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Foreword

“The brain may be forgiving, but the spinal cord is not” is an axiom that generations 
of neurosurgeons have inherited and passed on to accentuate the seriousness of spi-
nal cord surgery. With their relative rarity, available literature dedicated to spinal 
cord tumors has been sparse and collective expertise has been missing. Many 
advances have taken place toward the improvement of diagnosis, treatment, and 
outcomes of these otherwise dreadful diseases. Drs. Arnautović and Gokaslan are to 
be commended for their effort to bring together a comprehensive text that covers all 
aspects of spinal cord tumors in a scholarly and expert manner. Like all the benefi-
ciaries of this work, patients and physicians alike, I am deeply grateful for their 
endeavor and congratulate them for their excellent contribution. Knowing them per-
sonally, I would not expect anything less than superb work, and I say that with a 
sense of pride.

Although advances in imaging, rehabilitation, monitoring, and radiation have 
markedly improved the outcomes of patients with spinal cord tumors, it remains that 
an overwhelming number of these lesions are treated surgically with the expectation 
of cure. Hence, surgical technique is the most crucial factor in treatment, and subse-
quently, microsurgical techniques are indispensable in tackling these tumors and 
paramount for success.

Ossama Al-Mefty, MD, FACS
Director of Skull Base Surgery 

Brigham and Women’s Hospital 
Harvard School of Medicine 

Boston, MA, USA
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Foreword

Aside from metastases to the vertebral column, spinal neoplasms are relatively rare 
in the average neurosurgeon’s practice. That being said, spinal cord lesions can be 
challenging to manage surgically and devastating to a patient’s quality of life, if 
inadequately and/or poorly treated. To produce this book, Drs. Arnautović and 
Gokaslan have assembled an international cast of neurosurgeons and affiliated spe-
cialists with expertise in the management of spinal neoplasms. The result is an opus 
that provides a comprehensive and contemporary overview of their treatment. I con-
gratulate the authors for producing a volume that is informative while remaining 
quite readable. For neurosurgeons—both resident and graduate—looking for a 
comprehensive overview of the topic, I highly recommend this book.

Kevin T. Foley, MD, FAANS, FACS
Chairman, Semmes-Murphey Clinic  

Professor of Neurosurgery, Orthopedic Surgery  
and Biomedical Engineering  

University of Tennessee Health Science Center  
Memphis, TN, USA
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Introduction

Since the start of my neurosurgical career some 30 years ago, I was fascinated by 
spinal cord tumors and their treatment. These tumors occur in a very limited space 
of spinal cord and spinal nerves (<10 mm anterior-posterior and <15 mm transverse 
diameters); they extend into adjacent and similarly limited subarachnoid, subdural, 
and spinal canal spaces within functionally numerous, extremely tight, high value 
central nervous system (CNS) “real estate” with a relatively limited blood supply. 
They are probably at the top of most challenging CNS tumors to treat. Fortunately 
(or not), they are predominantly benign lesions, histologically.

As I looked closer, I realized and learned that it takes an average of 2 years from 
the first appearance of symptoms to diagnose spinal cord tumors. Furthermore—
and as I talked to my mentors, all fathers of micro-neurosurgery—I found out that 
none of them have significantly focused on those lesions for unclear reason, perhaps 
due to their rare occurrence (<15% of all CNS tumors). I then wondered, to whom 
do these tumors belong? To micro-neurosurgeons, to spine surgeons, or to pediatric 
neurosurgeons? And I still do not have an answer. Finally, when I look in the neuro-
surgical literature, I always found these types of tumors buried at the end of the 
tumor or spine section, seemingly neglected and underestimated. Similarly, books 
regarding the subject are scarce at best. As I significantly increased my experience 
in treating spinal tumors, I respected them even more and realized how difficult is it 
to treat them. Finally, unlike any other neurosurgical pathology, there is a very lim-
ited number of authors who have significant series of several dozens or very unlikely 
hundreds of cases in the literature.

The goal of this book is to provide an in-depth, contemporary review of all—or 
at least most—aspects of treatment of spinal cord tumors by experienced authors 
and their teams. The attempt is to include as many figures as possible, and even 
some video clips, to illustrate the text in the best way possible. We can only hope 
that many neurosurgeons will find help and guidance reading this book in prepara-
tion for their surgeries or at least get inspired to pursue an interest in this ever- 
fascinating part of our beloved specialty.

Memphis, TN, USA Kenan I. Arnautović
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Despite my 3 decades of experience in treating spinal neoplasms as a surgeon, I 
am truly humbled by how challenging treating patients with spinal cord tumors can 
be. Perhaps no other pathology in our field is a better reminder of how privileged we 
are as neurosurgeons to be trusted in this way and how brave and inspiring our 
patients are in placing their well-being, hopes, and dreams in our hands. It is a 
responsibility I know that we—as neurosurgeons—take incredibly seriously.

The risks of surgical intervention in the spinal cord are very high and the conse-
quences of surgery to our patients are very significant and life altering. Thus, not 
only surgical resection of these tumors remains to be a technical feat but even the 
decision of when and on whom to operate can be very difficult.

I was taught from the very early days of my residency training by my senior men-
tors that the brain can be forgiving, but the spinal cord is “very expensive real 
estate”; hence, it needs to be treated with utmost respect and care. There is no ques-
tion that, over the past several decades, imaging, surgical techniques and magnifica-
tion, operative tools, electrophysiological monitoring, and postoperative ICU care 
have all dramatically improved. Many neurosurgeons and other specialists have 
contributed to the improvement of surgical outcomes in patients with spinal cord 
tumors.

This book is an attempt to compile current information in the literature, summa-
rize recent advances in the field, and try to communicate the collective wisdom, 
experience, and lessons learned over the years in a practical format.

I hope we have achieved this objective at the end and that you remain committed 
to contributing to the advances in the field, but are also always reminded, humbled, 
and inspired by how our patients with spinal cord tumors deal with the challenges 
they face on a daily basis.

Providence, RI, USA Ziya L. Gokaslan

Introduction
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1History of Spinal Surgery and Surgical 
Treatment of Spinal Intradural Tumors

Bruno Splavski

1.1  Introduction

Neurosurgery may be one of the oldest medical professions and surgical disciplines. 
There is a proof that trephining was practiced by Neolithic people during prehistoric 
times. However, neurosurgery and spinal surgery as we know them today did not 
develop until the second half of the nineteenth century when a select few general sur-
geons in a handful of medical centers started to perform an assortment of brain and 
spinal surgical procedures. In particular, the history of spinal intradural tumor and 
spinal cord surgery remained relatively obscured and small in comparison to those of 
other parts of nervous system, including the spine. This type of surgery developed 
slowly and sporadically, gaining its prominence only recently, in the last few decades.

Surgical treatment of spinal intradural tumors has always been a demanding and 
challenging task for neurosurgeons worldwide because of the distinctive clinical 
and histopathological characteristics of these tumors, as well as their specific surgi-
cal anatomy. Because of that, the practice of spinal surgery and spinal cord surgery 
did not emerge as a separate specialty until the beginning of the last century. Hence, 
up-to-date and state-of-the-art diagnostics, surgical techniques, and tools only 
developed during the last few decades due to the expansion of operative microscopy 
and endoscopy, as well as intraoperative neurophysiology and systems for image- 
guided surgery, which provide the foundation for contemporary spinal intradural 
tumor and spinal cord surgery. Such techniques and armamentariums enabled not 
only the most accurate and precise tumor identification, but also the safe removal 

The original version of this chapter was revised. An erratum to this chapter can be found at 
https://doi.org/10.1007/978-3-319-99438-3_27
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of tumors and satisfactory patient recovery, considerably diminishing the rate and 
scope of postoperative complications.

In this chapter, historical issues concerned with surgical treatment of spinal intra-
dural tumors, as well as the timeline of spinal cord surgery development and 
improvements, will be discussed and explained.

1.2  Spinal Surgery in Antiquity

Due to its complexity, operating on spine and spinal cord was a heavy burden for 
ancient surgeons, who tried to avoid it. The scarce knowledge of spinal anatomy 
was only gained from sporadically observing spinal trauma cases.

The evidence of spinal disorders was limited and obscured. However, tubercu-
lous spondylitis—which causes permanent spinal deformity—has been found in 
Egyptian mummies dated to 4000 bc, making it one of oldest diseases for which the 
evidence exists. It has also been documented in spinal remains from Iron Age 
Europe as well. Furthermore, a possible description of the successful use of spinal 
traction-reduction used to reverse a paralyzing cervical spine injury from circa 3000 
bc may be the oldest neurosurgical procedure ever recorded [1].

1.2.1  Edwin Smith Papyrus

The earliest described experience-based examples of anatomical dissections were 
mentioned by ancient Egyptians during the fourteenth century bc, but medical prac-
tice of that time was grounded in superstition and magic rather than scientific knowl-
edge, which was mainly nonexistent. Despite of that, ancient Egyptian surgeons 
recognized spinal trauma as a grave injury that resulted in poor outcome and typi-
cally death. The evidence of this can be found in the famous Edwin Smith papyrus 
from 1700 bc, which is one of the most valuable medical manuscripts ever discov-
ered [2]. The scroll was purchased by an American Egyptologist, Edwin Smith 
(1822–1906) in Luxor, Egypt in ad 1862 and translated from the hieroglyphics and 
published in 1930 [3]. The text described six trauma cases of the cervical spine, 
including two obvious injuries to the spinal cord. It is the oldest description of spinal 
cord injury and infection with the first ever treatment management recommendations 
in the history of medicine [4]. Accordingly, the first traces of rudimental spinal sur-
gery dated back to 1550 bc, making it one of the oldest surgical procedures known.

It was likely that the ancient Assyrians had some idea of the consequences of 
spinal cord injury, too, based on a famous relief from 650 bc found in Nineveh in 
modern-day Iraq. It depicted a dying lioness injured by arrows in the back and try-
ing to crawl while struggling to move her paralyzed lower limbs, indicating spinal 
cord damage [5].

B. Splavski
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1.2.2  Alexandrian School

It may be said that the intellectual underpinnings of spinal surgery originated with 
the ancient Greeks in 300 bc, indebted to the illustrious Alexandrian school and 
based on Hippocratic writings that contained anatomic descriptions and descrip-
tions of early spinal injury practice and conservative management. The ancient 
Greeks understood spinal cord injury with urinary incontinence to be a severe injury 
with a1 particularly devastating prognosis. Hence, Alexandrian school surgeons 
were reluctant to pursue aggressive surgery on the spine or spinal cord. The main 
representative of that school, Herophilus (335–280 bc) (Fig.  1.1)—who was the 
most distinguished scholar and accomplished physician of the time—also avoided 
direct surgery on the spine. He was the first ancient physician to name the spinal 
cord as a caudal prolongation of rhombencephalon [7], and observed that damage to 
motor nerves may induce paralysis. Herophilus and his co-scholar Erasistratus 
(304–250 bc) performed human dissections for medical research for the first time in 
history, which became the main source of Greek anatomic knowledge. Both 
Herophilus and Erasistratus provided an outstanding early appreciation of the sepa-
rate neural spinal cord pathways responsible for sensory and motor control [8].

1 It is known that Hippocrates (460–375 bc) himself provided specific evidence that was concerned 
with the clinical implications of spinal cord damage [6].

Fig. 1.1 A sketch of 
Herophilus redrawn from an 
original painting by Joseph 
F. Doeve. Reprinted with 
permission from the 
collection of the Houston 
Academy of Medicine- Texas 
Medical Center Library

1 History of Spinal Surgery and Surgical Treatment of Spinal Intradural Tumors
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1.2.3  Galen of Pergamon

During the first century ad, Galen of Pergamon (ad 129–200) was the chief advo-
cate of Hippocratic and Alexandrian medicine, but he contested Hippocrates’ refer-
ence to the brain as merely a gland. Galen assigned control of voluntary action and 
sensation to the brain, which was carried through the medulla downward. He was 
the first surgeon to define the dural and pial coverings of the spinal cord [2]. He 
recognized also that spinal injury might result in neurological deficits, including 
motor weakness of the limbs, and that complete medullar transection was respon-
sible for the loss of function below the level of cord damage [8]. He was also the 
first physician to propose the removal of compressive bone fragments from the ver-
tebral canal in case of vertebral body fracture. Regrettably, following Galen’s 
demise, there was no competent supplementary research of the nervous system’s 
surgery for more than a millennium. But his remarkable scientific achievements, as 
well as several of his errors and misinterpretations, are still responsible for the great 
majority of the relevant medical texts from antiquity. His surgical competence and 
vast scientific knowledge made him a celebrated contributor to neuroanatomy in 
general and neurosurgery in particular.

1.3  Spinal Surgery in the Middle Ages, the Renaissance, 
and Beyond

Although Galen’s outstanding accomplishments were still venerated by Arabic 
scholars and physicians of the middle ages, spinal surgery was mostly regarded as 
hopeless during this time. The academic centers of medicine and surgery moved to 
the Arabic and Byzantine controlled cities, which served as protectors of ancient 
medical teachings, as well as dogma.

1.3.1  Avicenna (Ibn Sina)

The finest representative of Arabic school was Avicenna (ad 980–1037), a promi-
nent philosopher, academic, and physician from Persia whose encyclopedic writ-
ings enormously expanded ancient medical knowledge. Within his texts, one can 
find useful discussions of various types of spinal injuries that both evaluate their 
usually bleak outcomes and prognoses and justify non-surgical treatment.

1.3.2  Dogmatic Scholasticism

Following the decline of the Arabic schools, a transition to mediaeval dogmatic 
scholasticism occurred in Europe (ad 700–1500), characterized by unavoidable 
academic decline in every aspect of medical knowledge. Consequently, a deficiency 
of proper anatomical expertise—caused by the Catholic Church forbidding body 
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dissections—was responsible for poor outcomes of surgical management. Surgeons 
were unable to perform spine and spinal cord surgery, which remained virtually 
absent throughout the next few centuries.

Despite of that, the contributions of Mondino de Liuzzi (circa 1270–1326), a key 
anatomist of the late Middle Ages from Bologna, Italy should not be forgotten. He 
was credited as the restorer of anatomy after he wrote a manual for anatomic dissec-
tion for the first time in medical history [9].

At the same time, Guy de Chauliac (1300–1368), practicing in Montpellier and 
Avignon, France, publish his book Chirurgia Magna in 1363. De Chauliac was the 
most influential European surgeon of the fourteenth century, and his book became a 
standard medical reference for surgery for several subsequent centuries. It has also 
been regarded one of the most influential medical texts originated from the Middle 
Ages, which collated medical knowledge from ancient Greek and Arabic sources. 
Considering the circumstances and the backwardness of medicine in the European 
Middle Ages, his work was very innovative and astonishingly progressive for its time.

1.3.3  Andreas Vesalius

The sudden transfer from scientifically dormant medieval times to the open-minded 
and creative period of the Renaissance enabled the early groundwork of the present- 
day neurosurgery. As the new dawn for science and arts emerged, Andreas Vesalius 
(1514–1564), a physician and teacher who is considered the predecessor of neurosci-
ence, published his masterpiece De humani corporis fabrica in 1543, establishing 
anatomy and body dissection as scientific disciplines. The books contributed enor-
mously to the understanding of spinal anatomy as Vesalius was the physician to 
describe and illustrate the spinal cord and devised the names for every particular 
spinal level (cervical, thoracic, lumbar, sacral, and coccygeal). In fact, much of the 
terminology used for the spine today can be attributed to him [10]. Vesalius was one 
of the most distinguished medical scholars of his time and his influence on medical 
knowledge is still relevant today, more than 500  years later. His groundbreaking 
ideas and methods helped to free medicine in general and neuroscience in particular 
from the limitations imposed by the Middle Ages, moving it forward up to the mod-
ern era [7].

Vesalius’s observations of the anatomy of the spinal cord were updated by the 
renowned Dutch anatomist Gerard Blasius (1625–1692). In 1666, Blasius clearly 
illustrated the cross-section of the medulla for the first time, identifying the distinc-
tion between the gray and white matter of the cord, as well as the spinal nerve roots, 
which increased the knowledge of neuroanatomy meaningfully in his era [2, 11].

The first classic clinical description of tuberculous spondylitis, leading to grave 
progressive and permanent spinal deformity with consecutive possible spinal cord 
compression, was given in 1782 by Percival Pott (1714–1788), a famous English 
surgeon and one of the founders of orthopedic surgery. Tuberculous spondylitis 
became known as Pott’s disease in honor of this distinguished clinician who was 
generally regarded as one of the greatest surgeons of the eighteenth century [12].
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1.4  The Beginnings and Evolution of Modern  
Spinal Surgery

Surgical methods, neuroscience, and neurosurgery developed unevenly and sporadi-
cally throughout the time, due to the lack of proper diagnostic strategies and appro-
priate instruments. Accordingly, spinal surgery also saw no major progress due to its 
complex mechanical procedures. It did not advance in the West until the beginning 
of the industrial revolution at the start of nineteenth century. Afterwards, it followed 
a general advancement in modern medicine and surgery, steadily but slowly.

It was during the beginning of the modern era in surgery during the nineteenth 
century that inhalation agents for general anesthesia were first used. In addition, the 
germ theory of infection was both recognized and accepted in conjunction with 
principles of antisepsis. The introduction of ether anesthesia not only released 
patients from pain during surgery but also allowed more extensive surgical proce-
dures. The technique was first demonstrated in 1846 by an American dental surgeon 
William Morton (1819–1868) at Massachusetts General Hospital in Boston. A year 
later, chloroform for general anesthesia was introduced with absolute success in 
Edinburgh by James Young Simpson (1811–1870), a Scottish obstetrician, which 
soon became the widespread anesthetic of choice.

In the mid-nineteenth century, Louis Pasteur (1822–1895), a French microbiolo-
gist, observed and explained the relationship between bacteria and infectious diseases. 
From 1867, Joseph Lister (1827–1912)—a British surgeon and a pioneer of antiseptic 
surgery—was the first physician to promote the principles of antisepsis and the idea 
of sterile surgery [13]. Lister, practicing at Glasgow Royal Infirmary in Glasgow, UK 
applied Pasteur’s theory to wound sepsis, introducing the technique of antisepsis, 
which brought about subsequent decrease in the mortality rate from postoperative 
wound infections. Thereafter, other antiseptic techniques followed, such as the use of 
surgical masks, operating gowns, hats, and latex gloves. Finally in 1886, Ernst von 
Bergmann (1836–1907), a physician from the University of Berlin, Germany who 
devoted a large part of his career to the surgery of neurological diseases [14], intro-
duced the concept of asepsis by steam sterilization of instruments, which was another 
major breakthrough in reducing the rate of infection and improving postoperative out-
comes. He also used heat sterilization of wound dressing material.

