinical Series
	Conclusion
	Acknowledgments
	Suggested Readings
	References


	Chapter 388
	388 Surgical Management of Middle Cerebral Artery Aneurysms
	Middle Cerebral Artery Anatomy
	Classification of Middle Cerebral Artery Aneurysms
	Classification by Morphology
	Classification by Location
	Classification by Etiology
	Saccular Aneurysms
	Fusiform Aneurysms
	Infectious Aneurysms
	Dissecting Aneurysms
	Traumatic Aneurysms

	Classification by Size

	Presentation and Evaluation of Middle Cerebral Artery Aneurysms
	Surgical Treatment of Middle Cerebral Artery Aneurysms
	Preparation
	Pterional Craniotomy
	Extended Craniotomy for Possible Craniectomy
	Fissure Dissection
	Transcortical Approach
	Intraoperative Ventriculostomy
	Aneurysm Dissection and Clipping
	Temporary Clipping
	Indocyanine Green Videoangiography
	Intraoperative Angiography
	Use of Adenosine
	Aneurysmorrhaphy
	Bypass


	Conclusion
	Suggested Readings
	References


	Chapter 389
	389 Microsurgery of Vertebral Artery and Posterior Inferior Cerebellar Artery Aneurysms
	Anatomy
	Epidemiology
	Clinical Presentation
	Preoperative Evaluation
	Surgical Technique
	Vertebral Artery and Proximal Posterior Inferior Cerebellar Artery Aneurysms
	Far-Lateral Suboccipital Approach
	Transfacial Transclival Approach
	Other Approaches

	Peripheral or Distal Posterior Inferior Cerebellar Artery Aneurysms
	Combined Lateral and Medial Suboccipital Approach
	Midline Suboccipital Approach


	Conclusion
	Suggested Readings
	References


	Chapter 390
	390 Microsurgery of Basilar Apex Aneurysms
	Basilar Apex Aneurysm Surgery: Clinical Experience
	Microsurgical Anatomy of the Interpeduncular Cistern
	Surgical Strategies
	Pure Transsylvian Approach
	Operative Technique
	Positioning
	Scalp Incision
	Craniotomy
	Subarachnoid Exposure
	Clip Application

	Orbitozygomatic Approach
	Pretemporal Transzygomatic Transcavernous Approach
	Subtemporal Approach
	Pterional Approach through the Extended Lateral Corridor
	Dural Opening
	Cerebrospinal Fluid Drainage, Hyperventilation, and Diuresis
	Microdissection


	Timing of Treatment
	Temporary Occlusion
	Complication Avoidance
	Endovascular Management of Basilar Apex Aneurysms
	Conclusion
	Suggested Readings
	References


	Chapter 391
	391 Endovascular Approaches to Narrow-Necked Intracranial Aneurysms
	Indications for Treatment
	Narrow-Necked Aneurysms
	Technique of Primary Embolization
	The Balloon Microcatheter
	Endovascular Approaches to Cerebral Aneurysms
	Anterior Communicating Artery and Pericallosal Aneurysms
	Posterior Communicating Artery Aneurysms
	Ophthalmic and Cavernous Internal Carotid Artery Aneurysms
	Aneurysms of the Internal Carotid Artery Terminus and Middle Cerebral Artery Bifurcation
	Distal Vertebral (V4) and Posterior Inferior Cerebellar Artery Aneurysms
	Basilar Artery, Superior Cerebellar Artery, and Posterior Cerebral Artery Aneurysms

	The Effect of Coils on Aneurysmal Hemodynamics
	Flow Diverters for Narrow-Necked Aneurysms
	Occlusion and Re-Treatment Rates
	Conclusion
	Suggested Readings
	References


	Chapter 392
	392 Endovascular Approaches to Wide-Necked Intracranial Aneurysms
	Stent-Assisted Coiling
	Balloon-Assisted Coiling
	Flow-Diverting Stents
	Ruptured Wide-Necked Aneurysms
	Conclusion
	Suggested Readings
	References


	Chapter 393
	393 Endovascular Flow Diversion for Intracranial Aneurysms
	Flow Diversion Concepts
	Porosity, Density, Transition Zone, and Hemodynamics of Flow Diverters
	Types of Flow Diverters
	Silk Flow Diverter
	Pipeline Embolization Device
	Surpass
	Flow Re-Direction Endoluminal Device