A pioneer in bacteriology, a German physician and scientist Robert Koch (1843–
1910), demonstrated in 1877 how bacteria could be successfully isolated and culti-
vated, imposing the theory that infectious diseases were caused by microorganisms 
and summarizing his postulates on the etiology of wound infection. Following rec-
ognition of the germ theory of infection, a stream of antimicrobial innovations fol-
lowed, providing the means to minimize, abolish, and treat surgical infections.

Further improvements in knowledge of spinal cord functional anatomy were 
developed by Charles Edouard Brown-Séquard (1817–1894), a French neurophysi-
ologist, who pioneered advancement in neuroscience through experimental physi-
ological observation. In 1846, he explained spinal cord injury as the cause of pain, 
temperature, and light touch sensation loss occurring at the opposite side of the 
damaged cord, while loss of motor function, vibration, position, and deep touch 
remained at the injured side of the cord itself because of the decussation of the fibers 
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carrying different features of sensation throughout the medulla (i.e., syndrome of 
cord hemi-section, characterized by ipsilateral hemiplegia and hypesthesia and con-
tralateral analgesia—Brown-Séquard Syndrome) [2, 15].

The evolution of neurosurgery as a distinctive surgical discipline followed, hap-
pening step-by-step as a result of the personal interest in this field by a small number 
of talented professionals. Antony Chipault (1866–1920) from France, Ernst von 
Bergmann (1836–1907) and Fedor Krause (1857–1937) from Germany, and William 
Macewen (1948–1924) from Scotland all performed cranial and spinal procedures 
as well as general surgery. Simultaneously, William Keen (1837–1932) from 
Philadelphia in the United States was the first surgeon in the Americas to success-
fully remove a benign brain tumor in 1887.

French neurosurgical pioneer Antoine Chipault was the first surgeon in France to 
devote his practice on the surgery of neurological affections. He was also the first to 
use laminectomy in operative treatment of Pott’s paraplegia in 1896.

1.4.1  William Macewen

The first cranial surgeries were done by a William Macewen (Fig. 1.2), who oper-
ated on a brain abscess in 1876, and resected his first cranial tumor in 1879 [16]. He 
also advanced spinal surgery by successfully operating on hematomas of the spine, 

Fig. 1.2 William Macewen. 
Credit: “Sir William 
Macewen. Photograph” from 
the Wellcome Collection 
(https://wellcomecollection.
org/works/qd7exx4c). CC BY 
(https://creativecommons.org/
licenses/by/4.0/)
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soon becoming a leading British surgeon and the first proponent of neurosurgery. 
His milestone study about pyogenic diseases of the brain and spinal cord was the 
first scientific description of the subject ever published [17]. Consequently, he was 
highly acclaimed for his endeavor and managed to succeed his mentor, Joseph 
Lister, to the Chair of Surgery in Glasgow, UK.

1.4.2  Elective Surgery on the Central Nervous System

The period from the 1880s to 1914 was an epoch marked by the development of new 
elective surgical methods for the central nervous system. The primary scientific 
participants were celebrated physicians, and pioneering neurologists and surgeons 
like John Hughlings Jackson (1835–1911), David Ferrier (1843–1928), William 
Gowers (1845–1915), and Victor Horsley (1857–1916), all of whom worked at the 
National Hospital at Queen Square, in London, UK (Fig. 1.3). Their concepts and 
ideas had a deep influence on further advancement of the field. Experimentation on 
animal models and a comprehensive interest in clinical practice resulted in fast 
progress in understanding detailed nervous system function.

However, it was not until the introduction of the exact localization of neural 
structures and lesions by clinical observation and examination that neurosurgery in 
general—as well as spinal surgery in particular—developed into a separate branch 

Fig. 1.3 National Hospital, Queen Square, London. Credit: “‘National Hospitals for the Paralysed 
and Epileptic” from the Wellcome Collection (https://wellcomecollection.org/works/phmgcn3g). 
CC BY (https://creativecommons.org/licenses/by/4.0/)
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of modern neuroscience. At the same time, skilled operative techniques together 
with precise experimental physiology created a framework for the further develop-
ment of neurological surgery. Renowned British neurologist William Gowers 
(1845–1915), from National Hospital in London, introduced clinical examination, 
including patient history and physical signs and symptoms, making the exact local-
ization of neural structures and lesions crucial in the diagnosis of neurologic disor-
ders. His accurate observations of spinal cord structures enabled the first clinical 
identification of a removable intradural spinal tumor in 1887 [18].

1.4.3  Victor Horsley

Victor Horsley (1857–1916) was the first to encourage surgical removal of brain and 
spinal tumors following the exact localization and identification by neurologists 
(Fig. 1.4). In 1886 when he was only 28 years old, Horsley was the first surgeon 
appointed to a hospital post to perform neurological surgery at the National Hospital 
for Neurology and Neurosurgery, Queen Square, London [19] (Fig. 1.5). He fur-
thered the understanding of what was possible in neurosurgery to a great extent. He 
was a multi-talented and multilingual polymath who produced a large number of 
articles covering many subjects of interest to neuroscience, including anatomy, 
physiology, pathology, and surgery [20].

Fig. 1.4 Victor Horsley. 
Credit: “‘Sir Victor Horsley. 
Photograph by 
G.C. Beresford” from the 
Wellcome Collection (https://
wellcomecollection.org/
works/ct2bex5p). CC BY 
(https://creativecommons.org/
licenses/by/4.0/)
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Horsley was also the first surgeon to successfully resect an intraspinal extramed-
ullary tumor in June of 1887. This surgery was performed on an Army officer with 
spinal meningioma, who was in substantial pain, almost paralyzed, and incontinent. 
Within a year, the patient had practically recovered ambulation completely [20]. 
Charles Ballance (1856–1936), the second pioneer of British neurosurgery, assisted 
Horsley during the procedure (Fig. 1.6). Horsley was about to abandon the surgery, 
due to difficulties identifying the proper tumor location, but Ballance advised the 
removal of one lamina higher and the tumor was discovered and removed. Ballance, 
who became the first president of the Society of British Neurological Surgeons in 
1927, was known as a scrupulously slow but delicate and meticulous surgeon [21]. 
On the contrary, Horsley was fast, ambidextrous and decisive, which enabled him to 
achieve excellent surgical outcomes for the time.

In 1908, Horsley invented the stereotactic frame, which was possibly his most 
important contribution to neurosurgery [22], which has anticipated much of the con-
temporary neurosurgical practice of neuronavigation, making him by far the most 
important neurosurgeon in the world at his time. He was the first physician to dedi-
cate his attention and practice to diseases of the central nervous system entirely.

Other substantial contributions during this time came from Anton von Eiselberg 
(1860–1939), Fedor Krause (1857–1937), and Wilhelm Conrad Röntgen (1845–
1923). Anton von Eiselberg (Fig.  1.7) from Vienna founded neurosurgery in the 
Austro-Hungarian Empire and wrote the first detailed description of a successful 
resection of primary intramedullary tumor in a 27-year-old woman with a complete 

Fig. 1.5 Operating theater, the National Hospital for Neurology and Neurosurgery, Queen Square, 
London. Credit: “S. Paget: Sir Victor Horsley … Life and Work” from the Wellcome Collection 
(https://wellcomecollection.org/works/yk2uawfd). CC BY (https://creativecommons.org/licenses/
by/4.0/)
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Fig. 1.6 Charles Ballance. 
Credit: “Paleozoic examples 
of pathology” from the 
Wellcome Collection (https://
wellcomecollection.org/
works/datc54z7). CC BY 
(https://creativecommons.org/
licenses/by/4.0/)

Fig. 1.7 Anton von Eiselberg 
(Public domain photograph: 
https://en.wikipedia.org/wiki/
Anton_Eiselsberg#/media/
File:Prof._Dr._Baron_
Eiselsberg_1917_L._Grillich.
png)
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postoperative functional recovery which appeared in 1907 [23, 24]. Fedor Krause 
from the University of Berlin was the father of German neurosurgery and developed 
distinctive operative techniques for tumors of the brain and spinal cord. He reported 
first surgical series of spinal tumors in 1908 [25]. Finally, a dramatic evolution in 
diagnostics followed due to the discovery of X-rays by Wilhelm Conrad Röntgen in 
1895, and the discovery of radium and radioactivity by Pierre Curie (1859–1906) 
and Marie Curie (1867–1934) in 1898. Above all, Röntgen’s discovery profoundly 
altered neurosurgery by facilitating more precise diagnosis.

1.4.4  Charles Elsberg, a Pioneer of Spinal Cord Surgery

A practicing neurosurgeon at the New York Neurological Institute, New York, Charles 
A.  Elsberg (1871–1948) was one of the true pioneers of spinal cord surgery [26] 
(Fig. 1.8). Elsberg carried out the successful removal of an intramedullary spinal cord 
tumor in 1909. Few years later, he described two-staged intramedullary tumor spinal 
cord surgery in 1911 when he was forced to stop an initial surgery due to patient’s 
hemodynamic instability [27]. The first-stage procedure consisted of a posterior mid-
line myelotomy and non-dural closure only [28]. A week later when performing the 

Fig. 1.8 Charles A. Elsberg. 
Reprinted with permission 
from the US National Library 
of Medicine
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second-stage surgery, he discovered that the tumor had expressed itself throughout the 
previously completed myelotomy. Assuring better outcome, the procedure had 
become to be known as extrusion of intramedullary tumors. In a subsequent book 
from 1916, he described the two-step technique as his innovative recommended 
method for operating on such tumors [29]. Moreover, the diagnosis and treatment of 
spinal cord tumors were detailed in his seminal publication from 1925 [30].

Charles Elsberg succeeded in spinal cord surgery at a time when cerebrospinal 
fluid (CSF) tests and plain spine X-rays were the only addition to a clinical neuro-
logical examination. He emphasized the role and importance of careful neurological 
assessment, assisted by spinal manometric determinations, to find out the presence 
and location of intraspinal masses [30, 31]. In 1914, he completed the first success-
ful operation of spinal cord vascular malformation [29]. Therefore, for his enor-
mous contributions to the field, Elsberg may well be considered the father of spinal 
cord surgery [26].

Between 1910 and 1926, Byron Stookey (1887–1966), a neurosurgeon from the 
New York Neurologic Institute and Elsberg’s associate and successor, operated on 
eight cases of pediatric intraspinal tumors [32] (Fig. 1.9). The New York Neurological 
Institute was founded in 1909 as the first hospital in North America exclusively 
devoted to the care of patients with neurological diseases; the first Department of 
Neurological Surgery was established there in 1915 (Fig. 1.10).

Fig. 1.9 Byron Stookey. 
Reprinted with permission 
from the Department of 
Neurosurgery, Columbia 
University
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Since the pioneer works of Krause from Germany in 1912 [25] and Elsberg in 
1916 [29], several authors have contributed to spinal cord surgery to a great extent, 
including Cooper [33], Epstein [34], Guidetti [35], McCormick [36], Malis [37], 
Stein [38], Brotchi [39], Samii [40], and others. Following this, not many surgeons 
initially reported favorable outcomes for the next few decades. Poor diagnostic 
equipment and operative instrumentation slowed better intraspinal tumor outcomes, 
since high mortality and morbidity were frequently associated with surgical 
procedure.

The important step forward in radiologic diagnostics of neural structures hap-
pened in 1918 and 1919 with the introduction of ventriculography and pneumoen-
cephalography [41], as well as the explanation of CSF circulation by Walter Dandy 
(1886–1946) from Johns Hopkins Hospital in Baltimore, MD. Dandy predicted the 
development of air myelography for spinal intradural tumors and lesions, which 
was first performed by Hans Christian Jacobaeus (1879–1937), a Swedish internist 
from Stockholm in 1921 [42].

Fig. 1.10 New York 
Neurological Institute, 
New York, US. Reprinted 
with permission from Oxford 
University Press
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Additionally, in 1922 Charles Elsberg analyzed the efficacy of lipiodol myelog-
raphy aided by intrathecal injection of a non-absorbing iodinated contrast substance 
[43], which had been introduced in 1921 by Jean-Athanase Sicard (1872–1929), a 
French neurologist and radiologist [44].

Myelography then remained the only valuable diagnostic method available for ana-
lyzing structures of the spinal canal until the end of 1960s. With this method, the soft 
tissue contents of the spinal canal were outlined via fluoroscopy when appropriate radio-
graphs were taken. Initially, it utilized air and different iodized oil-soluble non-absorbable 
contrasts injected intrathecally. Ionic water-soluble contrast agent, which has less neuro-
toxicity, was first used in 1931 and resulted in enhanced filling of the nerve root sheets 
with better pathoanatomical visualization compared with oily contrast media. However, 
it was not absorbable and was irritating to the leptomeninges and commonly produced 
arachnoiditis as a consequence of the procedure [45]. To solve this problem (according to 
Almen in 1969 [46]), a non-ionic water- soluble contrast agent of low osmolality was 
devised in 1976, which was tolerated well by patients undergoing the procedure. The 
neurotoxicity of these novel monomeric/dimetric compounds was notably lower than that 
of previous contrast media, which made them capable for investigating the entire spinal 
canal. Myelography provided visualization of the spinal cord contours, revealing a spinal 
mass as a complete or partial block in the flow of the intrathecal contrast material. 
Accordingly, the historic classification of spinal tumors was based on myelography find-
ings with three main tumor groups identified: extradural tumors, intradural extramedul-
lary tumors, and intradural intramedullary tumors. The so-called “cup sign” describing 
the silhouette of the lesion against the opacified CSF became typical of intradural extra-
medullary lesions compressing the spinal cord. However, a complete myelographic block 
may occur with larger lesions occupying the entire spinal canal.

1.4.5  Harvey Cushing and Developments between the Two 
World Wars

After World War I, neurosurgical specialization became the paradigm for decisive 
and meticulous surgical methods. Harvey Cushing (1869–1939), considered the 
father of neurosurgery, graduated from Yale University and attended Harvard medi-
cal school. Although he was more interested in cranial surgery than spinal surgery, 
he brought critical modifications in pre-operative preparation and surgical tech-
nique. His own surgical technique, promoted at John Hopkins Hospital in Baltimore, 
Maryland and then prevalent in the US, was slow, time-consuming and methodical, 
but achieved extremely successful outcomes, which consisted of accurate anatomi-
cal dissection, gentle handling of tissues, and meticulous control of bleeding, and 
soon became the overwhelmingly accepted surgical standard. This standard origi-
nated from his mentor, William Halsted (1852–1922), who is largely recognized as 
the father of modern surgery in the Western Hemisphere.

Cushing did not appreciate Victor Horsley’s surgical manner, as it was entirely in 
contradiction with his own training, operative philosophy, and technique. Stunned 
by Horsley’s fast and unscrupulous surgical method, he proclaimed: “There was 
nothing of modern neurological surgery that could be learnt from Horsley” [20].
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In 1926, Cushing and William Bovie (1882–1958), a Harvard physicist, devel-
oped an efficient electrocautery system—the unipolar [47]. In 1928, they reported 
the use of radio frequency electrical currents (i.e., loop electrode) to better control 
bleeding and facilitate the removal of intracranial tumors [48]. Cushing’s utilization 
of electrocautery stemmed from his guiding principle of avoiding neural tissue 
lesion by maintaining meticulous hemostasis throughout surgical procedure. 
Certainly, by the 1930s, the Cushing school entirely dominated world neurosurgery, 
which continued well into the second half of the twentieth century.

In 1929, Walter Dandy, another acclaimed neurosurgical technician from Johns 
Hopkins Hospital, was the first to recognize the true nature of herniated interverte-
bral discs as a herniation of intervertebral cartilage rather than a tumor [49]. He also 
described its association with sciatica and a consecutive neurological deficit, detail-
ing the spinal surgical pathology most accurately. At the same time, Franc Ingraham 
(1898–1965), a gifted pediatric neurosurgeon and one of Cushing’s disciples, estab-
lished the first pediatric neurosurgical unit in the world at Boston Children’s 
Hospital in 1929 [50]. Between 1918 and 1938, he reported 16 cases of surgically 
treated intraspinal tumors in children [51]. In 1933 W. Gayle Crutchfield (1900–
1972) first described skeletal traction, providing a way to maintain better alignment 
of the injured cervical spine [52]. In 1939, another key accomplishment in spinal 
cord surgery was achieved when Horrax and Henderson reported total resection of 
an ependymoma occupying the entire spinal cord length [53]. The tumor was suc-
cessfully removed by consecutive surgeries bearing satisfactory recovery [53].

During the 1940s, James Greenwood, Jr. (1907–1993) introduced electrosurgery 
with bipolar coagulation at Methodist Hospital in Houston, Texas [54]. Aided by the 
implementation of magnifying loupes, he successfully developed the technique of 
total intramedullary spinal cord tumor resection [55, 56]. He has made many other 
contributions to neurosurgery, including surgery of cervical spondylosis, and the 
use of bipolar coagulation in removal of intramedullary tumors (ependymoma) of 
the spinal cord [54, 57].

1.4.6  Developments in the 1950s

Spinal surgery in the early 1950s still consisted of a limited number of procedures 
and diagnostic tools. Almost all surgeries were performed by the large posterior 
approach to the spine and a huge laminectomy. Plain X-rays vertebrograms and 
lumbar myelography remained the only diagnostic tools available, but were less 
reliable than physical examination itself. However, a few successful series advo-
cated increased aggressiveness of spinal cord tumor surgeries [58, 59]. Anterior 
cervical discectomy for cervical spine degenerative disease was first performed by 
Cloward [60] and Robinson and Smith [61], while trauma surgery for spinal injuries 
was mainly developed from experiences gained during war and military conflicts.

During the same decade, Isadore Tarlov (1905–1970) from the Montreal 
Neurological Institute contributed to the study of the anatomy and pathology of 
spinal nerves, and the arachnoid space. He also described sacral nerve root 
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cysts—which bear his name—for the first time, and introduced the use of fibrin glue 
to spine surgery [62, 63].

In 1957, Theodore Kurze (1922–2002) from the University of Southern 
California, Los Angeles described the first neurosurgical use of operative micro-
scope for the resection of an acoustic neurinoma [64]. However, microsurgery was 
not employed for spinal cord pathology prior to the 1970s.

Leonard Malis (1919–1995) substantially modified the electrosurgical concept, 
devising bipolar coagulation forceps at Mount Sinai Hospital, New  York, which 
became commercially available in 1955. He effectively applied this technique to 
spinal cord tumor surgery [37, 65]. The introduction of bipolar coagulation forceps 
was an essential move in promoting adequate perioperative hemostasis, permitting 
spine surgeons to become true microsurgeons [66–68]. It soon became the standard 
neurosurgical instrumentation of today.

1.4.7  Developments in the 1960s and 1970s

During the 1960s, when technological progress significantly decreased surgical 
morbidity, many surgical advances followed, including the introduction of instru-
mented lumbar fusion [69–71]. Paul Harrington (1911–1980) introduced a system 
of distraction and compression rods and hooks, which was adapted to the treatment 
of spinal fractures and dislocations [69, 72]. In the meantime, management proto-
cols that tried to avoid the risk of increasing postoperative neurological deficit for 
spinal cord tumors—decompressive laminectomy, tumor tissue biopsy, and adju-
vant radiation therapy—became the surgical standard [73, 74]. However, diagnoses 
were still frequently established late in the clinical course of the patient’s 
condition.

In 1966 M. Gazi Yasargil (b 1925) started experimental works on canine cerebral 
arteries, which many consider the birth of microneurosurgery [75]. A year later, 
Yasargil implemented the microneurosurgery method in Zürich, Switzerland [76]. 
His ingenuity in developing microsurgical techniques has transformed outcomes in 
patients whose medical conditions were previously inoperable [77]. He conceived 
microsurgical instruments and the floating operative microscope, as well. Yasargil 
and his team also showed much improved results with the help of the operative 
microscope and bipolar coagulation in facilitating the surgical approach to the spi-
nal canal and its neural structures [78]. He also described the treatment of spinal 
cord vascular malformations by microsurgical excision [78–80]. Therefore, it can 
be said that virtually every neurosurgical procedure performed today, including sur-
gery of the spinal cord, has been affected by his ingenuity.

During the same decade, noteworthy advances were also made with the advent of 
spinal angiography, which generated better visualization and further understanding 
of normal spinal vasculature and the pathophysiology of intradural spinal tumors 
and malformations.

The existing surgical treatment of spinal intradural tumors did not develop before 
the 1970s due to previously narrow visualization and technical possibilities, as well 
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as the imminent peril of infections [81]. In 1971, Godfrey Hounsfield (1919–2004), 
an English electrical engineer, invented the CT scanner, which was introduced into 
practice with a successful scan on a cerebral cyst patient at Atkinson Morley 
Hospital in Wimbledon, London [82, 83]. Multiplanar computerized spine imaging 
has soon become one of the most valuable radiological tools in diagnosing spine 
disorders. During the same decade, Paul Lauterbur (1929–2007), an American 
chemist, and Peter Mansfield (1933–2017), a British physicist, developed magnetic 
resonance imaging (MRI). Raymond Damadian (b 1936), an American physician 
and medical practitioner, constructed the first commercial MRI scanner for medical 
practice in 1977. Magnetic resonance imaging soon become the most powerful and 
reliable diagnostic tool in the history of medicine [84]. The operative microscope 
was fully employed for spinal cord pathology during the same decade facilitating 
precise and safe tumor removal.

Minimally invasive spinal surgery also advanced in the same decade, including 
the first percutaneous discectomy and the use of the anterior approach to the lumbar 
spine [85, 86]. The advantage of minimally invasive surgery was a reduced recovery 
time, resulting from less muscle and tissue manipulation [85]. In addition, it kept 
skin and muscle incisions small, reduced the exposure to possible infection, and 
enabled the operative wound to heal faster. Some procedures may be performed 
in local anesthesia on a very short hospital stay and/or on an outpatient basis.

The use of endovascular therapy in the management of vascular intraspinal 
tumors also gradually evolved during the 1970s [87, 88].

In the subsequent years, a handful of neurosurgeons reported their thriving expe-
rience with spinal intradural tumors in children, too [2, 89–92].

1.4.8  Introduction of Imaging and other Technological 
Advances in the 1980s

The first report of modern radiological body imaging and scanning employment in 
diagnostics of spinal issues appeared in 1980, which was dramatically improved by 
mid-decade, particularly with regular employment of spinal MRI, which enabled 
considerable advances in tumor identification and localization compared with the 
previous diagnostic modalities. The first series describing MR imaging of the spinal 
cord in 17 patients was published in 1984 [84]. By the end of the decade, the MRI 
became the diagnostic tool of choice for the spinal cord. In assessing patients with 
potential cord compression in whom MRI was contraindicated, water soluble low 
ionic contrast enhanced CT myelography was successfully applied [46].

In the same decade, other technological advances moved spinal surgery forward. 
Intraoperative ultrasound was introduced in the early 1980s, being first used for 
cranial surgery and the spinal surgery shortly thereafter [93]. It has permitted opti-
mization of surgical exposure and precise positioning of the myelotomy [94, 95].

Cavitron ultrasonic surgical aspirator (CUSA) was used for controlled tumor tis-
sue removal without adversely affecting the surrounding healthy tissue. The CUSA 
is a device that generates mechanical energy of high frequency ultrasonic waves to 
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produce tissue cavitations [96]. This instrument was first applied for the removal of 
dental plaque in 1947. Since 1967, an ophthalmologic procedure for cataract 
removal was successfully developed, which prompted attempts to adapt it to neuro-
surgical procedures [96–99].

In 1916, the British physicist and Nobel Prize laureate John W. Strutt (1842–
1919) first discovered the effect of cavitation, which is defined as the process of 
formation of the vapor phase of a liquid when it is subjected to reduced pressures at 
constant ambient temperature. Strutt concluded that a small jet stream of water may 
be responsible for the structural damage of the surrounding matter. Justifying a 
similar principle, high-speed mechanical waves can be used in non-elastic media, 
such as water, to create a cavitation effect. If this phenomenon is applied to water- 
rich tissues, such as neural tumor, the final effect is the destruction of all tumor cells 
while preserving structures rich in collagen and low in water, such as healthy neural 
tissue, blood vessels, and nerves.

The CUSA was initially used in spinal cord surgery in 1982 as described by Fred 
Epstein (1937–2006) from New  York, a pediatric neurosurgeon credited for the 
development of this operative technique suitable to treat children with spinal cord 
tumors that were once thought to be incurable because of their location [100–102]. 
He also reported a pediatric series of intradural spinal tumors managed by surgery 
alone [34].

Further regular employment of MRI in daily diagnostics and the incorporation of 
an operative microscope and ultrasonic aspirator in neurosurgical routine have made 
spinal intradural tumor surgery more accurate and secure.

The treatment of spinal intradural tumors and vascular malformations was fur-
ther expanded with the regular use of interventional neuroradiology [87]. These 
lesions were embolized either as a primary treatment option or prior to open micro-
surgical procedure. Although embolization and intramedullary microsurgery were 
established as the methods of management choice for spinal arteriovenous malfor-
mations (AVMs), the difficulty of totally removing intramedullary lesions without 
endangering spinal cord function was still a problem during the 1980s [79, 80].

Frameless stereotaxy was first proposed in the 1980s for cranial surgeries [103], 
even though it would be a number of years until the technology was fully imple-
mented for spinal surgery.

1.4.9  Developments in the 1990s

With further improvements in operative and endovascular techniques, the number of 
patient series subsequently increased in the 1990s, but management protocols still 
varied significantly. The concept of total tumor resection was increasingly becoming 
accepted. The satisfactory results presented by Brotchi [39], Jallo [59], and Nadkarni 
and Rekate [104] supported this opinion. McCormick published a large surgical 
series demonstrating excellent long-term outcomes for surgery of spinal ependymo-
mas, establishing a clinical grading system for these tumors [36]. Klekamp and 
Samii reported a series of 782 spinal tumors, concluding that MRI has shortened the 
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time until diagnosis, and made it possible to perform surgery before severe deficits 
have occurred, but did not have a major impact on postoperative results [105, 106]. 
In spite of that, some authors still emphasized the role of adjuvant oncological thera-
pies, including chemotherapy and partial surgical tumor resection, arguing that intact 
neurological function should be maintained at all costs [107].

1.4.10  Current Innovators in the Field

Volker Sontag (b 1944) from Barrow Neurological Institute, Phoenix, AZ has 
improved complex spinal surgery of tumors and fractures, including advanced bone 
fusion techniques, which were previously an exclusive domain of orthopedic sur-
geons. The methods soon became broadly accepted standard neurosurgical proce-
dures. His scientific contributions consist of more than 450 published peer reviewed 
articles, mainly concerned with spinal neurosurgery [108].

Another leader to gain prominence in the field, Edward Benzel (b 1948) from 
Cleveland Clinic, Cleveland, OH focused on spinal disorders, including cervical 
spondylosis and syringomyelia, complex spine instrumentation, and spine tumors. 
He also contributed greatly to better understanding of spinal biomechanics and 
dynamics for spinal tumor and degenerative diseases [109]. He and his team paid 
particularly close attention to dorsal approaches to intradural extramedullary tumors 
of the craniovertebral junction [110].

During the 1990s, preoperative tumor embolization was regularly applied 
and was considered both safe and beneficial in reducing intraoperative blood 
loss and operating time. Endoscopic, video-assisted minimally invasive spinal 
surgery techniques were also perfected during 1990s, gaining various diversifi-
cations in their clinical practice [111]. In 1995, Hamilton et al. firstly described 
the possibility of linear-accelerator based stereotactic radiosurgery for spinal 
tumor treatment [112].

The probability of harmless tumor removal was greatly advanced with the imple-
mentation of intraoperative motor evoked potential monitoring [113]. In 1998, 
Kothbauer et  al. confirmed improved postoperative motor function in patients 
undergoing surgery for intramedullary spinal cord tumors when intraoperative neu-
rophysiological monitoring was used [114].

1.5  Contemporary Spinal Surgery of the Twenty-First 
century and Future Perspectives

Since the beginning of twenty-first century, the number and scope of intradural spi-
nal tumor and spinal cord surgeries multiplied immensely, having decreasing mor-
bidity and close to zero mortality, as well as increasing favorable management 
outcomes (The timeline of major events in the history of spinal surgery and surgical 
treatment of spinal intradural tumors is depicted in Table 1.1).
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Table 1.1 Timeline of major events in the history of spinal surgery

Date Event
Circa 3000 bc Egypt: Spinal traction was successfully used to reverse a paralyzing cervical 

spine—The oldest neurosurgical procedure recorded.
Circa 1700 bc Edwin smith papyrus: Spinal injury was recognized as the gravest one, bearing 

a poor outcome which was typically fatal.
First century 
bc

Hippocrates (460–375 bc) provided evidence concerned with clinical 
implications of spinal cord damage.

First century 
ad

Galen of Pergamon (ad 129–200) proposed the removal of compressive bone 
fragments from the vertebral canal in case of vertebral body fracture.

First century 
ad

Avicenna (ad 980–1037) discussed on various ranges of spinal injuries 
evaluating their outcomes and prognosis.

1538 Andreas Vesalius (1514–1564) contributed to the understanding of the spinal 
cord, describing and illustrating it, devising the names for every spinal level.

1846 Implementation of inhalation agents for general anesthesia.
1867 Introduction of Listerian principles of antisepsis.
1870s William Macewen (1848–1924) advanced spinal surgery, successfully 

operating on hematomas of the spine.
1877 Recognition of the germ theory of infection.
1887 Introduction of the exact localization of neural structures and lesions.
1887 Victor Horsley (1857–1916), the first surgeon to successfully resect an 

intraspinal extramedullary tumor.
1907 Anton von Eiselberg (1860–1939), the first detailed description of a successful 

resection of primary intramedullary tumor.
1909 Charles Elsberg (1871–1948) carried out successful removal of intramedullary 

spinal cord tumor.
1919 Walter Dandy (1886–1946) predicted the development of air myelography for 

spinal intradural tumors and lesions
1926 Harvey Cushing (1869–1939) and William Bovie (1882–1958) developed an 

efficient electrocautery system for hemostasis—The unipolar.
1940s James greenwood, Jr. (1907–1993) introduced electrosurgery with bipolar 

coagulation and implemented magnifying loupes.
1950s Isadore Tarlov (1905–1970) introduced the use of fibrin glue to spinal surgery.
1955 Leonard Malis (1919–1995) devised bipolar coagulation forceps for better 

control of perioperative hemostasis.
1957 Theodore Kurze (1922–2002) described the first neurosurgical use of 

operative microscope.
1967 M. Gazi Yasargil (b 1925) introduced microneurosurgery in routine 

neurosurgical practice.
1971 Godfrey Hounsfield (1919–2004) invented the CT scanner, soon becoming 

one of the most valuable radiological tools in the diagnostics of spine 
disorders.

1977 Raymond Damadian (b 1936) constructed the first commercial MRI scanner 
for medical practice.

1980s Intraoperative ultrasound introduced in the early 1980s, permitting 
optimization of surgical exposure and precise positioning of myelotomy.

1982 Fred Epstein (1937–2006) initially used the Cavitron ultrasonic aspirator 
(CUSA) in the spinal cord surgery.

(continued)
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The expansion of advanced imaging software and hardware has definitely 
improved the possibility to visualize intradural and spinal cord structures non-
invasively. Contemporary spinal angiography was improved, including digital 
subtraction angiography and magnetic resonance/computed tomography-based 
techniques for noninvasive imaging of spinal blood vessels. Spinal multi-slice, 
multi-detector CT angiography and paramagnetic contrast enhancement on a 
3.0  T magnetic resonance angiography (MRA), which are both fast and safe 
methods, can clearly show the extent, location, and vasculature of intraspinal 
lesions.

Based on the data collected between 1980 and 2012 from the spinal cord data-
base (n = 1317 patients with tumors of the spinal canal), it is concluded that intra-
medullary tumors should be surgically treated as soon as neurological symptoms 
appear. Considerable surgical experience is required also to achieve high rates of 
total tumor resection and to limit rates of permanent morbidity [105].

Modern surgical strategies have been profoundly modified and diversified, 
mainly with the introduction of state-of-the-art devices like high-field MRI, 
3-dimensional (3D) CT and MR spinal angiography, CUSA, and preoperative/peri-
operative neurophysiology like somatosensory evoked potential (SSEP) and motor 
evoked potential (MEP) in everyday practice. Intraoperative neurophysiological 
monitoring is becoming routinely used to monitor intraoperative neural tissue 
manipulation and postoperative recovery [113].

Three-dimensional printing allows for custom-made manufacturing of spinal 
components to reconstruct the spine or produce personalized spine models, allow-
ing for better and more accurate tumor resection and spinal reconstruction planning 
[115]. Simultaneously, Foley et al. [116], described virtual fluoroscopy and its suc-
cessful use in various spinal surgical methods, which minimize paravertebral tissue 
trauma without compromising the quality of spinal procedure. At the same time, 
Ziya Gokaslan et al. markedly improved the surgical treatment of spinal tumors and 
complex spinal reconstructions, developing novel surgical methods to treat some of 
the most difficult tumor types, including spinal metastases, paying special attention 
to spinal instrumentation after tumor resection [117–119].

Precise and detailed neural lesion localization aided by the availability of the 
most modern diagnostic tools has become the normal part of the everyday neurosur-
gical protocol when intraspinal tumors are concerned. The whole discipline of 

Table 1.1 (continued)

Date Event
1990s Preoperative tumor embolization became regularly applied in reducing 

intraoperative blood loss and operating time.
1990s Endoscopic and video-assisted minimally invasive spinal surgery techniques 

perfected.
1990s Intraoperative neurophysiological monitoring implemented.
1990s Stereotactic radiosurgery introduced for spinal tumor treatment.
Future 
perspectives

Image-guided surgery, virtual reality and robotic surgery supported by 
regenerative medicine and nanotechnology.
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stereotactic spinal neuronavigation was introduced to the neurosurgical routine, 
directing a great deal of neurosurgeons’ actual practice today.

Radiotherapy of spinal cord tumors, which have more infiltrative growth than 
other tumors of the spinal canal, may be given as a definitive treatment or more 
commonly as an adjuvant therapy. Advancements in the technology have made the 
delivery of high precision radiotherapy like 3-D conformal radiotherapy, intensity 
modulated radiotherapy, and stereotactic radiosurgery feasible and safe [120]. In 
general, completely resected spinal cord tumors do not require any adjuvant radio-
therapy. However, subtotally resected tumors, due to a significant risk of recurrence 
and progression, should be considered for postoperative radiotherapy to improve 
outcomes [35], and avoid radiation myelopathy [120]. The only situation in which 
emergency radiotherapy may be considered without surgery and histopathological 
tumor identification is imminent spinal cord compression not amenable to surgery 
due to medical contraindications [120].

Recent advances in technology enable stereotactic radiosurgery to be extended to 
intraspinal lesions. Robotic, frameless stereotactic radiosurgery offers a precise 
non-invasive radiation treatment option for spinal tumor patients who are unable to 
undergo surgery because of tumor location or other factors. The sophisticated soft-
ware is designed to pinpoint a spinal tumor’s exact location in real time, allowing 
for more precise, selective radiation delivery while reducing the surrounding sensi-
tive spinal cord tissue damage.

Contemporary management protocol of intramedullary spinal cord tumors 
involves radical tumor resection with adjuvant radiation and/or chemotherapy, 
depending on the tumor’s histopathological type and grade. However, despite 
advances in surgical therapy, this protocol still carries considerable morbidity [119].

The concept of image-guided surgery signals the emergence of a completely new 
era in intradural and spinal cord surgical treatment based on replacing direct visual-
ization with radiographic visualization. Image-guided surgery has enabled more 
precise manipulation, and a reduction in surgical exposure, duration, as well as 
decreased perioperative blood loss, assuring a better prognosis. Concurrently, it 
appears to herald a thrilling prospect in which virtual reality and robotic surgery 
supported by regenerative medicine and nanotechnology will emerge as modern 
spinal techniques of the future.

1.6  Conclusion

Spinal surgery and spinal cord operative procedures developed occasionally and 
disproportionally throughout the ages, mostly due to lack of knowledge and evi-
dence, as well as a lack of proper diagnostics and appropriate instruments. 
Accordingly, it saw no major progress and seldom advanced until the beginning of 
the nineteenth century. Afterwards, spinal surgery concurrently followed the slow 
but steady general advancement in modern medicine and surgery.

Spinal surgery has recently proceeded from decompression procedures to com-
plex spinal reconstruction and meticulous neural tissue handling because of 
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broad- based technological advances, beginning with the advent of operative micro-
scope, and spinal CT and MRI as the most accurate diagnostic tools.

Modern spinal surgical techniques and strategies are a result of increased under-
standing of the anatomy, biomechanics, and physiology of the spine, spinal cord, 
and the central nervous system. The technological progress of spinal surgery has 
coincided with a simultaneous increase in the number of innovative surgeons and 
researchers, academic institutions, and government public health agencies, and the 
rise of medical industry. Consequently, better surgical training of operative person-
nel is broadly achieved, supported by telementoring and virtual operative simula-
tion as teaching methods of the future.

More thorough imaging studies of clinical findings, improved image-guided sur-
gical techniques, intraoperative electrophysiological monitoring, and enhanced 
knowledge of tumor molecular biology will undoubtedly result in more advanced 
and successful surgical management of patients with intradural spinal tumors, lead-
ing to major functional recovery.

Knowledge and understanding of intradural spinal tumors is necessary to devise 
suitable management protocol and to achieve the best possible patient outcomes. 
Careful operative technique and the use of particular surgical armamentarium and 
accessories are vital to carrying out proper tumor removal, lessen tumor recurrence, 
reduce postoperative complications, and maintain neurologic function. Therefore, 
contemporary surgical management protocol should be grounded on tumor type, 
molecular biology, volume, and location, which is highly individualized for each 
and every patient. Regardless of major progress in diagnostics and operative tech-
niques, surgical management of such tumors still requires detailed clinical under-
standing and mandates subtle caution during surgical procedure.