	Use of Antiplatelet Therapy with Flow-Diversion Devices
	Use of Antiplatelet Therapy in the Ruptured Aneurysm Setting

	General Flow Diverter Procedural Principles
	Radiographic Assessment of Placement
	Potential Complications and Special Considerations
	In-Stent Thrombosis and Thromboembolism
	In-Stent Stenosis and Stent Migration
	Branch Vessel and Perforator Occlusions
	Delayed Intraparenchymal Ipsilateral Hemorrhage
	Perianeurysmal Brain Inflammation
	Delayed Aneurysm Rupture and Rate of Thrombosis
	Cranial Nerve Dysfunction after Flow Diversion
	Aneurysm Recurrence
	Flow Diversion in the Posterior Circulation


	Conclusion
	Acknowledgments
	Suggested Readings
	References


	Chapter 394
	394 Endovascular Hunterian Ligation
	Key Words
	History
	Indications
	Approaches to the Occlusion of Specific Cerebral Vessels
	The Internal Carotid Arteries
	The Vertebrobasilar Circulation
	The Distal Circulation

	Cerebral Reserve Testing
	Complications
	Conclusion
	Suggested Readings
	References


	Chapter 395
	395 Microsurgical Management of Giant Intracranial Aneurysms
	Historical Considerations
	Epidemiology and Incidence
	Pathophysiology
	Clinical Presentation
	Diagnosis
	Management
	Anterior Circulation Approaches
	Orbitozygomatic-Pterional Approach
	Bifrontal Interhemispheric Approach

	Posterior Circulation Approaches
	Orbitozygomatic Approach
	Transpetrosal Approaches
	Far Lateral Approach
	Combined Approaches
	Subtemporal Approach

	Operative Techniques
	Vascular Control
	Surgical Techniques for Clipping
	Alternative Occlusion Techniques
	Bypass Techniques

	Endovascular Treatment
	Conclusion
	Suggested Readings
	References


	Chapter 396
	396 Infectious Aneurysms
	Epidemiology
	Pathophysiology
	Microbiology
	Clinical Findings
	Natural History
	Diagnostic Evaluation
	Treatment
	Medical Treatment
	Nonmedical Treatment: Surgical and Endovascular Treatment

	Outcomes
	Conclusion
	Suggested Readings
	References


	Chapter 397
	397 Revascularization Techniques for Complex Aneurysms and Skull Base Tumors
	Endovascular Therapy as an Alternative for Complex Aneurysms
	Revascularization for the Treatment of Aneurysms
	Revascularization for the Treatment of Skull Base Tumors
	When Is the Collateral Circulation Inadequate and Bypass Necessary?
	Anterior Circulation
	Posterior Circulation
	Distal Arterial Branches

	Surgical Technique
	Preoperative Planning and Preparation for Bypass Procedures
	Intraoperative Monitoring and Management

	Types of Revascularization Procedures
	Type I Bypasses: Interposition Vein Grafts
	Type II Bypasses: Saphenous Vein Graft or Radial Artery Graft Extracranial-Intracranial Bypass
	Extracranial Carotid Artery−Middle Cerebral Artery Saphenous Vein Interposition Graft
	External Carotid Artery−Posterior Cerebral Artery Saphenous Vein Interposition Graft

	Type III Bypasses: Scalp Artery (Superficial Temporal or Occipital) Extracranial-Intracranial Bypass
	Superficial Temporal Artery−Middle Cerebral Artery Bypass
	Occipital Artery−Posterior Inferior Cerebellar Artery Bypass
	Superficial Temporal Artery−Superior Cerebellar Artery Bypass and Superficial Temporal Artery−Posterior Cerebral Artery Bypass

	Type IV Bypasses: Direct Intracranial Revascularization
	Primary Reanastomosis
	Pericallosal-Pericallosal Bypass
	Posterior Inferior Cerebellar Artery−Posterior Inferior Cerebellar Artery Anastomosis
	Other Variations of Intracranial Arterial Reconstruction

	Techniques for Occluding or Trapping an Aneurysm after Bypass
	Postoperative Management