Using a surgical course for intradural spinal tumors has not been fully achieved 
despite the generally widespread tendency toward more aggressive microsurgical 
procedures. Nevertheless, the question of whether spinal cord tumor patients with 
minor clinical signs and symptoms should be candidates for more aggressive surgi-
cal management is still open to discussion. This may be resolved in the upcoming 
years utilizing new concepts of virtual reality and robotic spinal surgery.
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2.1  Introduction

Primary spinal tumors are a group of tumors which originate from the spinal cord 
(intradural) or the vertebral column (extradural). In contrary, the metastatic tumors 
of these regions constitute the secondary tumors of the spine which metastasis or 
extend to these spinal compartments from a long-distance via hematogenous way or 
from close surrounding structures. The primary tumor group includes a wide range 
of neoplasms that can be encountered throughout the spine. Primary tumors of the 
spine commonly originate from cartilaginous, osseous, neural, and perineural struc-
tures. Although, these tumors differ significantly from each other in terms of origin 
and location, improper use of the correct terminology related to the spinal tumor 
classification and its subtypes can be found in the literature. To eliminate this confu-
sion, and for the ease of understanding, clarification of the relevant definitions of 
these terms is of great importance and priority. The terminological contradiction is 
commonly found between the terms “spinal tumor” and “spinal cord tumor.” These 
two terms are sometimes used interchangeably. Even when it does not originate 
from the spinal cord, any pathology affecting the spinal cord—whether it is a meta-
static or primary vertebral column tumor—can be misnamed as spinal cord tumor 
without considering its origin.

The term “spinal tumor” is a general term and includes both intradural and extra-
dural pathologies (Table 2.1). Spinal tumors are broadly categorized according to 
their origin, and include both “spinal cord tumors” and “vertebral column tumors.” 
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Vertebral column tumors originate from osseous and cartilaginous structures and can 
be primary or metastatic. Spinal cord tumors primarily originate from the cellular 
elements of the spinal cord and are thus termed as “intradural-intramedullary tumors.” 
Nevertheless, entire intradural-extramedullary pathologies, even if they do not origi-
nate from the spinal cord, can be evaluated under the title of primary spinal cord 
tumor, such as meningiomas. Intradural tumors can either be intramedullary, extra-
medullary, or both. Extramedullary tumors originate from peripheral nerve roots (or 
meninges) and are not part of the essential nature of spinal cord, whereas intramedul-
lary tumors originate from glial and support cells in the spinal cord. In this chapter, 
the term “spinal cord tumor” will be used to express entire intradural pathologies.

Primary spinal cord tumors constitute between 4 and 16% of all tumors of the 
central nervous system (CNS) in adults (Table 2.2). Total age-specific incidence rate 
is 0.74–2.5 per 100,000 persons [1–4]. Primary spinal cord tumors are less common 
than their cranial counterparts, although they are histopathologically similar. Some 
tumors may be in multiple compartments and are called dumbbell tumors. These are 
intradural-extramedullary tumors and constitute 54% of all primary spinal cord 
tumors, whereas intradural intramedullary tumors and dumbbell tumors constitute 
18% and 22%, respectively [5].

Table 2.1 Spinal Tumors

Vertebral column tumors (Extradural) Spinal cord tumors (Intradural)
Primary Primary
Malignant tumors Intramedullary tumors
  Osteosarcoma   Astrocytoma
  Chondrosarcoma   Ependymoma
  Fibrosarcoma   Dermoid tumor
  Malignant fibrosis histiocytoma   Epidermoid tumor
  Ewing’s sarcoma   Teratoma
  Multiple myeloma   Lipoma
  Lymphoma   Hemangioblastoma
  Chordoma   Ganglioglioma

  Oligodendroglioma
Benign tumors
  Osteoid osteoma Extramedullary tumors
  Osteoblastoma   Meningioma
  Osteochondroma   Neurofibroma (nerve sheath tumor)
  Enchondroma   Schwannoma (nerve sheath tumor)
  Chondroblastoma
  Chondromyxoid fibroma Dumbbell tumors
  Fibroma
  Giant cell tumor Secondary
  Hemangioma Metastatic tumors
  Aneurysmal bone cyst
  Eosinophilic granuloma
Secondary
  Metastatic tumors
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There is no definite symptom or neurological finding that is pathognomonic for these 
tumors. Spinal cord tumors have characteristics that are related to the compression of 
neural structures. The clinical presentation of these tumors can include a wide spectrum 
of symptoms from insignificant sensation complaints to severe motor deficits.

The incidence of spinal tumors at different frequencies in many populations has 
been demonstrated in various case series. In a study of 678 patients, Hirano et al. 
reported 55.6% male 44.4% female frequency (male/female ratio, 1.25). Of the total 
tumors studied, 18.1% were intramedullary, 54.7% were intradural extramedullary, 
4.1% were epidural, and 22.9% were dumbbell tumors. The pathological diagnoses 
included schwannomas (57.2%), meningiomas (11.6%), ependymomas (8.0%), 
hemangiomas (4.0%), hemangioblastomas (3.4%), neurofibromas (3.4%), and 
astrocytomas (1.3%) during the 2000–2009 period [5, 6].

Duong and colleagues reported that among 11,712 primary spinal tumor inci-
dents diagnosed between 2004 and 2007, 2576 (22.0%) were malignant, and 9136 
(78.0%) were nonmalignant (62.4% benign and 15.6% borderline) [3, 7]. Wu et al. 
reported that out of 184 patients, 82 (44.6%) had metastatic tumors and 102 
(55.4%) had primary tumors; 5.9% patients had intramedullary tumors, 60.8% 
patients had intradural extramedullary tumors, 13.7% patients had epidural tumors, 
and 19.6% patients had dumbbell tumors during the 2002–2013 period [8].

2.2  Genetic Factors

Several genetic factors are associated with intramedullary spinal cord tumors [9]. 
Genetic mutations give information about tumor diagnosis and prognosis, and also 
connects spinal tumors with lesions that occur elsewhere in the body. Diseases 
related to clinical syndromes include neurofibromatosis 1 (NF1), NF2, and Von 
Hippel-Lindau (VHL) syndrome [10]. Neurofibromas are comprised of multiple 
cell types and are associated with NF1.Meningiomas and schwannomas are benign 

Table 2.2 Primary Spinal Cord Tumors

Lesion

Decade of 
life peak 
occurrence

Spinal 
region 
location

Frequency 
(%)

Gender 
ratio 
(M/F) Tumor type breakdown

Ependymoma 3rd–4th Thoracic
Cervical
Lumber

8–14 3/2 72–75% intramedullary 
tumors
10–12% Intradural-
extramedullary tumors

Hemangioma 6th–7th Thoracic
Cervical

4–5 1/1 55–70% intramedullary 
tumors

Hemangioblastoma 3rd–4th Thoracic
Cervical

2–5 2/1 83–90% intramedullary 
tumors

Schwannoma 5th–6th Lumbar
Thoracic
Cervical

49–57 3/2 66–70% Intradural-
extramedullary tumors
28–30% dumbbell tumors

Meningioma 6th–7th Thoracic
Cervical

11–17 1/3 90–95% Intradural-
extramedullary tumors
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tumors and can also be associated with NF2 [11]. Some of hemangioblastomas are 
associated with von Hippel–Lindau disease [4].

2.3  Histological Type of Tumors

Schwannomas, meningiomas, and gliomas are the most commonly reported spinal cord 
pathologies in the literature [12–14]. However, there are limited data on spinal cord 
tumor incidence rates; the patient population in each case series is inadequate to deter-
mine the correct distribution of these pathologies, according to their epidemiologic fea-
tures. Besides, the tumor groups in current studies are heterogeneous and contain various 
pathologic subtypes incompatible with the proper histopathologic classification.

In general, approximately 70% of primary spinal cord tumors are non-malignant 
pathologies [15]. In contrast to adult tumors, more than half of childhood spinal 
cord tumors are malignant. In large series, the most common site of origin for the 
spinal cord tumors is reported differently and at various frequencies.

2.3.1  Ependymoma

Ependymomas are the most common intramedullary tumors [16] (Fig.  2.1). These 
tumors are thought to arise from ependymal cells of the central canal and are considered 
intramedullary. Furthermore, the pathology can also be located extramedullary in the 
filum terminale. As previously highlighted, both types are categorized under primary 
spinal cord tumor and are 1.5 times more common in males. Seventy-two to Seventy-
five of ependymomas are intramedullary; 10% are intradural extramedullary [5] 
(Fig. 2.2). They are most commonly located in the thoracic region. Cervical and lumbar 
distributions are similar. They are diagnosed after 20 years of age and peak incidence is 
in the third and fourth decades of life. Approximately 65% of these tumors are associ-
ated with syrinx formation [17]. Various histologic subtypes of ependymomas exist. The 
most common intracranial subtype is the cellular variant, or the “typical” form. In con-
trast, these tumors arise in the spinal cord as the myxopapillary variant, which is classi-
fied as a World Health Organization (WHO) Grade 1 tumor. Less common variants of 
this tumors in the spinal cord are tanycytic ependymoma (WHO Grade 2), anaplastic 
ependymoma (WHO Grade 3), and subependymoma (WHO Grade 1) (Video 2.1) [15].

2.3.2  Hemangioma

Distribution of hemangioma among males and females is similar to ependymoma. 
Seventy percent of hemangiomas are intramedullary tumors. The remaining 30% 
are extramedullary and very few are diagnosed as dumbbell tumors. They are fre-
quently located in thoracic and cervical regions and are usually diagnosed after 
50 years of age [5].
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Fig. 2.1 (a) Preoperative T2-weighted MRI of a cervical-intramedullary ependymoma on sagittal 
T1 section. (b) T1-axial non-contrast T2-weighted MRI revealing an intramedullary lesion. (c) 
Intraoperative view of the enlarged spinal cord following midline dural incision. (d) Intraoperative 
view of an intramedullary ependymoma following myelotomy. (e) Following tenting of the dura 
and the pial membrane, general view of the tumor with its superior and inferior poles. (f) Total 
removal of the tumor and the resulting tumor cavity
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2.3.3  Hemangioblastoma

Hemangioblastomas are twice as common in males than females [3]. Approximately 
83–90% of these tumors are intramedullary. Forty percent of patients with heman-
gioblastoma are also diagnosed with Von Hippel Lindau Syndrome. The most com-
mon location they occur is in the thoracic region, followed by the cervical region. 
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Fig. 2.2 Sagittal T2-weighted post contrast (a) and axial T2-weighted (b) MRIs of an intradural-
extramedullary conus ependymoma. Dural opening (c) exposing the filum terminale and conus 
medullaris. Intraoperative view of the tumor at the level of the conus medullaris (d) and filum 
terminale (e). Removal of the tumor (f), which is highly adhesive to the rootlets and vasculature
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Hemangioblastomas are usually diagnosed after 20 years of age and peak incidence 
is in the third and fourth decades of life.

2.3.4  Schwannoma

Schwannomas arise from nerve roots originating from the spinal cord [11] 
(Fig. 2.3). They are 1.5 times more common in males. Approximately 66–70% of 
schwannomas are intradural-extramedullary, 28–30% are dumbbell tumors, and 
very few of them are extramedullary. Schwannomas frequently occur at the dor-
sal root and can arise within the intradural space [11]. It is found in the lumbar, 
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Fig. 2.3 (a) Preoperative post-contrast T1-weighted sagittal MRI showing cervical schwannoma. 
(b) Preoperative T1-weighted post-contrast axial MRI of the right-sided cervical schwannoma 
compressing and dislocating the spinal cord. (c) Intraoperative view after midline dural incision. 
(d) Intraoperative view of the tumor, which illustrates the close relationship of the schwannoma 
with the cervical vasculature and rootlets. (e) Safe and total removal of the tumor with preservation 
of neurovascular anatomy. (f) Surgical cavity following tumor removal
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thoracic and cervical regions of the spine and is typically diagnosed after age 30. 
The peak incidence for Schwannomas is in the fifth and sixth decades of life 
(Video 2.2).

2.3.5  Meningiomas

Meningiomas occur in the membranes surrounding the spinal cord [7] (Fig. 2.4). 
They are three times more common in females than in males [18]. About 90–95% 
of meningiomas are intradural-extramedullary [5], and intradural or dumbbell 
tumor appearance is quite uncommon. The most commonplace of occurrence is 
the thoracic region, followed by the cervical and lumbar regions. Meningiomas 
are usually diagnosed after the age of 50 years and the peak incidence is in the 

Fig. 2.4 (a) Preoperative sagittal MRI of an intradural meningioma which is located anterior to 
the spinal cord. (b) The T2 axial contrast-enhanced MRI revealing a broad-based extramedullary 
mass lesion which is compressing spinal cord posteriorly. (c) Intraoperative view that is showing 
the dural protrusion anteriorly following C7 corpectomy and removal of anterior longitudinal liga-
ment. (d) Intraoperative view of the meningioma following dural opening
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sixth and seventh decades of life. Meningiomas have many subtypes. Typical 
meningiomas are classified as WHO Grade 1, atypical meningiomas are classi-
fied as WHO Grade 2, and anaplastic meningiomas are classified as WHO Grade 
3 [15].

2.3.6  Neurofibroma

Neurofibromas arise from nerve root originating from the spinal cord [2]. Distribution 
of male and female patients is similar. Fifty percent of neurofibromas are intradural-
extramedullary; 50% are dumbbell tumors. They are most commonly located in the 
cervical region of the spine, followed by the thoracic region. Half of patients with 
neurofibromas are also diagnosed with Von Recklinghausen syndrome. Diagnoses 
are typically make after age 10 years [4].

2.3.7  Astrocytoma

Astrocytomas arise from cells of tissue that supports nerve cells [19] (Fig. 2.5). 
Their frequency in males and females are equal. Astrocytomas comprise 1% of 
spinal tumors. They are commonly located in the cervical region of the spine 
and often involve multiple spinal segments. Nearly 20% of such lesions are 
associated with syrinx formation [17]. Malignant degeneration develops in 
25% of adult astrocytomas [16]. There are many histopathological subtypes of 
astrocytomas. Pilocytic astrocytomas and subependymal giant cell astrocyto-
mas are classified as WHO Grade 1, pleomorphic and diffuse astrocytomas are 
classified as WHO grade 2, and anaplastic astrocytomas are classified as WHO 
grade 3 [15].

2.3.8  Lipoma

Lipomas are congenital tumors that constitute 1% of spinal tumors. They are com-
monly found in the cauda equina and conus medullaris. Lipomas are the most com-
mon dysembryogenic pathology and are in juxtamedullary locations. They are 
different than other tumors due to their subpial location [5].

2.4  Clinical Features

Spinal cord tumors are usually symptomatic with motor loss, sensory defects 
and urinary incontinence [19]. Neurogenic bladder and total incontinence of 
the bladder sphincter are observed in patients with intramedullary tumors of 
the spinal cord. Sphincter disturbances may be non-specific and the perianal 
reflex may be absent. Upper or lower motor neuron examination findings can 
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Fig. 2.5 (a) Sagittal T2-weighted MRI of spinal cord that is diffusely infiltrated by astrocytoma. 
(b) Diffuse involvement and enlargement of the spinal cord by highly aggressive and infiltrative 
intramedullary spinal cord astrocytoma. Axial T2-weighted MRIs of the spinal cord at the mid-
thoracic (c, d) and lower thoracic (e) level that are revealing the totally infiltrated by the tumor

Y. Ş. Çağlar and İ. Doğan



41

be seen according to the tumor location. Increased deep tendon reflexes, spas-
ticity, atrophy, and fasciculation may provide insight into the location of the 
tumor. Magnetic resonance imaging (MRI) and computed tomography (CT) 
are primarily used for diagnosis. Different methods, such as surgery, medical 
and radiosurgery, are applied for treatment depending on the patient and their 
characteristics.

2.5  Conclusion

There is no clear consensus on classification and proper terminology of spinal 
tumors. Although, the correct histopathologic subtypes for primary spinal cord 
tumors should include the pure intramedullary tumors, it should be known that 
tumors originating from extramedullary structures, such as the dura and nerve 
sheath, are categorized as spinal cord tumors. Spinal cord tumors should be consid-
ered in differential diagnoses when the symptoms and clinical findings of patients 
with spinal complaints are also associated with findings of upper neuron disease. 
The lack of the consensus on a single classification scheme and proper terminology 
is an important factor for correct epidemiologic knowledge of primary spinal cord 
tumors.
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3Spinal Cord Anatomy

David B. Choi, Gahie Nam, Darren M. Groh, Sohail Syed, 
Jared S. Fridley, and Ziya L. Gokaslan

3.1  Overview of the Spine

The spinal cord is a cylindrical structure located within the vertebral canal bordered 
anteriorly by the posterior vertebral body, laterally by the pedicles, and posteriorly 
by the lamina. The bony spinal column consists of 33 total vertebrae: 7 cervical, 12 
thoracic, 5 lumbar, 5 sacral, and 4 coccygeal vertebrae.

The spinal cord begins at the foramen magnum of the skull as a direct continua-
tion of the medulla oblongata and terminates as the conus medullaris at the level of 
either the lumbar L1 or L2 vertebral body, although variations in termination level 
do exist [1–3]. Caudal to the conus medullaris, there is no longer spinal cord, but 
rather free-floating nerve roots collectively known as the cauda equina, correspond-
ing to the lumbar, sacral, and coccygeal nerve roots. Only during early embryologic 
development does the spinal cord span the entire spinal column. Due to develop-
ment and growth, the cord appears to terminate in the upper lumbar spine.

On gross examination of surface anatomy, one cannot appreciate the transition 
from spinal cord to cauda equina due to the uniform tubular contour created by the 
dura mater, of which only one layer envelops the spinal cord. Dura mater overlying 
the brain consists of two layers: an outer periosteal layer and an inner meningeal 
layer. The periosteal layer is adherent to the inner surface of the skull and does not 
extend beyond the foramen magnum. Therefore, the inner meningeal layer is the 
only dural layer overlying the spinal cord. The dura mater from the brain continues 
to the spinal cord and terminates in the second sacral vertebra where it joins the pia 
mater to taper into a filament known as the coccygeal ligament, anchoring the spinal 
cord to the coccyx [1].
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3.2  Embryology

Development of the spinal cord begins as early as the second week of gestation, and 
occurs as three stages: gastrulation, primary neurulation, and secondary neurulation 
[2]. During gastrulation, the embryo differentiates into three distinct germ cell lay-
ers: ectoderm, mesoderm, and endoderm. Ectodermal epiblast cells on the dorsum of 
the embryo migrate to the midline to form the primitive streak and primitive groove 
[4]. The primitive node lies at the edge of the primitive groove and forms the noto-
chordal process, a tube-like structure of mesoderm cells that remains ventral to the 
ectodermal cells. The overlying ectodermal cells form the neural plate, which will 
play an important role in the next stages of development. Additional epiblasts migrate 
to the interior of the embryo via the primitive streak in a process known as ingression 
to form the ventral endoderm. The notochord is a transient embryologic structure that 
eventually becomes the nucleus pulposus within intervertebral discs. Gastrulation 
abnormalities can result in anterior meningocele and split cord malformations.

The next two steps in spinal cord development are primary and secondary neuru-
lation, the processes by which the neural plate edges fold and join to form the neural 
tube. Primary neurulation begins around post-ovulation day 16. This stage marks the 
formation of cervical, thoracic, lumbar, and first two sacral segments. The edges of 
the neural plate elevate to form neural folds, beginning in the cervical region [4]. 
Neural plate formation and folding, as well as fold fusion, occurs during this time. 
The neural tube openings, or neuropores, at the anterior and posterior ends close on 
post-ovulation days 25 and 27, respectively. Open neural defects occur because of 
abnormalities at this stage.

Secondary neurulation begins around post-ovulation days 25 to 27. Undifferentiated 
ectodermal cells at the caudal end of the neural tube form the tail bud, or caudal cell 
mass. The tail bud ultimately forms the central canal, which spans the entire length 
of the neural tube. The caudal portion of the tail bud regresses to form the filum ter-
minale. The remaining sacral segments also form during this stage. By the fortieth 
week of gestation, the conus can be found at lumbar levels L1 or L2.

Once the neural tube closes, three distinct layers can be identified: matrix, mantle, 
and marginal layers. The matrix layer surrounds the central canal and gives rise to 
neuroblasts, which migrate via radial migration [5]. Neuroblasts also originate from 
neuroepithelial cells on the wall of the neural tube. These neuroblasts form the man-
tle cell layer, which will become the gray matter of the spinal cord. The marginal 
layer becomes white matter [4]. The ventral mantle layer forms the basal plates, 
which will become the motor horn, while the dorsal mantle layer forms the alar 
plates, which will become the sensory horn. The basal and alar plates are separated 
by the lateral sulcus limitans.

3.3  Organization of the Spine

3.3.1  Nomenclature of Spinal Cord Levels

The designation of spinal cord levels is an artificial concept but helps clinicians to 
reliably communicate clinically significant findings. A solid understanding of the 
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fundamental cord nomenclature, therefore, is necessary. Although the spinal cord 
itself is a single, contiguous entity, discrete axial cross-sectional levels of the cord 
can be identified and organized relative to the bony anatomy of the spine.

The cervical spinal cord corresponds to cervical vertebrae C1–C7 (Fig. 3.1). The 
thoracic spinal cord spans from thoracic vertebrae T1–T12. The spinal cord termi-
nates as the conus medullaris, usually at T12 or L1, below which the cord becomes 
the cauda equina, corresponding the lumbar vertebrae L1–L5. The sacrum consists 
of five segments, while the coccyx consists of four segments.

3.3.2  Nomenclature of Spinal Nerves

A total of 31 paired nerves originates from the spinal cord: 8 cervical, 12 thoracic, 
5 lumbar, 5 sacral, and 1 coccygeal pairs. Paired nerves exit the spinal cord 

Fig. 3.1 Sagittal MRI of the 
spine spanning cervical, 
thoracic, lumbar, and sacral 
regions
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bilaterally and traverse inferior to the pedicles and laterally through the neural 
foramina, or intervertebral foramina. In the cervical spinal cord, there are eight 
nerves, but only seven vertebrae. Therefore, the nomenclature of the cervical 
nerves is unique in that a given nerve exits above its corresponding numbered 
cervical vertebra. For example, the C2 nerve exits above the C2 vertebral body, 
while the C3 nerve exits below the C2 pedicle. The C8 nerves exit below the C7 
pedicles.

In the thoracic and lumbar spines, the numbering of corresponding nerves is 
more straightforward because the number of nerves equals the number of vertebral 
bodies. A given nerve exits below the pedicle of its corresponding level. For exam-
ple, the T12 nerve exits below the T12 pedicle, while the L5 nerve exits inferior to 
the L5 pedicle.

3.4  Gross Anatomy of the Spinal Cord

In axial cross sections, the cervical spinal cord is oval in shape, with the transverse 
diameter longer than the anterior-posterior diameter [5]. The spinal cord at the C1–2 
region is smaller than in the subaxial (C3–7) cervical spine [6]. The subaxial spinal 
cord has a wider diameter due to segmental fibers that supply motor and sensory 
function to the arms and hands via the brachial plexus. This portion is known as the 
cervical enlargement. Maximal spinal cord diameter in the cervical cord occurs at 
C5–6, with a transverse diameter of approximately 13 mm, and an anterior-posterior 
diameter of 7.5 mm [5].

The thoracic and lumbar segments take a rounder shape. The smallest diameter 
throughout the spinal axis occurs in the thoracic cord, measuring approximately 
6.4 mm. The lumbar spine contains another enlargement due to the lumbosacral 
plexus, measuring 9  mm in the transverse direction and 7  mm in the anterior- 
posterior direction.

Surface anatomy of the cord helps to distinguish dorsal and ventral structures, as 
well as laterality (Fig. 3.2). The anterior median fissure and posterior median sulcus 
occur along the midline and bisect the cord into symmetric right and left halves. On 
either side of the anterior median fissure lie the anterolateral sulci. Along the poste-
rior aspect of the spinal cord lie the posterolateral and posterior intermediate sulci.

3.5  Vasculature

Blood supply to the spinal cord are provided by three main vertically-oriented arter-
ies. The anterior two-thirds of the spinal cord are supplied by the anterior spinal 
artery, which originates from the vertebral arteries and join together at the midline 
at the level of the medulla [5]. A branch of the anterior spinal artery, the sulcal 
artery, supplies the gray matter. The posterior spinal cord is supplied by a pair of 
posterior spinal arteries. These arteries arise from the posterior inferior cerebellar 
artery in 75% of cases, and from the vertebral arteries in 25% of cases.
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Smaller arteries also supplement the three main arteries. The arterial vasocorona 
are anastomoses between the anterior and posterior spinal arteries and supply the 
lateral aspect of the spinal cord. Segmental medullary arteries originate from vari-
ous branches, dependent upon the spinal level: vertebral, ascending cervical, deep 
cervical, posterior intercostal, lumbar, and lateral sacral arteries [7]. These vessels 
supply the spinal cord, as well as the vertebral bone. The largest medullary artery is 
the artery of Adamkiewicz, which originates from an intercostal artery, arising from 
the aorta, in the lower thoracic spine at levels T8–T12. This artery also occurs more 
often on the left side.

Spinal veins follow a similar course as the arteries. The anterior and posterior 
spinal veins drain the interior of the spinal cord. Radicular and spinal veins then 
carry blood to the internal vertebral venous plexus, which lies in the epidural space 
in the spinal canal [7]. The intervertebral and basivertebral veins connect the inter-
nal plexus with the external venous plexuses, which then ultimately drain into the 
azygos system.

3.6  Blood–Spinal Cord Barrier

There is a blood-spinal cord barrier (BSCB)—like the blood-brain barrier—that 
helps to protect the spinal cord parenchyma [8]. The BSCB is composed of non- 
fenestrated capillary endothelia, capillary pericytes, and astrocytic foot processes. 
Capillary endothelia in the spinal cord, unlike those of the peripheral circulation, are 
non-fenestrated, which limits free transcellular diffusion of molecules. Tight junc-
tions between endothelial cells further ensure restricted diffusion.

Fig. 3.2 Axial cross-section of spinal cord, histologic hematoxylin and eosin stain, demonstrating 
surface anatomy and organization of central gray and peripheral white matter

3 Spinal Cord Anatomy



48

Pericytes are cells associated with capillary vessel walls, separated from the 
endothelium by the basal lamina. These cells communicate with endothelial cells 
via gap junctions. Pericytes play a role in endothelial cell proliferation, migration, 
and differentiation [8]. They are also believed to contribute in the synthesis of basal 
lamina components, such as proteoglycans.

Astrocytes surround the surface of capillaries, and instead of providing mechani-
cal protection of the spinal cord, physiologically manage secretory patterns of capil-
laries. For example, astrocytic foot processes express aquaporin 4 and potassium 
channel Kir4.1, which help to regulate ion and volume concentrations within the 
cord [8].

3.7  Functional Anatomy

On axial cross section views of the spinal cord, gray matter is located centrally, 
while white matter lies in the periphery. The gray matter forms a butterfly-like shape 
within the spinal cord, and the “wings” constitute dorsal and ventral horns, which 
mediate sensory and motor functions, respectively.

3.7.1  Gray Matter: Internal Organization

The gray matter of the spinal cord is organized into 10 laminae, or nuclei, labeled 
I–X. This arrangement was first described by Bror Rexed in 1952 [9] (Fig. 3.3).

• Lamina I is the marginal nucleus or posteromarginal nucleus, located along the 
apex of the dorsal horn of gray matter. Neurons receive input from Lissauer’s 
tract and process information regarding pain and temperature.

Fig. 3.3 Rexed laminae
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• Lamina II is the substantia gelatinosa of Rolando. This layer appears gelatinous 
due to a low concentration of myelinated fibers. First-order neurons of the spino-
thalamic tract synapse at this nucleus, involved in pain reception. C fibers termi-
nate at this layer and conduct poorly localized pain. There are also A delta fibers 
that terminate at this layer, which are involved in relaying fast, localized pain 
sensations [10].

• Laminae III and IV are known as the nucleus proprius. These nuclei are the first 
synapse of the spinothalamic tract, which relays pain and temperature sensation [11].

• Lamina V neurons process sensory information from cutaneous, muscle and 
joint, and visceral nociceptors.

• Lamina VI is located at the base of the dorsal horn of the gray matter. It is respon-
sible for the flexion reflex, prompting withdrawal of extremities from a painful 
stimulus.

• Lamina VII is the intermediolateral nucleus, located in the thoracic and upper 
lumbar spine. This nucleus mediates sympathetic innervation to the body via 
preganglionic fibers (general visceral efferents).

• Lamina VIII contains motor interneurons.
• Lamina IX, located in the ventral portion of the gray matter, contains the phrenic 

and spinal accessory nuclei in the cervical spinal cord, and Onuf’s nucleus in the 
sacral segments, which is involved in urinary and bowel continence. The neurons 
within this nucleus are the origin of the pudendal nerve [12]. This lamina was 
described by Bronislaw Onuf-Onufrowicz in 1899 [13].

• Lamina X circumferentially surrounds the central canal. The function of this 
layer is not fully understood.

3.7.2  White Matter: Descending Tracts

The descending tracts within the spinal cord are classified into two categories: pyra-
midal and extrapyramidal tracts. The two pyramidal tracts are the anterior and lat-
eral corticospinal tracts. The pyramidal tracts are the anterior and lateral corticospinal 
tracts. The four major extrapyramidal tracts are the rubrospinal, reticulospinal, tec-
tospinal, and vestibulospinal tracts. (Fig. 3.4).

Corticospinal Tract. There are two corticospinal tracts: the anterior corticospi-
nal tract and the larger lateral corticospinal tract. Fibers of both tracts do decussate, 
but at distinct levels within the central nervous system. The anterior corticospinal 
tract is responsible for axial and proximal limb movement and is composed of 
descending fibers originating in the motor cortex of the brain. These neurons syn-
apse with second-order neurons within the anterior column of the spinal cord, 
decussating in the anterior horn, ultimately synapsing on the target motor end plate.

The lateral corticospinal tract is the largest descending tract, controlling limb 
movements. Its first-order neurons originate in the premotor and primary motor 
cortex of the brain. These neurons decussate at pyramids within the medulla oblon-
gata, giving rise to second-order neurons. The tract then runs along the lateral col-
umn of the cord, medial to the dorsal spinocerebellar tract. Almost half of these 
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axons synapse in the cervical spinal cord. Fibers mediating the upper extremities are 
located medially, while lumbar and sacral fibers are located laterally [5, 14].

Rubrospinal Tract. The rubrospinal tract mediates voluntary muscle movements. 
Most fibers terminate within the cervical spinal cord, suggesting that the rubrospinal 
tract is more involved with the upper limbs rather than the lower limbs. This tract 
originates in the magnocellular red nucleus within the midbrain. Neurons cross to the 
contralateral side within the midbrain and descend to the spinal cord, where the tract 
travels within the lateral funiculus, ventrolateral to the lateral corticospinal tract.

Reticulospinal Tracts. The reticulospinal tracts originate in the reticular forma-
tion in the brain, diverging onto two separate paths: the medial and lateral reticulo-
spinal tracts. The reticulospinal tracts are involved in volitional motor, fine motor, 
and postural control. The medial reticulospinal tract activates extensor muscles and 
works in conjunction with the vestibulospinal tract to provide postural control. It 
lies posterior to the anterior corticospinal tract. The lateral reticulospinal tract inhib-
its axial extensor muscles and also modulates automatic breathing. It lies medial to 
the lateral corticospinal tract.

Tectospinal Tract. The tectospinal tract originates in the superior colliculus of 
the midbrain, crossing to the contralateral cervical cord. This tract helps to coordi-
nate eye and head movements in response to visual stimuli. This tract lies in the 
anteromedial cord, lateral to the anterior median fissure.

Vestibulospinal Tract. The vestibulospinal tract, which lies in the anterior horns 
of the spinal cord, consists of two components: the medial and lateral vestibulospinal 
tracts. These tracts help to maintain head and eye coordination, as well as postural 

Fig. 3.4 Descending tracts of the spinal cord
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balance. Medial vestibulospinal tract fibers originate in the medial vestibular nucleus, 
which lies within the medial longitudinal fasciculus, terminating in the cervical spi-
nal cord. This tract helps to activate neck muscles that act in concert for coordinate 
head and eye movements. The lateral vestibulospinal tract relays signals to activate 
antigravity muscles, which help to maintain an upright posture.

3.7.3  White Matter: Ascending Tracts

The ascending tracts in the spinal cord convey sensory information from the body to 
the brain, and can be organized into two major categories: tracts conveying conscious 
and unconscious information [5]. The pathways involved in conscious information 
processing are the dorsal column and spinothalamic tracts. The spinocerebellar tracts 
are involved in unconscious information processing. (Figs. 3.5 and 3.6).

Dorsal Column/Medial Lemniscus. The dorsal column pathway of the spinal 
cord carries sensory information to the somatosensory cortex of the brain. Touch, 
vibration, and proprioception are relayed along this tract [15, 16]. First-order neu-
rons originate from the peripheral nerves and ascend to the medulla oblongata. 
Neurons from the lower limbs travel in the fasciculus gracilis, or the medial portion 
of the dorsal column. The upper limb neurons travel in the fasciculus cuneatus, or 
the lateral portion of the dorsal column [17]. Second-order neurons begin in the 
cuneate or gracilis nuclei, and these fibers decussate in the medulla oblongata, 

Fig. 3.5 Ascending tracts of the spinal cord
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terminating in the thalamus. Third-order neurons originate from the ventral postero-
lateral nucleus (VPL) of the thalamus, traveling as the medial lemniscus, via the 
internal capsule and terminating in the primary sensory cortex.

Spinothalamic Tracts. The spinothalamic tracts are comprised of two adjacent 
pathways with two distinct functions: the anterior spinothalamic tract conveys crude 
touch and pressure sensation, and the lateral spinothalamic tract conveys pain and 
temperature sensation. The points of origin are the same for these two tracts, periph-
eral sensory receptors, and they diverge at the level of second-order neurons.

First-order neurons originate in peripheral sensory receptors, and in the spinal 
cord, ascend one or two vertebral levels, and synapse in the substantia gelatinosa 
(Rexed lamina II). Second-order neurons decussate within the spinal cord, via the 
anterior white commissure, and then give rise to either the anterior or lateral spino-
thalamic tract. The fibers have a somatotopic organization, with cervical segments 
lying medially and sacral segments in the lateral portion of the tract. The spinal cord 
is the only point at which spinothalamic fibers decussate to the contralateral side. 
These fibers ascend to the thalamus in the brain. Third-order neurons from the VPL 
of the thalamus then travel through the posterior limb of the internal capsule and 
terminate in the sensory cortex [17].

Fig. 3.6 Compilation of descending and ascending tracts of the spinal cord
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Spinocerebellar Tracts. The anterior spinocerebellar tract conveys propriocep-
tive information from the lower extremities to the cerebellum. Fibers decussate 
twice, and therefore, the tract terminates in the ipsilateral cerebellum [18]. The pos-
terior spinocerebellar tract directly conveys proprioceptive information from the 
lower extremities to the ipsilateral cerebellum. These fibers do not decussate. The 
rostral spinocerebellar and cuneocerebellar tracts convey proprioceptive informa-
tion from the upper extremities to the ipsilateral cerebellum.
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of Spinal Cord Tumors
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4.1  Introduction

Spinal cord tumors are rare tumors with nonspecific clinical symptoms; they occur 
usually in the late stage of the disease, resulting in delayed diagnosis. Radicular 
symptoms and other symptoms, such as back pain, slowly progressive neurologic 
deficits, or skeletal deformities (such as kyphoscoliosis), are commonly observed in 
children. Spinal cord tumors amount to between 20 and 30% of all primary intradu-
ral spinal tumors. About 70–80% of the remaining primary intradural tumors are 
located in the intradural-extramedullary compartment [1].

Magnetic resonance imaging (MRI) is the method of choice for detecting and 
evaluating spinal cord tumors. The imaging protocol should be composed of sagittal 
and axial T1-weighted and T2-weighted sequences. Those sequences should include 
contrast enhanced T1-weighted sequences in the sagittal, axial, and coronal planes. 
Short-TI Inversion Recovery (STIR) must be added for spinal cord tumors, as well 
as for the detection of bone abnormalities. Recently, some advanced techniques, 
such as diffusion-weighted imaging (DWI) and diffusion tensor imaging (DTI), 
have been described being increasingly used in the spinal lesions evaluation [2].

New techniques—including DTI and fiber tractography (FT)—have potential 
usefulness in preoperative diagnosis and postoperative follow-up of spinal cord 
tumors. These techniques are more sensitive than conventional MRI because they 
provide a more detailed picture of the white matter tracts in relation to space- 
occupying lesions. Exploiting tractography in these cases is helpful in predicting the 
nature of the lesion preoperatively and in surgical intervention planning [3].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-99438-3_4&domain=pdf
https://doi.org/10.1007/978-3-319-99438-3_4#DOI
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DTI and diffusion tensor tractography (DTT) enable assessment of spinal cord 
changes caused by neoplastic disease, both in cases of intramedullary and extra-
medullary tumors. DTI, and especially DTT, may be useful in preoperative evalua-
tion of spinal cord tumors. DTT provides good visualization of the displacement 
and deformation of the spinal cord tracts at the tumor’s level in ependymomas or 
astrocytomas (Fig. 4.1), as well as deformation and disruption of the fibers in meta-
static lesions. Thus, DTT may be valuable in the evaluation of the tumors’ resect-
ability, suggested that DTI of adult intramedullary spinal cord neoplasms can 
differentiate astrocytomas from ependymomas [4]. In adults, infiltrative astrocyto-
mas are more common than in the pediatric population, while ependymomas tend to 
be well circumscribed. These tumors can be characterized by using DTI and DT-FT 
to evaluate the structural integrity of the white matter tracts, which could be a way 
to decrease the need for biopsy of the adult spinal cord tumor. Because of the dis-
crete nature of most pediatric intramedullary spinal cord neoplasms, DTI is less 
likely to differentiate astrocytoma from ependymoma in children compared with 
adults [5].