	Outcomes
	Complications
	Long-Term Graft Patency
	Results of Bypass for Complex Intracranial Aneurysms

	Conclusion
	Suggested Readings
	References


	Chapter 398
	398 Multimodality Treatments of Cerebrovascular Disorders
	Key Words
	Multimodality Treatment of Parenchymal Brain Arteriovenous Malformations
	Presurgical Embolization
	Embolization as an Aid to Radiosurgery
	Multimodality Treatment for Large and Deep Arteriovenous Malformations

	Multimodality Treatment of Dural Arteriovenous Fistulas
	Multimodality Treatment of Intracranial Aneurysms
	Suggested Readings
	References


	Chapter 399
	399 Traumatic Cerebral Aneurysms Secondary to Penetrating Intracranial Injuries
	Key Words
	Pathology
	Clinical Findings
	Diagnosis
	Treatment
	Conclusion
	Suggested Readings
	References


	Chapter 400
	400 Pathobiology of True Arteriovenous Malformations
	Arteriovenous Malformations
	Pathology, Pathogenesis, and Pathophysiology
	Etiology
	Staging, Grading, or Classification Criteria

	Venous Angioma
	Cavernous Malformation
	Pathology, Pathogenesis, and Pathophysiology

	Capillary Telangiectasia
	Pathology, Pathogenesis, and Pathophysiology

	Mixed Lesions: True Arteriovenous Malformations With Other Vascular Malformations
	Arteriovenous Malformations and Capillary Telangiectasia
	Arteriovenous Malformations and Developmental Venous Anomalies
	Arteriovenous Malformations and Cavernous Malformations

	Genetics of Arteriovenous Malformations
	Hereditary Syndromes Featuring Cerebral Arteriovenous Malformations
	Familial Cerebral Arteriovenous Malformations
	Congenital Syndromes Featuring Arteriovenous Malformations

	Biology of Vasculogenesis and Angiogenesis
	Hemodynamic Effects of Arteriovenous Malformations
	Active Vascular Remodeling and Angiogenesis in Arteriovenous Malformations
	Vascular Endothelial Cell Growth Factor
	Angiopoietin and Tie-2
	Matrix Metalloproteinases
	Concerted Effects of Angiogenic Factors
	Hypothetical Events Leading to Vascular Malformation Development

	Conclusion
	Suggested Readings
	References


	Chapter 401
	401 Epidemiology and Natural History of Intracranial Vascular Malformations
	Arteriovenous Malformation
	Definition
	Etiology and Pathogenesis
	Radiologic Findings
	Epidemiology
	Clinical Presentation
	Asymptomatic
	Hemorrhage
	Seizures
	Headache
	Focal Neurological Deficits

	Natural History
	Risk for Hemorrhage (Untreated Arteriovenous Malformation)
	Seizures
	Radiologic Findings and Lesion Behavior

	Outcome
	Morbidity and Mortality

	Special Situations
	Arteriovenous Malformations in Pregnancy


	Cavernous Malformation
	Definition
	Etiology and Pathogenesis
	Radiologic Findings
	Epidemiology
	Clinical Presentation
	Asymptomatic
	Seizures
	Hemorrhage and Focal Neurological Deficits

	Natural History
	Prospective Hemorrhage Risk

	Outcome
	Hemorrhage Morbidity and Mortality
	Seizure Risk
	Lesion Behavior

	Special Situations
	Influence of Pregnancy in Patients With Cavernous Malformations


	Dural Arteriovenous Fistula
	Definition
	Etiology and Pathogenesis
	Radiologic Findings
	Epidemiology
	Clinical Presentation
	Pulsatile Tinnitus
	Headache
	Hemorrhage

	Natural History
	Lesion Behavior and Natural History

	Outcome
	Special Situations
	Carotid-Cavernous Fistula


	Developmental Venous Anomaly
	Definition and Pathogenesis
	Radiologic Findings
	Epidemiology
	Clinical Presentation
	Hemorrhage
	Seizures
	Focal Neurological Deficits
	Headache

	Natural History
	Outcome

	Capillary Telangiectasia
	Definition
	Etiology and Pathogenesis
	Radiologic Findings
	Epidemiology
	Clinical Presentation
	Hemorrhage
	Focal Neurological Deficits