Myelography and computed tomography (CT)-myelography are only used for 
spinal cord tumors diagnose when MRI cannot be performed (for example, when a 
patient has an implanted pacemaker or internal defibrillator). Analyzing the cere-
brospinal fluid (CSF) may help the surgeon decide on a differential diagnosis with 
an inflammatory disease.

Further angiography can be performed to demonstrate the vascularization of 
hypervascular lesions and presurgical interventions, such as the embolization [6]. In 
order evaluate intramedullary lesions, particularly for tumors with high-grade 

a b

Fig. 4.1 DTI-tractography. (a) Astrocytoma: diffusely infiltrating fibers infiltrated but preserved. 
(b) Ependymoma: more central location; fibers displaced laterally
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malignancy, Spinal positron emission tomography (PET)/CT using fludeoxyglu-
cose or 11(C) methionine was used. Differentiation of tumors with low-grade 
malignancy from non-neoplastic lesions may still prove challenging [7].

Table 4.1 compares ependymomas, astrocytomas, and gangliogliomas of the 
 spinal cord.

4.2  Ependymoma

The most common primary spinal cord tumor in adults is ependymoma (60% of all 
primary spinal cord neoplasms) with range age at presentation of 35–45 years. It is 
the second-most common primary spinal cord tumor in children. Ependymomas are 
slow growing tumors originating from the ventricle wall or from the ependyma lin-
ing of the spinal cord central canal. There are four histologic ependymoma sub-
types: cellular, myxopapillary, tanycytic, and clear-cell. The World Health 
Organization (WHO) currently classifies ependymomas into three grades: Grade I 
tumors, including myxopapillary ependymomas and subependymomas; Grade II 
tumors, including classic ependymomas; and Grade III tumors, including anaplastic 
ependymomas [8]. These grade classifications may be helpful in making treatment 
decisions, but the prognostic value is still controversial. Ependymoma may be asso-
ciated with neurofibromatosis type 2 (NF2). In NF2, most ependymomas are WHO 
Grade II and, rarely, WHO Grade III (anaplastic ependymoma).

Cellular ependymomas are located mostly in the cervical and thoracic spinal 
cord and have a slight female predilection. They are well-defined (they may even be 
encapsulated masses) and span up to four segments [9]. The “cap sign” (hemosid-
erin on cranial or caudal margin) due to hemorrhage strongly suggests cord ependy-
moma. They have cystic presentations in 50–90% of cases, and cysts usually have 
CSF intensity. The solid portion of the tumor is isointense or mildly hypointense on 
T1-weighted images, hyperintense on T2-weighted images and STIR, and always 
enhances after contrast administration [9]. Syrinx is also a common finding 
(Fig. 4.2).

Myxopapillary ependymoma is mostly a tumor of the conus medullaris or 
the  filum terminale, originating from ependymal cells of the filum terminale. 

Table 4.1 Tumor comparisons

Ependymoma Astrocytoma Ganglioglioma
Central localization Eccentric localization Central localization
Well circumscribed Pure circumscribed Well circumscribed
Cervical> thoracic Cervical>thoracic Cervical, thoracic spine
3–4 segments 5–6 segments 1 segment
“Cap sign”-hemosiderin ± cyst ± cyst
Homogeneous Inhomogeneous enhancement Variable (minimal-to-marked)
Adult most common Children-most common Children
M < F M > F
NF2 NF1
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Ninety percent of all filum terminale tumors are myxopapillary ependymomas. It is 
classified as a WHO Grade I tumor and has a male predilection. These tumors pres-
ent with high-T2, isointense, or low-T1 signal intensity masses with strong but 
inhomogeneous enhancement (Fig. 4.3). Scalloping of the vertebral bodies, scolio-
sis, and enlargement of the neural foramina are additional findings suggestive of 
myxopapillary ependymoma [10]. Myxopapillary ependymomas are characterized 
as  histologically benign slow-growing tumors, but some patients demonstrate local 
recurrence or even distant metastasis that more likely occurs in the pediatric 
 population [11].

Tanycytic ependymoma is a rare subtype of the WHO Grade II ependymoma. 
The female-to-male ratio was calculated as about 1:1.5 with a mean age at diagnosis 
of approximately 36.1 ± 18 years [12].

Histologically, these tumors have spindle cells arranged in a fascicular pattern, 
an absence of ependymal rosettes, and inconspicuous perivascular pseudorosettes. 
A recently published meta-analysis of all described cases did not find any specific 
imaging finding. Solid mass with T1 hypointense, or isointense signal and T2 hyper-
intensity with or without a cystic component with an associated syringomyelic 
 cavity has been reported [13].

Total resection gives the best outcomes for spinal ependymomas. Precisely, 
classic Grade II ependymomas may benefit mostly from aggressive resection, 
whereas myxopapillary Grade I ependymomas do not have clear benefits from total 
resection [14].

a b c

Fig. 4.2 Cellular ependymoma MRIs. Sagittal T2-weighted (a), sagittal T1-weighted (b), sagittal 
contrast enhanced T1-weighted (c) MRIs showing intramedullary mass in the thoracic spinal cord 
with hemosiderin deposits on caudal margin “cap sign” and cyst formation on the cranial part of 
tumor. Enhances after contrast administration
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There are only 14 reports of primary seeding of myxopapillary ependymomas 
in adults, which were treated as having “aggressive” behavior and as malignant 
tumors [15].

4.3  Astrocytoma

Astrocytoma is an intramedullary infiltrating mass present in 5–10% of all central 
nervous system (CNS) tumors. It is the most common spinal cord tumor in children 
and the second-most common tumor in adults with a slight male predilection. 
Astrocytomas are composed of neoplastically transformed astrocytes varying from 
well-differentiated to anaplastic. In almost 90% of cases, astrocytomas are low-
grade neoplasms. An astrocytoma extending along four segments or fewer, and 

a b

Fig. 4.3 Myxopapillary ependymoma in 29-year-old female with a history of mild lower-back 
pain. Sagittal proton-density (PD) weighted (a), and contrast-enhanced T1-weighted (b) image 
demonstrating well-define hyperintense cauda equina mass on proton-density (PD) weighted 
image, heterogeneously enhanced
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uncommonly, the entire length of the spinal cord predominantly seen in children, 
termed as “holocord” tumor [10].

Fibrillary astrocytoma (WHO II) is usually found in the cervical spine, whereas 
pilocytic astrocytoma (WHO I) is mostly found in the conus medullaris (Fig. 4.4). In 
10% of cases high-grade astrocytoma can also occur, mostly as anaplastic  astrocytoma 
[16]. Several cases in the spinal cord have been reported recently with diffuse men-
ingeal dissemination [17]. Glioblastoma is uncommon in the spine. Astrocytomas are 
mostly a solid mass; they can show areas of necrotic-cystic degeneration, or they can 
be completely solid (in approximately 40% of the cases). For surgical planning is 
crucial to differentiate neoplastic cyst with enhancing wall from non-neoplastic cysts 
with non-enhancing wall after contrast administration. The solid portion of the tumor 
is isointense or mildly hypointense on T1-weighted images, hyperintense on 
T2-weighted images and T2-weighted gradient echo and may show mild-to-moder-
ate contrast enhancement. On DTI, long-tract fibers may be interrupted.

Astrocytomas have an association with neurofibromatosis type 1 (NF1). 
Intramedullary spinal cord tumors associated with NF1 tend to occur predominantly 
in male patients and are histopathologically likely to be an astrocytoma [18, 19].

4.4  Ganglioglioma

Gangliogliomas (WHO Grade I) of the spinal cord are extremely rare and are mostly 
diagnosed in children and young adults. They are localized predominantly in the 
cervical and thoracic spine [20]. Anaplastic gangliogliomas that are WHO Grade III 
with anaplastic changes in the glial component have also been reported. 
Gangliogliomas are seen as circumscribed, solid, or mixed solid with cystic masses 
on MRI, spanning along cord segment of the spine (Fig. 4.5). Intensities of signals 
are similar to other intramedullary tumors—hypointense on T1-weighted images 
and hyperintense on T2-weighted images. Enhancement patterns have been 

a b c d

Fig. 4.4 Pilocytic astrocytoma after partial resection. Sagittal T2-weighted (a), T1-weighted (b), 
and contrast-enhanced T1-weighted (c, d) images demonstrating completely solid tumor with 
moderate contrast enhancement and an associated syrinx in the cervical cord
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described as highly variable, ranging from minimal to marked, and may be solid, 
rimmed, or nodular [21]. WHO Grade I gangliogliomas are usually cured with gross 
total resection.

4.5  Hemangioblastoma

Hemangioblastomas of the CNS are a benign neoplasm classified as a WHO Grade 
I tumor with mean age at presentation of 30 years. They usually occur in the cere-
bellum, brainstem, and spinal cord. Hemangioblastomas comprise about 3% of all 
primary spinal cord tumors [22, 23]. Hemangioblastoma may occur sporadically or 
in association with von Hippel-Lindau disease [24]. Hemangioblastomas are low- 
grade neoplasms and are composed of a dense network of vascular capillary chan-
nels containing endothelial cells, pericytes, and lipid-laden stromal cells. Spinal 
cord hemangioblastomas are located in the posterior aspect of the spinal cord. They 
are round, well defined, and usually small; still, they also can be several centimeters 
in size. “Flow voids” are always present. After contrast administration, small lesions 
enhance homogeneously, and large lesions enhance heterogeneously. Tumor nod-
ules are usually associated with extensive hydrosyringomyelia (Fig. 4.6). Cysts are 
often presented with variable signal intensity, depending on their content. High sig-
nal intensity cysts have a high protein content due to previous hemorrhage or 
because of the transudation of tumor fluid itself. When no cystic component is pres-
ent, extensive edema is usually found. Subarachnoid or even intramedullary hemor-
rhage caused by spinal cord hemangioblastomas is rare; however, they should be 
considered in the differential diagnosis [25].

Surgical resection follows rules that apply to the resection of arteriovascular mal-
formations: coagulation of arterial feeders precedes the coagulation of the draining 
vein, which is preserved until the end of surgery [26, 27].

a b c d

Fig. 4.5 Hemangioblastoma. Sagittal T2-weighted (a), T1-weighted (b), and contrast enhanced 
T1-weighted (c, d) images demonstrating well defined and strongly enhancing small mass in dor-
sal cervical spinal cord at the C4–C5 level, associated with edema and syrinx
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a b

c d

Fig. 4.6 Ganglioglioma. Sagittal and coronal STIR (a, b), T1-weighted (c), and contrast enhanced 
T1-weighted (d) images demonstrating well-defined poorly enhancing mass with areas of cyst 
degeneration
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4.6  Nerve Sheath Tumors

4.6.1  Schwannomas

Spinal schwannomas (WHO Grade I) account for approximately 25% of all spinal 
tumors and are the most common nerve sheath tumors, originating in Schwann cells 
[28]. Their peak incidence is at 45-years of life.

Schwannomas are classified according to our novel classification system, which 
is based on consideration of tumor volume and localization relative to the dura and 
spinal canal. Seventy percent of all schwannomas are intradural; the other 30% can 
be extradural and dumbbell-shaped (intradural and extradural) [29].

Spinal schwannomas are typically solitary, well-circumscribed, encapsulated 
masses (Fig.  4.7). On MRI, schwannomas are isointense-to-hypointense on 
T1-weighted images, and isointense-to-hyperintense on T2-weighted images. 

a

d e

b c

Fig. 4.7 Schwannoma. Sagittal STIR (a), T1-weighted (b), axial T1-weighted (c), sagittal and 
axial contrast enhanced T1-weighted (d, e) images showing well-defined mass in spinal canal 
compressing the spinal cord with “dumbbell” shape, extending through neural foramen left side. 
Intense homogeneous enhancement of the mass is seen
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Contrast enhancement is moderate-to-marked and usually homogeneous. Cervical 
and lumbar schwannoma localization was more common than thoracic.

Schwannomas are more commonly seen in adults as a solitary mass, and less 
commonly are seen in children. Multiple schwannomas occur in children with neu-
rofibromatosis type 2 (NF2). NF2 is an autosomal dominant genetic disorder caused 
by inactivation of the gene 22q, which acts as a tumor suppressor. Patients with NF2 
develop multiple central and peripheral nervous system tumors, a hallmark bilateral 
vestibular schwannoma, and other cranial and spinal nerve schwannomas, as well as 
meningiomas and ependymomas [30].

Schwannomatosis or congenital neuri-lemmomatosis is a rare syndrome charac-
terized by multiple schwannomas of the peripheral nervous system without involve-
ment of the vestibular nerve. According to consensus criteria, patients with two or 
more non-intradermal schwannomas, and without eighth cranial nerve dysfunction 
symptoms after the age of 45  years could be diagnosed as having presumptive 
schwannomatosis [31].

Early surgical resection results in a promising outcome. Only 5% experience 
local recurrence several years after surgery [32]. According to a recently published 
study, heterogeneously enhancing schwannomas should be followed closely, as they 
grow more rapidly and may require surgery [33].

4.6.2  Neurofibromas

Neurofibromas are slow-growing benign tumors (WHO Grade I), composed of neo-
plastic Schwan cells and fibroblasts without a true capsule. Neurofibromas com-
prise 5% of all benign soft tissue tumors, and occur as sporadic solitary tumors in 
90% [34]. Neurofibromas can develop from dorsal spinal nerve roots, as well as 
peripheral nerves and—in approximately 36–40% of patients—in the spinal canal.

Neurofibromas are typically recognized as round or fusiform tumors, isointense 
on T1-weighted images, and markedly hyperintense on T2-weighted MRI. On post-
contrast images, intense and homogeneous enhancement is seen. However, some 
neurofibromas will show peripheral enhancement.

Neurofibromas are associated with NF1, which is a rare autosomal dominant 
genetic disorder and diagnosed based on the following clinical criteria: the presence 
of cutaneous spots (café au lait), freckling in the axillary or inguinal regions, neuro-
fibromas (plexiform or otherwise), Lisch nodules, optic pilocytic astrocytoma, sphe-
noid wing hypoplasia or aplasia, long bone dysplasia and/or pseudoarthrosis, and a 
positive family history (NIH criteria). Spinal neoplasms in NF1 patients can be both 
extramedullary (neurofibromas and malignant peripheral nerve sheath tumors) and 
intramedullary (astrocytomas, ependymomas, and gangliogliomas) [35].

Patients with neurofibromatosis have an increased risk of developing malignant 
peripheral nerve sheath tumors, which tend to be more aggressive compared with 
patients without neurofibromatosis (Fig. 4.8). At present, the management of spinal 
neurofibromas consists of careful observation with resection reserved for the most 
severe cases. The anatomic location, degree of invasion, and risk of recurrence at the 
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surgical site affect decisions regarding surgery. No definitive chemotherapy has 
been reported to be successful for plexiform neurofibromas. Rapamycin, imatinib, 
sorafenib, and interferon have all been used with varying degrees of success [36].

4.7  Meningiomas

Meningiomas are the second-most common intraspinal tumor, with the highest inci-
dence found in women between 45 and 74 years of age. Asian, Pacific Islander, and 
Caucasian individuals have the highest frequency of spinal meningiomas [37]. They 
can occur at any location throughout the spine but are predominant in the thoracic 
region (90% of the cases) and located posterolaterally (Fig. 4.9). Most meningiomas 
will be intradural and only 10% are extradural or dumbbell tumors. Meningiomas 
arise from the cells that make up the arachnoid membrane (arachnoid cap cells), and 
95% are benign tumors (WHO Grade I).

The most common age interval is between 50 and 70 years, although any age 
group may be involved. They are more common in women. Multiple tumors (2%) 
are associated with NF2 [38].

On imaging, meningiomas are typically round, broad-base masses with a “tail” 
into the adjacent dura. In 5%, calcifications are present within the tumor, and easily 
diagnosed on CT. On T1-weighted and T2-weighted images, they are isointense to 
the spinal cord, but can be also hypointense on T1 weighted images and slightly 
hyperintense or hypointense on T2 weighted MRI. Upon contrast application, they 

a b c

d

Fig. 4.8 Multiple neurofibromas in 30-year-old female patient with NF1. Sagittal T2-weighted  
(a, b) and axial T2-weighted gradient echo (c, d) images demonstrating multiple bilateral masses
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enhance vividly (except for a calcified part), frequently display a “dural tail” sign, 
and exhibit marked homogeneous enhancement on postcontrast T1-weighted images. 
Of the various CNS tumors, meningiomas are the most common recipients of metas-
tases from other primary cancers due in part to their increased vascularity [39].

Meningiomas have an excellent prognosis with complete surgical resection in 
more than 90% of cases.

4.8  Spinal Cord Metastases

More than 95% of spinal metastases occur in the extradural space, whereas 
intradural- extramedullary and intramedullary metastases are relatively rare [40].

Five routes for metastatic intradural spinal tumor spread have been hypothesized: 
the rich venous plexus (Batson plexus), perineural lymphatics, seeding from 
involved osseous structures to the CSF through the dura, spreading via the sub-
arachnoid space, and hematogenous spreading via the arterial system [41]. Drop 
metastasis is considered to occur as a tertiary metastasis of brain metastasis, induced 
by the circulation of CSF and gravity in the subarachnoid space [42].

Leptomeningeal and spinal cord dissemination from CNS neoplasms occurs in 
younger patients, whereas metastases from lung or breast carcinomas occur in older 
patients. In children, spread from medulloblastoma and ependyma is common [43].

Imaging findings of seeding metastasis include multiple enhanced nodular 
lesions in the spinal canal and/or a diffuse sheet-like coating of the spinal cord or 
roots (“carcinomatous meningitis”) and thickening of the cauda equina. Unenhanced 
T1-weighted and T2-weighted images will be less helpful as abnormalities are 

a b c

Fig. 4.9 Meningioma. sagittal T2-weighted (a) and sagittal (b) and axial contrast enhanced 
T1-weighted (c) images demonstrate well-circumscribed mass in the posterior right aspect of the 
spinal cord with a “tail” into the adjacent dura
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isointense to the spinal cord. Contrast-enhanced T1-weighted images are mandatory 
to demonstrate enhancement.

A combination of routine MRI and autopsy observation has revealed that spinal 
cord metastatic tumors may be more common than initially reported.

Spinal cord metastases are well-encapsulated masses in the cord, usually eccen-
trically located with cord expansion. Rarely, they present with cystic changes or 
intralesional hemorrhage. The most common presentation is a single lesion in the 
thoracic cord. MRI is the tool of choice for diagnosing spinal cord metastatic dis-
ease [10]. Intramedullary metastases have a nonspecific MRI appearance with cord 
swelling, edema, and an enhancing lesion. In these cases, when there is no known 
history of primary cancer, the diagnosis of metastasis becomes difficult, and often 
the correct diagnosis is determined after pathology confirms the type of tumor [44] 
(Fig. 4.10). Recently described “rim” and “flame” signs are useful in differentiation 
of intramedullary metastases and primary spinal cord tumors. The rim sign is 
defined as a complete or partial rim of gadolinium enhancement, and the flame sign 
is defined as an ill-defined, flame-shaped, gadolinium-enhancing region at the supe-
rior or inferior margin of an otherwise well-defined lesion [45].

Treatment options for leptomeningeal metastasis are limited. Surgery may be 
attempted if there is a symptomatic large metastatic deposit causing cord compres-
sion metastasis; either a wait-and-scan policy or adjuvant radiation therapy is gener-
ally recommended [46]. After the excision of a solitary metastasis, it is believed that 
seeding from cord metastases are rare.

a b c d

Fig. 4.10 Spinal cord metastases. Sagittal T2-weighted (a), STIR (b), T1-weighted (c), and 
contrast- enhanced T1-weighted (d) images. Well-defined oval mass in the cervical spinal cord, 
hyperintense in T2 and STIR, isointense to spinal cord on T1-weighted image; homogeneously 
enhancing after contrast administration
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5Neuropathology of Spinal Cord Tumors
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5.1  Introduction

Tumors of the spinal cord are relatively uncommon, accounting for approximately 
1700–2700 of the more than 17,000 new primary central nervous system (CNS) 
lesions each year in the United States [1]. Spinal cord tumors can be classified 
according to their anatomic location—intramedullary, intradural-extramedullary, or 
extradurally.

5.1.1  Intramedullary Spinal Cord Tumors

Intramedullary spinal cord tumors (ISCTs) are neoplasms arising from cells within 
the spinal cord itself. ISCTs account for 20% of intraspinal tumors in adults and 
30–35% of intraspinal tumors in children [2]. Most primary intramedullary tumors 
are either ependymomas (60%) or astrocytomas (30%) [2]. Spinal hemangioblasto-
mas are the third most common intramedullary spinal neoplasm, representing 2–6% 
of all intramedullary tumors [3].

5.1.2  Intradural–Extramedullary Spinal Cord Tumors

Tumors arising within the dura but outside the actual spinal cord are termed 
intradural- extramedullary spinal cord tumors (IESCTs). The most common tumors 
in this group are myxopapillary ependymomas, meningiomas, and nerve sheath 
tumors (NSTs). NSTs are derived from the Schwann cells and perineurial cells of 
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the peripheral nervous system and include schwannomas, neurofibromas, and 
malignant peripheral nerve sheath tumors (MPNSTs).

5.1.3  Extradural Spinal Cord Tumors

Extradural tumors are usually metastatic and most often arise in the vertebral bod-
ies. Metastatic lesions can cause spinal cord compression, either by epidural growth 
resulting in extrinsic spinal cord or cauda equina compression, or less frequently by 
intradural invasion.

5.2  Intramedullary Spinal Cord Tumors

5.2.1  Ependymoma

Ependymomas represent a rare primary neoplasm of the CNS that account for 3–6% 
of all adult CNS tumors [4]. Spinal ependymomas of the classical type are intra-
medullary tumors, and can occur anywhere in the cervical or thoracic spinal cord.

Subtypes. In the World Health Organization (WHO) classification of brain 
tumors, ependymal tumors are divided into five major groups: classic ependymoma, 
subependymoma, myxopapillary ependymoma, RELA-fusion positive ependy-
moma, and anaplastic ependymoma. Myxopapillary ependymomas occur almost 
exclusively in the filum terminale and are intradural-extramedullary tumors. Classic 
ependymomas are mainly intracranial tumors, but do occur in the spine as intramed-
ullary tumors of the spinal cord. The other three subtypes are predominantly intra-
cranial tumors.

Ependymoma variants include three distinct histopathological phenotypes (pap-
illary, clear cell, or tanycytic) that can be a prominent component of classic or ana-
plastic ependymoma. The tanycytic variant—composed of elongated cells spindle 
cells arranged in fascicles (Fig. 5.1)—is most commonly found in the spinal cord.

Grading. Ependymomas are characterized as grade I (myxopapillary ependy-
moma or subependymoma), grade II (ependymoma), and grade III (anaplastic epen-
dymoma). While classic ependymoma and anaplastic ependymoma traditionally 
correspond to WHO Grades II and III respectively, no association between grade 
and biological behavior or survival has been definitively established [5].

Morphology. Classic ependymomas have a discrete interface with the surround-
ing parenchyma, are variably cellular, and are composed of monomorphic cells with 
round to oval nuclei and speckled nuclear chromatin. The mitotic count is usually 
low. Key histological features are perivascular anucleate zones (pseudorosettes) and 
(true) ependymal rosettes (Fig. 5.2). Pseudorosettes, found in most ependymomas, 
are composed of tumor cells radially arranged around blood vessels to create peri-
vascular anucleate zones of fine fibrillary processes. True rosettes are present in 
about a quarter of ependymomas and composed of bland cuboidal or columnar 
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tumor cells arranged around a central lumen. Prominent hyalinization of tumor ves-
sels is often seen with spinal ependymomas.

Immunophenotype. Ependymomas characteristically express epithelial mem-
brane antigen (EMA) along the luminal surface of ependymal rosettes, or as dot-like 
perinuclear or ring-like cytoplasmic reactivity [6]. Glial fibrillary acidic protein 
(GFAP) immunoreactivity is usually observed in pseudorosettes, but shows variable 
expression in other tumor elements, such as papillae and true rosettes S100 and 
vimentin are typically positive [7]. Oligodendrocyte transcription factor (OLIG2) 
expression is sparse compared with other gliomas [8]. Neuronal markers are rarely 
expressed [9].

a b

Fig. 5.1 Tancytic ependymoma. (a) Bipolar spindle cells with elongated processes around the 
central vessel (H&E, OM 20×). (b) Spindled nuclei with salt-and-pepper chromatin typical of 
ependymoma (H&E, OM 40×)

Fig. 5.2 Ependymoma. Perivascular anucleate zones (pseudorosettes) (arrows) and true epen-
dymal rosettes (arrowheads) (hematoxylin and eosin staining [H&E], original magnification 
[OM] 20×)
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5.2.2  Astrocytoma

The second most common type of ISCT is the astrocytoma, which most commonly 
localizes to the cervical spine [2].

Subtypes. The 2016 CNS WHO classification groups all diffuse gliomas (astro-
cytic or oligodendroglial) together, based on an integrated phenotypic and geno-
typic classification. Infiltrative astrocytic tumors, including diffuse astrocytoma, 
anaplastic astrocytoma, and glioblastoma, are classified according to their isocitrate 
dehydrogenase (IDH) mutational status. This approach sharply divides localized 
astrocytic neoplasms with a more circumscribed growth pattern, such as pilocytic 
astrocytoma, which lack IDH gene alterations but can harbor BRAF mutation from 
the group of diffuse gliomas.

About half of spinal astrocytomas are the low-grade pilocytic type, while the 
other half are infiltrative astrocytomas and include diffuse astrocytoma, anaplastic 
astrocytoma, and glioblastoma [10]. Diffuse astrocytic spinal tumors carrying the 
H3 K27M mutation are now classified along with the brainstem counterpart as H3 
K27-mutant diffuse midline gliomas. This aggressive subtype predominantly affects 
children—although it can also affect adults—and carries a poor prognosis with a 
two-year survival rate of less than 10% [11].

Frequency. Intramedullary spinal cord astrocytomas are rare, representing only 
6–8% of all spinal cord tumors [10], and are the second-most common intramedul-
lary tumor in adults. They account for 60% of pediatric intramedullary tumors [12], 
representative of the fact that pilocytic astrocytoma is the most common glioma in 
children [11].

Grading. Pilocytic astrocytomas (WHO Grade I) are low-grade, well- 
circumscribed, and benign lesions that are clinically not aggressive. Diffuse astro-
cytomas correspond histologically to WHO Grade II, and anaplastic astrocytomas 
to WHO Grade III. Both glioblastoma and the H3 K27M-mutant diffuse midline 
glioma are designated WHO Grade IV.

Morphology. Pilocytic astrocytomas are classically characterized by a biphasic 
pattern, with a variable pattern and variable proportions of compacted bipolar cells 
with Rosenthal fibers, and loose textured multipolar cells with microcysts and occa-
sional granular bodies.

Diffuse astrocytomas are composed of well-differentiated fibrillary astrocytes in 
a background of a loosely structured—often microcystic—tumor matrix. The cel-
lularity of diffuse astrocytomas is moderately increased, with nuclear atypia and 
variability of cytoplasmic glial filaments and cell processes. Mitotic activity is gen-
erally absent.

Anaplastic astrocytoma is histologically similar to diffuse astrocytoma but with 
increased mitotic activity, distinctive nuclear atypia, and higher cellularity than its 
lower-grade counterpart (Fig. 5.3).

Necrosis or microvascular proliferation negates diagnosis of diffuse or anaplastic 
astrocytoma, but are key features of glioblastoma (Fig. 5.4) and H3 K27M-mutant 
diffuse midline gliomas. These higher-grade neoplasms are highly cellular and con-
tain pleomorphic-to-anaplastic cells with brisk mitotic activity. Diagnostic 
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hallmarks are palisading necrosis (ie, irregular areas of ischemic necrosis sur-
rounded by a dense accumulation of palisading tumor cells) and microvascular 
proliferation.

Immunophenotype. Astrocytomas express GFAP in various degrees and in a 
variable proportion of tumor cells. Strong nuclear expression of p53 is also charac-
teristic, although not entirely sensitive or specific. Immunostaining is otherwise uti-
lized to determine mutant status of tumors (ie, IDH and ATRX mutational status).

Biological Behavior. Diffuse IDH-mutant astrocytomas have an intrinsic capac-
ity for malignant progression to IDH-mutant anaplastic astrocytoma, and eventually 
to IDH-mutant glioblastoma. IDH-wildtype glioblastoma, by contrast, is a primary 
glial neoplasm and arises de novo with no precursor lesion [11].

Fig. 5.3 Anaplastic astrocytoma showing increased cellularity, pleomorphism, and nuclear atypia 
(arrows), and frequent mitoses (arrowhead) (H&E, OM 40×)

Fig. 5.4 Glioblastoma showing glomeruloid-like vascular proliferation (arrows) (H&E, OM 
20×)
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5.2.3  Hemangioblastoma

Hemangioblastomas are uncommon slow-growing tumors of the CNS, which most 
commonly occur in the cerebellum, brainstem, or spinal cord. They account for 
approximately 4% of all spinal cord tumors.

Subtypes. Hemangioblastomas may occur either sporadically or as a manifesta-
tion of von Hippel-Lindau (VHL) disease. Although approximately 75% of all 
hemangioblastomas appear to be sporadic, some of these may represent occult cases 
of VHL that can be detected if patients are appropriately screened for germline VHL 
mutations [13]. In patients with VHL disease, approximately one-half of tumors are 
found in the spinal cord, 40% in the cerebellum, and 10% in the brainstem [14].

Hemangioblastoma variants include the reticular variant, which is composed 
predominantly of small nests and individual cells, and the cellular variant in which 
larger lobules of cells predominate.

Frequency. Hemangioblastomas have no sex predilection and usually occur in 
adults. VHL-associated tumors have an average age at presentation approximately 
20 years younger than sporadic tumors [15].

Morphology. Hemangioblastomas are capillary-rich neoplasms with lipidized 
stromal cells that vary in cell density, with highly cellular areas alternating with 
paucicellular regions composed of dilated vessels and cyst-like spaces (Fig. 5.5). 
Stromal cells constitute the neoplastic component of the tumor and are characteristi-
cally large and vacuolated. Their numerous lipid-containing vacuoles create the 
typical clear-cell morphology of hemangioblastomas, which can resemble meta-
static renal cell carcinoma (RCC). This differential diagnosis is further complicated 
given that patients with VHL are also prone to RCC.

Immunophenotype. While capillary endothelial cells stain for endothelial cell 
markers, such as CD34 and von Willebrand factor, the stromal cells of hemangio-
blastomas variably stain express neuron-specific enolase (NSE), NCAM1, and 
S100. Oil-red O can highlight the lipid content of stromal cells in frozen sections 
(Fig. 5.6). Inhibin alpha also highlights stromal cells, and is useful in distinguishing 
hemangioblastoma from renal cell carcinoma.

a b

Fig. 5.5 Hemangioblastoma demonstrating rich vascularity (arrows) with interspersed vacuo-
lated stromal cells (arrowheads) (H&E, OM [A] 10×, [B] 20×)

S. Livingston and B. Zbytek



77

Grading. Hemangioblastoma corresponds histologically to WHO Grade I.
Biological Behavior. Complete surgical resection is possible in most cases of 

hemangioblastoma. The prognosis of patients with sporadic lesions is more favor-
able than those associated with VHL, as patients with VHL tend to develop multiple 
lesions [16].

5.3  Intradural–Extramedullary Spinal Cord Tumors

5.3.1  Myxopapillary Ependymoma

Myxopapillary ependymomas are considered a biologically and morphologically 
distinct variant of ependymoma, and behave in a more benign fashion than classic 
ependymomas.

Frequency. Myxopapillary ependymomas are an intradural-extramedullary neo-
plasm with annual incidence rates of about 0.08 cases per 100,000 males and 0.05 
cases per 100,000 females. The age at presentation ranges from 6 to 82 years with 
an average of 36 years [17].

Morphology. Myxopapillary ependymomas occur almost exclusively in the 
region of the conus medullaris, cauda equina, and filum terminale. Grossly, they are 
grey or tan, soft, and lobulated. On microscopy, the tumor cells are cuboidal to elon-
gated and arranged in papillary structures with accumulations of Alcian blue- 
positive myxoid material in microcysts and between tumor cells and blood vessels 
(Fig. 5.7). Additional cytomorphologic features include pseudorosettes composed 
of myxohyaline material rimmed by neoplastic cells. The ependymal cells appear 
singly and in multiple layers, surrounding the myxoid material, with prominent 
cytoplasmic processes. Tumor cells can appear in a monolayer or sheet-like fashion, 
with intracytoplasmic vacuoles, sparse mitotic figures, and intranuclear inclusions.

Immunophenotype. The diffuse reactivity of myxopapillary ependymomas for 
GFAP is useful in distinguishing these tumors from differentials, such as 

a b

Fig. 5.6 Hemangioblastoma. (a) Inhibin immunostaining of the neoplastic stromal cells (inhibin, 
OM 40×). (b) Oil Red O staining of the lipid content of stromal cells (Oil Red O, OM 4×)
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metastatic carcinomas, chordomas, myxoid chondrosarcomas, paragangliomas, 
and schwannomas.

Grading. Myxopapillary ependymomas correspond to WHO Grade I histologi-
cally. In pediatric cases, however, they may exhibit a more aggressive biological 
behavior with poorer outcome after incomplete resection [4].

Biological Behavior. The prognosis of myxopapillary ependymomas is favor-
able with a 5-year survival rate of 98.4% following complete resection [13]. Distant 
metastases and late recurrence can occur after incomplete resections in both chil-
dren and adults.

5.3.2  Meningioma

Meningiomas are slow-growing—and usually benign—neoplasms arising from the 
meningothelial cells of the arachnoid plexus.

Subtypes. The 2016 WHO classification of meningiomas described numerous 
morphological subtypes. The most common subtypes of meningioma are meningo-
thelial, fibrous, and transitional (mixed) meningiomas. Other subtypes include 
psammomatous, angiomatous, microcystic, secretory, lymphoplasmacyte-rich, 
metaplastic, choroid, clear cell, atypical, papillary, rhabdoid, and anaplastic.

Frequency. Overall, meningiomas are the most common primary tumor of the 
CNS, accounting for about one-third of all primary brain and spinal tumors with a 
female to male ratio of 2:1 or 3:1 [17]. In spinal meningiomas, which comprise 
about 10% of all meningiomas, female predominance is considerably higher with a 
female-to-male ratio of 9:1.

Morphology. Meningiomas exhibit a wide range of histologic appearance, cor-
responding with the variety of subtypes (Figs. 5.8, 5.9, 5.10, 5.11, 5.12 and 5.13). 
They characteristically show a lobulated architecture containing “meningothelial” 
whorls of syncytial cells with indistinct cell membranes, eosinophilic cytoplasm, 

a b

Fig. 5.7 Myxopapillary ependymoma. (a) Well-differentiated cuboidal-to-elongated tumor cells 
(arrows) radially oriented around myxoid cores with a myxopapillary appearance (H&E, OM 
10×). (b) Elongated fibrillary processes (arrowheads) extended through myxoid regions to reach 
blood vessel (H&E, OM 20×)
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and round uniform nuclei (Fig.  5.14). Intranuclear pseudoinclusions and psam-
moma bodies are common. Xanthomatous degeneration, moderate nuclear pleo-
morphism, and metaplasia may also be present. Necrosis or extensive hemorrhage 
is rare.

Immunophenotype Meningiomas are characterized by EMA and progesterone 
receptor (PR) positivity. Decreased PR positivity and increased Ki-67 labeling 
index correlated with increased recurrence rates and prognosis. Recently, meningi-
oma methylation profile has been found to be correlated with recurrence rates better 
than traditional grading Scheme [18].

Grading. The three most common meningioma variants (meningothelial, 
fibrous, and transitional), as well as psammomatous, angiomatous, microcytic, 

Fig. 5.8 Atypical meningioma with prominent mitoses (arrow) (H&E, OM 40×)

Fig. 5.9 Meningioma, psammomatous variant showing numerous psammoma bodies with con-
centric calcifications (arrows) (H&E, OM 20×)
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secretory, lymphoplasmacyte-rich, and metaplastic meningiomas are benign and 
correspond to WHO Grade I. Grade II subtypes have an increased likelihood of 
recurrence and include choroid, clear cell, and atypical meningiomas. Papillary, 
rhabdoid, and anaplastic meningiomas are malignant variants with metastatic poten-
tial, corresponding to WHO Grade III.