	Natural History

	Genetic Disorders Associated With Brain Vascular Malformations
	Osler-Weber-Rendu Disease
	Ataxia-Telangiectasia
	RASA1 Mutation
	Wyburn-Mason Syndrome
	Cobb’s Syndrome
	Sturge-Weber Syndrome

	Suggested Readings
	References


	Chapter 402
	402 Therapeutic Decision Making in the Management of Arteriovenous Malformations of the Brain
	Management Pathway
	Conservative
	Focused Irradiation
	Embolization
	Surgery
	Combined Treatments

	Other Factors Considered in Management Decisions
	Epilepsy
	Timing of Early Postoperative Radiologic Imaging
	Intensive Care Unit Management of Patients with Arteriovenous Malformation of the Brain after Surgical Resection
	Surveillance Radiology
	Pregnancy and Arteriovenous Malformation of the Brain
	Acute Intracranial Hemorrhage and Arteriovenous Malformation of the Brain
	Concomitant Aneurysm
	Unruptured Arteriovenous Malformation of the Brain and Unruptured Aneurysm
	Aneurysmal Subarachnoid Hemorrhage and Arteriovenous Malformation of the Brain
	Ruptured Arteriovenous Malformation of the Brain and Unruptured Aneurysm
	Unruptured Arteriovenous Malformation of the Brain and Ruptured Aneurysm
	Delayed Investigation for Aneurysms after Resection for Arteriovenous Malformation of the Brain


	Summary of Management Recommendations (See Figure 402-6)
	Spetzler-Ponce Class A
	Spetzler-Ponce Class B
	Spetzler-Ponce Class C

	Suggested Readings
	References


	Chapter 403
	403 Adjuvant Endovascular Management of Brain Arteriovenous Malformations
	Historical Overview
	Treatment Goals
	Angioarchitecture
	Embolic Agents
	Liquid
	Nonliquid

	Pre-Microsurgical Embolization
	Pre-Radiosurgical Embolization
	Complications of Endovascular Treatment
	Conclusion
	Suggested Readings
	References


	Chapter 404
	404 Endovascular Management of Arteriovenous Malformations for Cure
	ARUBA and the Debate About Unruptured Arteriovenous Malformations
	Goals of Endovascular Embolization
	Factors Associated With Endovascular Management as Cure
	Size
	Location
	Morphologic Features
	Spetzler-Martin Grade
	Patient-Specific Factors

	Efficacy of Endovascular Management for Cure
	Complications Associated With Endovascular Management for Cure
	Technical Details Facilitating Endovascular Management for Cure
	Embolic Materials
	Onyx
	Polyvinyl Alcohol
	n-Butyl Cyanoacrylate

	Techniques
	Patient Example

	Conclusion
	Suggested Readings
	References


	Chapter 405
	405 Microsurgery of Arteriovenous Malformations
	Classification of Cerebrovascular Malformations
	Epidemiology and Relationships to Other Vascular Malformations and Congenital Syndromes
	Clinical Presentation and Pathophysiology
	Hemorrhage
	Seizures
	Progressive Neurological Deficit
	Headache
	Asymptomatic

	Natural History (also see Chapter 401)
	Imaging
	Computed Tomography
	Angiography
	Magnetic Resonance Imaging
	Functional Evaluation

	Grading of Arteriovenous Malformations
	Size of the Arteriovenous Malformation
	Eloquence of Adjacent Brain
	Pattern of Venous Drainage

	Decision Making (also see Chapter 402)
	Arteriovenous Malformation−Related Factors
	Size of the Arteriovenous Malformation
	Location
	Pattern of Venous Drainage
	Association With Aneurysms
	Management of Aneurysms Associated With Arteriovenous Malformations

	Patient-Related Factors
	Surgeon-Related Factors

	Treatment
	Microsurgical Resection
	Timing of Surgery
	General Surgical Technique

	Surgical Considerations for Arteriovenous Malformations in Specific Locations
	Convexity Arteriovenous Malformations
	Perisylvian Arteriovenous Malformations
	Medial Temporal Arteriovenous Malformations
	Trigonal Arteriovenous Malformations
	Parasagittal Arteriovenous Malformations
	Anterior Corpus Callosal Arteriovenous Malformations
	Splenial Arteriovenous Malformations
	Intraventricular Arteriovenous Malformations
	Thalamus and Basal Ganglia Arteriovenous Malformations
	Cerebellar Arteriovenous Malformations
	Brainstem Arteriovenous Malformations

	Surgical Outcomes
	Complications
	Intraoperative
	Postoperative
	Hemorrhage.
	Seizures.
	Normal Perfusion Pressure Breakthrough.
	Retrograde Feeding Artery Thrombosis.
	Retrograde Venous Thrombosis.
	Vasospasm.


	Radiosurgery (also see Chapters 269 and 406)
	Endovascular Therapy (also see Chapters 403 and 404)
	Preoperative Embolization
	Preradiosurgical Embolization
	Palliative Embolization
	Curative Embolization
	The ARUBA Trial


	Conclusion
	Suggested Readings
	References


	Chapter 406
	406 Surgical and Radiosurgical Management of Grade IV and V Arteriovenous Malformations
	Natural History and Hemorrhage Risk
	Clinical Findings and Preoperative Evaluation
	Symptoms
	Indications for and Contraindications to Surgery

	Hemodynamics
	Evaluation
	Angiography
	Magnetic Resonance Imaging
	Xenon-Enhanced Computed Tomography

	Treatment
	Embolization
	Stereotactic Radiosurgery
	Microsurgery

	Multimodality Treatment

	Special Perioperative Equipment and Techniques
	Intraoperative Monitoring
	Frameless Image-Guided Navigation
	Mild Hypothermia
	Intraoperative Angiography
	Intraoperative Blood Flow Measurements with Ultrasound

	Surgical Outcome
	Complications
	Hemorrhage
	Venous Thrombosis
	Hydrocephalus
	Radiosurgical Complications
	Ischemia

	Conclusion
	Acknowledgments
	Suggested Readings
	References


	Chapter 407
	407 Carotid-Cavernous Fistulas
	Anatomy
	Direct or True Carotid-Cavernous Fistulas
	Clinical Presentation
	Diagnosis
	Treatment

	“Indirect” Carotid-Cavernous Fistulas
	Clinical Presentation
	Diagnosis
	Treatment

	Conclusion
	Suggested Readings
	References


	Chapter 408
	408 Treatment of Other Intracranial Dural Arteriovenous Fistulas
	Clinical Presentation
	Classification
	Natural History
	Diagnostic Imaging
	Treatment
	Observation
	Endovascular Embolization
	Transarterial Embolization
	Transvenous Embolization
	Stereotactic Radiosurgery
	Surgery

	Dural Arteriovenous Fistula by Location
	Transverse-Sigmoid Sinus
	Superior Sagittal Sinus
	Tentorial
	Anterior Fossa

	Outcomes
	Conclusion
	Suggested Readings
	References


	Chapter 409
	409 Natural History of Cavernous Malformations
	Epidemiology
	Clinical Presentation
	Hemispheric Lesions
	Brainstem Lesions
	Spinal Cord Lesions

	Natural History
	Brainstem Cavernous Malformations
	Spinal Cord Cavernous Malformations
	Familial Cavernous Malformations
	Pregnancy and Gender

	Conclusion
	Suggested Readings
	References


	Chapter 410
	410 Genetics of Cerebral Cavernous Malformations
	Genetics of Cerebral Cavernous Malformation
	Mechanisms of Disease Pathogenesis
	Expression of the CCM Proteins
	Molecular Biology of the CCM Genes
	CCM1
	CCM2
	CCM3

	CCM Proteins and RhoA/ROCK Signaling
	Clinical Genetics
	Development of Therapeutic Approaches
	Conclusion and Future Directions
	Suggested Readings
	References


	Chapter 411
	411 Microsurgery for Cerebral Cavernous Malformations
	Radiographic Presentation
	Surgical Indications
	Microsurgical Technique and Approaches
	Goals of Surgery and Patient Counseling
	Preoperative Imaging
	Intraoperative Monitoring
	Microsurgical Technique
	Surgical Approaches
	Retrosigmoid Approach
	Far-Lateral Approach
	Supracerebellar Infratentorial Approach
	Interhemispheric Transcallosal Approach


	Clinical Outcomes
	Conclusion
	Suggested Readings
	References


	Chapter 412
	412 Classification of Spinal Arteriovenous Lesions
	Historical Perspective and Previous Classification Systems
	Spetzler Classification System
	Extradural Arteriovenous Fistulas
	Intradural Dorsal Arteriovenous Fistulas
	Intradural Ventral Arteriovenous Fistulas
	Extradural-Intradural Arteriovenous Malformations
	Intramedullary Arteriovenous Malformations
	Conus Medullaris Arteriovenous Malformations

	Conclusion
	Suggested Readings
	References


	Chapter 413
	413 Endovascular Treatment of Spinal Vascular Malformations
	Vascular Anatomy
	Diagnostic Imaging of Spinal Vascular Malformations
	Magnetic Resonance Imaging
	Computed Tomography
	Digital Subtraction Angiography

	Classification of Spinal Vascular Malformations
	Principles of Endovascular Therapy
	Techniques
	Monitoring
	Materials

	Endovascular Treatment of Spinal Arteriovenous Malformations
	Extradural-Intradural Arteriovenous Malformation
	Intradural Arteriovenous Malformation
	Conus Medullaris Arteriovenous Malformation

	Radiosurgery for Spinal Cord Arteriovenous Malformations
	Endovascular Treatment of Spinal Arteriovenous Fistulas
	Extradural Arteriovenous Fistula
	Intradural Dorsal Arteriovenous Fistula
	Intradural Ventral Arteriovenous Fistula

	Endovascular Treatment of Spinal Cord Aneurysms
	Complications
	Conclusion
	Acknowledgments
	Suggested Readings
	References


	Chapter 414
	414 Microsurgical Treatment of Spinal Vascular Malformations
	Historical Perspective
	Anatomy
	Normal Vascular Anatomy of the Spinal Cord
	Arterial Anatomy
	Venous Anatomy

	Anatomy of Spinal Vascular Malformations
	Dural Arteriovenous Fistulas
	Intradural Arteriovenous Malformations
	Glomus Type.
	Juvenile (Extradural-Intradural) Type.
	Perimedullary (Pial) Type.



	Classification
	Dural and Extradural Arteriovenous Fistulas
	Extradural Lesions
	Dural Lesions

	Intradural Lesions
	Arteriovenous Malformations
	Glomus Type.
	Juvenile Type.

	Perimedullary (Pial) Arteriovenous Fistulas


	Etiology, Pathophysiology, Clinical Presentation, and Natural History
	Dural Arteriovenous Fistulas
	Foix-Alajouanine Syndrome
	Natural History

	Intradural Arteriovenous Malformations
	Cavernous Angiomas

	Diagnostic Imaging
	Magnetic Resonance Imaging and Magnetic Resonance Angiography
	Dural Arteriovenous Fistulas
	Intradural Arteriovenous Malformations
	Cavernous Angiomas

	Computed Tomographic Angiography
	Myelography
	Selective Spinal Arteriography
	Dural Arteriovenous Fistulas
	Intradural Arteriovenous Malformations


	Microsurgical Management
	Dural Arteriovenous Fistulas
	Surgical Technique
	Outcomes

	Glomus Arteriovenous Malformations
	Surgical Technique
	Outcomes

	Perimedullary Arteriovenous Fistulas
	Cavernous Angiomas
	Surgical Technique
	Outcomes


	Adjuncts to Surgery
	Preoperative Embolization
	Indocyanine Green Videoangiography
	Intraoperative Arteriography
	Intraoperative Neurophysiologic Monitoring

	Conclusion
	Suggested Readings
	References


	Chapter 415
	415 Pregnancy and the Vascular Lesion
	Stroke
	Overview
	Evaluation and Work-Up
	Arterial Occlusion
	Venous Occlusion
	Postpartum Cerebral Angiopathy

	Aneurysmal Subarachnoid Hemorrhage
	Epidemiology
	Management
	Outcomes

	Arteriovenous Malformations
	Management

	Other Vascular Lesions
	Metastatic Choriocarcinoma
	Postpartum Cerebral Vasospasm
	Carotid-Cavernous Fistula
	Pituitary Apoplexy
	Intracerebral Hemorrhage
	Traumatic Brain Injury
	Moyamoya Disease

	Suggested Readings
	References


	Blank Page