Fig. 5.10 Secretory meningioma characterized by intracellular lumina containing eosinophilic 
secretions called pseudopsammoma bodies (arrowheads) (H&E, OM 20×)

Fig. 5.11 Anaplastic meningioma showing increased cellularity and areas of small cell collec-
tions (star) and increased mitoses (arrow) (H&E, OM 20×)
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Fig. 5.12 Rhabdoid meningioma showing eccentrically placed vesicular nuclei (arrows), eosino-
phil cytoplasmic inclusions (arrowheads), and increased mitotic activity (H&E, OM 20×)

a b

Fig. 5.13 Meningioma. (a) Surface staining of Epithelial Membrane Antigen staining, typical of 
all meningioma subtypes (10×). (b) Progesterone receptor positivity (10×)

a b

Fig. 5.14 Meningioma. (a) Features include syncytial cells with eosinophilic cytoplasm and indis-
tinct cell membranes arranged in meningopithelial whorls, intranuclear pseudoinclusions, and 
psammoma bodies (arrowheads) (H&E, OM 10×). (b) Higher magnification showing uniform oval 
nuclei with delicate chromatin and occasional nuclear pseudoinclusion (arrows) (H&E, OM 20×)
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Biological Behavior. While the rate and extent of local spread are greatest in the 
higher-grade subtypes, even benign meningiomas commonly invade adjacent anatomi-
cal structures. Spinal meningiomas most commonly occur within the thoracic spine, and 
are frequently adhere to the spinal dura, requiring dural resection for complete removal. 
They can also grow along intradural and extradural components of the nerve roots.

5.3.3  Nerve Sheath Tumors (Schwannoma & Neurofibroma)

Nerve sheath tumors constitute about 25% of tumors arising in the intradural- 
extramedullary space [19]. While the majority of intradural-extramedullary spinal 
cord tumors are confined to the intradural-extramedullary space, nerve sheath 
tumors sometimes extend to either the spinal cord or extramedullary compartment. 
Approximately 65% of intradural nerve sheath tumors are schwannomas, and most 
of the remainder are neurofibromas. Malignant NSTs are rare, constituting about 
5% of such tumors.

Frequency. Both schwannoma and neurofibromas occur most commonly as 
 solitary nodules, and are sporadic cases with no underlying hereditary syndrome. 
A minority of solitary lesions—and almost all cases of multiple lesions—are associ-
ated with one of three genetic syndromes: neurofibromatosis type I (NF1), neurofi-
bromatosis type II (NF2), or schwannomatosis.

Neither schwannomas nor neurofibromas show a sex predilection. Neurofibromas 
can occur at any age, while schwannomas rarely affect children and show a peak 
incidence in the fourth-to-sixth decade.

5.3.4  Schwannoma

Conventional schwannoma are benign nerve sheath tumors composed entirely of 
well-differentiate Schwann cells.

Subtypes. Conventional schwannomas that show benign degenerative/“ancient” 
characteristics—including nuclear pleomorphism, occasional bizarre forms, 
cytoplasmic- nuclear inclusions, and mitoses—are referred to as ancient schwanno-
mas. Cellular schwannoma is a hypercellular variant composed predominantly or 
exclusively of Antoni A tissue, and lacks well-formed Verocay bodies. Plexiform 
schwannoma is a multinodular variant occurring usually in skin or subcutaneous 
tissues of the extremities. Melanotic schwannoma is a rare schwannoma subtype 
that is grossly pigmented, unencapsulated, and contains Schwann cells with mela-
nosomes and positivity for melanocytic markers.

Morphology. Most schwannomas are encapsulated globoid masses that do not 
invade but can displace the spinal cord, and may contain cystic, xanthomatous, or 
hemorrhagic changes. Though usually small, schwannomas in the lower lumbar and 
sacral regions may enlarge significantly and further extend into the paravertebral 
space, showing infarct-like necrosis related to degenerative vascular changes.
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Histologically, conventional schwannomas are composed of neoplastic Schwann 
cells in a biphasic arrangement of two architectural patterns (Fig. 5.15). The Antoni 
A pattern contains compact uniformly spindled Schwann cells arranged in fascicles 
running in different directions. The nuclei, which are about the same size as those 
of smooth muscle cells but tapered rather than blunt-ended, tend to align in alternat-
ing parallels to form nuclear palisades called Verocay bodies. The Antoni B pattern 
is a less cellular myxoid or vacuolated area containing loosely textured cells with 
smaller round-to-ovoid nuclei. The vasculature of schwannomas is typically thick- 
walled and hyalinized, often with perivascular hemosiderin.

Immunophenotype. Immunohistochemically, schwannomas express S100 dif-
fusely and are often positive for LEU7, SOX10, and calretinin, with extensive peri-
cellular collagen type IV membranous staining of basal lamina.

Grading. Conventional, non-melanotic schwannomas and their variants corre-
spond histologically to WHO Grade I.

Biologic Behavior. Spinal schwannomas show a strong predilection for sensory 
nerve roots, and affect motor or autonomic nerves far less commonly. Spinal menin-
giomas, therefore, rarely present with motor symptoms, rather with radicular pain 
or signs of nerve root compression. Most schwannomas are benign slow-growing 
tumors that do not recur and only very rarely undergo malignant change. Recurrences 
are more common with plexiform schwannomas and with cellular spinal schwan-
nomas, occurring in 32–40% of cases.

5.3.5  Neurofibroma

Most sporadic neurofibromas occur as cutaneous nodules and rarely involve the 
spinal roots. In patients with NF1; however, spinal involvement is common, and 
multiple bilateral tumors can be associated with scoliosis and risk of malignant 
transformation [4].

a b

Fig. 5.15 Schwannoma. (a) Schwannoma showing Antoni A areas with nuclear palisades of Verocay 
bodies (arrows) surrounded by myxoid Antoni B areas (arrowheads) (H&E, OM 10×).  
(b) Schwannoma showing ancient change with marked degenerative nuclear atypia (H&E, OM 40×)
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Subtypes. Neurofibroma variants include atypical and plexiform neurofibromas. 
Atypical neurofibroma is a variant characterized by high cellularity, cytological 
atypia, scattered mitotic figures, monomorphic cytology, and/or fascicular growth, 
and can be difficult to distinguish from low-grade peripheral nerve sheath tumors. 
Plexiform neurofibroma is a variant defined by involvement of multiple fascicles, 
which are expanded by tumor cells and collagen, commonly demonstrating residual 
bundled nerve fibers at their centers. Analogous to ancient schwannomas, ancient 
neurofibromas are characterized by degenerative nuclear atypia without any other 
features of malignancy.

Morphology. Neurofibromas are nerve sheath tumors composed of neoplastic 
well-differentiated Schwann cells intermixed with non-neoplastic elements, includ-
ing perineurial-like cells, fibroblasts, mast cells, a variably myxoid to collagenous 
matrix, and residual axons or ganglion cells.

Grossly, neurofibromas are unencapsulated and comparatively softer and more 
gelatinous than schwannomas, and create fusiform enlargement of the nerve from 
which they arise.

Histologically, neurofibromas are hypocellular proliferations of neoplastic spin-
dled Schwann cells with bland wavy nuclei and scant cytoplasm, as well as fibroblasts 
and mast cells in a matrix of myxoid material with wire-like collagen fibers imparting 
a “shredded carrot” appearance (Fig. 5.16). While neurofibromas may resemble the 
Antoni B areas of schwannomas, they lack Antoni A areas, nuclear palisading, and 
Verocay bodies. The vessels are thin-walled without perivascular hemosiderin deposi-
tion. Organoid structures resembling Meissner corpuscles (pseudo-Meissnerian struc-
tures), melanotic cells, and epithelioid areas may be present.

Immunophenotype. Immunohistochemistry shows reactivity for S100 protein 
and nuclear positivity for SOX10, though the proportion of reactive cells is smaller 
than with schwannomas.

Grading. Neurofibromas are benign and correspond histologically to WHO 
Grade I.

Fig. 5.16 Neurofibroma with degenerative atypia showing degenerative atypia (arrows) without 
any other features of malignancy (H&E, OM 20×)
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Biologic Behavior. Paraspinal neurofibromas present with motor and sensory 
deficits attributable to the nerve of origin. Neurofibromas of major nerves and plexi-
form neurofibromas are considered potential precursors of MPNST, with malignant 
transformation occurring in 5–10% of large plexiform tumors (Fig. 5.17). Malignant 
transformation in sporadic neurofibromas is rare.

5.3.6  Malignant Peripheral Nerve Sheath Tumor

MPNSTs can occur in the paraspinal region and often present with radicular pain.
Frequency. Sporadic MPNSTs affect adults in their third-to-sixth decade with 

no precursor lesion. About 50% of all MPNSTs are associated with neurofibroma-
tosis, arising from deep-seated plexiform neurofibromas or large intraneural neuro-
fibromas and in these patients occur about a decade earlier [20]. There is no sex 
predilection.

Subtypes. MPNSTs can contain angiosarcomatous areas or contain mesenchy-
mal tissue, such as cartilage, bone, skeletal muscle, or smooth muscle. Those with 
rhabdomyosarcomatous differentiation are referred to as malignant triton tumors. 
Glandular MPNSTs are variants containing intestinal-type glandular epithelium. 
Epithelioid MPNSTs are partially or completely epithelioid, have no association 
with NF1, may arise from malignant transformation of a schwannoma, and are asso-
ciated with a SMARCB1 (INI1) mutation in about 50% of cases. MPNSTs with 
perineural differentiation, termed malignant perineuriomas, rarely occur and are 
S100 negative and EMA positive.

Morphology. MPNSTs are composed of spindle cells (Fig.  5.18) with wavy 
nuclei that have tapered ends and can be arranged in a herringbone (ie, fibrosarco-
matous), fasciculated, cell growth, or (rarely) hemangiopericytoma-like pattern. 
They can have loose areas alternating with densely cellular areas or grow diffusely. 

Fig. 5.17 Plexiform neurofibroma showing multiple fascicles (arrows) expanded by tumor cells 
and collagen (arrows) (OM 10×)
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Perivascular hypercellularity and appearance of tumor aggregates within vascular 
lumina are common. Seventy-five percent of MPNSTs show brisk mitotic activity 
(>4/high-power field) and/or areas of geographic necrosis [11]. Immunohistochemistry 
shows S100 protein staining in only about 50–70% of cases.

Grading. Reproducible clinically validated grading systems for MPNSTs are 
lacking [4], but these tumors can be classified as low-grade if well differentiated. 
Pleomorphic MPNSTs or variants with divergent differentiation (eg, malignant tri-
ton tumors, glandular MPNSTs, chondrosarcomatous, osteosarcomatous, or angio-
sarcomatous differentiation) are considered high-grade [11].

Biological Behavior. MPNSTs are highly aggressive tumors with a poor progno-
sis. They may spread intraneurally or hematogenously and often infiltrate adjacent 
soft tissues. Twenty to twenty-five of patients develop metastases, most commonly 
to the lungs [11]. Decreased survival in cases associated with NF1 compared with 
sporadic cases has been reported.

5.4  Extradural Spinal Cord Tumors

5.4.1  Metastasis

While intramedullary spinal cord metastases are rare, extradural metastasis are 
common and can occur with any primary malignancies (Fig. 5.19). The spine is the 

Fig. 5.18 Malignant peripheral nerve sheath tumor showing an interwoven fasciculated pattern 
with tightly packed spindle cells (arrows) and areas of necrosis (star) (H&E, OM 20×)
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third-most common site of metastasis (after the lungs and liver), and the rate of 
spinal metastasis in cases of the patients having a history of malignant tumor has 
been reported up to 30–90%, based on autopsy [21]. The incidence of skeletal 
metastasis from autopsy studies is of 73% (range, 47–85%) in breast cancer, 68% 
(range, 33–85%) in prostate cancer, 42% (range, 28–60%) in thyroid cancer, 36% 
(range, 30–55%) in lung cancer, 35% (range, 33–40%) in kidney cancer, 6% (range, 
5–7%) in esophageal cancer, 5% (range, 3–11%) in gastrointestinal tract cancers, 
and 11% (range, 8–13%) in rectal cancer [22]. Collectively, these tumors are par-
ticularly important because of the risk of epidural spinal cord compression.

5.4.2  Primary Extradural Tumors

A number of uncommon primary tumors can arise in the extradural space. Most of 
these are mesenchymal tumors arising from the bony spine and associated soft tis-
sues, and include osteosarcoma, chondrosarcoma, leiomyosarcoma, Ewing’s sar-
coma, osteoid osteoma, osteoblastoma, osteochondroma, chondroblastoma, vertebral 
hemangioma, aneurysmal bone cyst, giant cell tumor, and chordoma. The spine may 
also be the initial site of involvement for hematopoietic malignancies, including plas-
macytoma, multiple myeloma, lymphoma, and Langerhans cell histiocytosis.
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6.1  Overview

Spinal cord tumors are rare tumors that are either primary or metastatic. Without a 
timely intervention, they can lead to significant morbidity and—in some cases—
mortality. The clinical presentation of these tumors is non-specific in most cases and 
is often mistaken for the more common degenerative spine disease, thus leading to 
a delay in diagnosis. Functional status at presentation is important in determining 
long-term prognosis, hence an early diagnosis is imperative in preserving quality of 
life and limiting morbidity [1–5]. The damage caused by acute cord compression 
can be irreversible, making early diagnosis particularly important. Many primary 
spinal cord tumors are benign and thus amenable to surgical resection [1]. Per clini-
cal reports, average time to diagnosis of spinal cord tumors ranges from 8.1 to 
17 months following symptom onset [2, 5–7]. Herein we will discuss neurological 
aspects of spinal cord tumors, emphasizing the clinical syndromes and examination 
techniques that can help in a timely diagnosis.
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6.2  Clinical Presentation

The presentation of spinal cord tumors tends to be of a slow and progressive nature. 
It is initially unilateral and later involves both sides of the spinal cord, causing bilat-
eral symptoms. The most common presenting complaint is localized, radicular, or 
medullary pain [8]. The pain is described as gnawing and/or unremitting and may 
be more pronounced at night and with recumbency. This aggravation of pain may be 
due to distension of the epidural venous plexus upon lying down or diurnal variation 
of endogenous corticosteroids [9–11]. Lower back pain that worsens in the recum-
bent position should raise a red flag as it suggests a spinal cord tumor rather than a 
degenerative disc disease [3].

Pain is most commonly followed by motor weakness and sensory dysesthesias. 
Lhermitte’s sign, described as an unpleasant electric shock-like sensation radiating 
down the spine and into the extremities, with flexion or extension of the neck is 
commonly associated with demyelinating lesions but can be elicited in cervical and 
thoracic spinal cord tumors. Other oncological causes are cisplatin neuropathy and 
radiation myelopathy [12–14]. Sphincter dysfunction may also occur in some cases. 
In children, gait disturbance and alteration of spinal curvature, such as scoliosis, are 
sensitive findings indicating space-occupying lesions of the spinal cord [9].

The distribution of the symptoms can suggest the location of the tumor. Cervical 
cord tumors present with neck pain and upper extremity numbness [2]. These 
tumors, due to the mild and persistent nature of symptoms, have the longest delay 
in diagnosis—as long as 24 months from symptom onset in one study—as com-
pared with thoracic and lumbar cord tumors [1]. This delay may in part be due to the 
fact that patients with cervical cord tumors might be less likely to seek medical 
attention in the early stage of disease [2]. For thoracic cord tumors, low back pain is 
the most common complaint, along with numbness and/or weakness in the lower 
extremities [2]. Sensory abnormalities of the trunk region are far less common [2]. 
A diagnostic pitfall in the case of thoracic spinal cord tumors is that the clinical 
presentation is similar to that of a lumbar degenerative disease, which can delay 
diagnosis by an average of 21.3 months from symptom onset in the same study [2].

A significant contributing factor to the delay in diagnosis is imaging at the 
improper spinal level [2]. Patients with lumbar spinal cord or cauda equina tumors 
will have low back pain with distal radiation, weakness, and sensory dysesthesias, 
in addition to sphincter involvement, depending on the level involved [2]. Spinal 
cord tumors should always be considered as part of the differential diagnosis for 
patients with persistent neck and back pain, especially when symptoms are unre-
sponsive to initial treatment.

Based on the anatomic location of the spinal cord tumor, the tumor can be:

 1. Intramedullary
 2. Intradural-extramedullary
 3. Extradural-extramedullary
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The resulting clinical sequelae constitute distinct neurological syndromes that 
are due to the disruption of the ascending and descending spinal cord tracts. Mild 
trauma can provoke acute cord compression in the setting of a long-standing tumor, 
which is a neurological emergency that must be promptly recognized and managed. 
The collection of symptoms and signs depends on the specific level and location 
within the spinal cord.

6.2.1  Segmental Syndrome

Segmental syndrome, also known as complete cord transection or complete trans-
verse myelopathy, is the most severe pattern of spinal injury that may be experi-
enced. The lesion, as the name suggests, affects both the anterior and posterior 
aspects of the spinal cord bilaterally and causes loss of all function below the level 
of the lesion. Symptoms include paralysis below the affected spinal cord level, a 
circumferential boundary below which there is loss of sensation known as a “sen-
sory level,” sphincter dysfunction with urinary or bowel urgency, retention, or 
incontinence, loss of reflexes at the affected level, hyperreflexia below the affected 
level, and Babinski’s sign. In acute cases, the patient may present with spinal shock 
that is characterized by flaccid paralysis, areflexia, loss of sphincter function, and 
dysautonomia, which commonly constitutes bradycardia and systemic hypotension 
[15]. Though seen more commonly in traumatic conditions, metastatic epidural dis-
ease and intramedullary metastases can present with this syndrome [12].

6.2.2  Brown–Séquard (Hemicord) Syndrome

Brown-Séquard syndrome is caused by unilateral injury to both the anterior and 
posterior spinal cord. It is characterized by weakness, ipsilateral loss of position and 
vibration sense below the affected cord level due to injury to the posterior columns, 
and contralateral loss of pain and temperature sensation due to injury to the lateral 
spinothalamic tract [15, 16]. Spinal cord tumors that commonly cause Brown- 
Séquard syndrome are intradural-extramedullary tumors, such as meningioma and 
nerve sheath tumors. Sometimes intramedullary tumors, such as astrocytoma, 
 ganglioglioma, hemangioblastoma, intramedullary metastases, and radiation 
myelopathy, can present with a similar clinical picture [12, 17, 18].

6.2.3  Ventral Cord Syndrome

Ventral cord syndrome, also known as anterior cord syndrome, causes damage to 
the anterior cord, which conveys the anterolateral pathways. There is loss of pain 
and temperature below the level of the lesion due to the disruption of spinothalamic 
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tract. Damage to anterior horn cells causes a lower motor neuron pattern of weak-
ness at the level of the lesion. Disruption of the corticospinal tract can cause upper 
motor neuron signs below the level of the lesion. Bowel and bladder symptoms are 
common as the pathway for sphincter function is located in the anterior cord [16]. 
However, as the dorsal column is undisturbed, proprioception and vibratory sense 
remain intact [12, 16]. Although ischemic injury to the anterior spinal artery most 
often causes ventral cord syndrome, the leading neoplastic cause is anterior epidural 
metastatic disease [12]. Rarely, radiation myelopathy and intramedullary tumors, 
such as astrocytoma can cause this syndrome as well [12, 19].

6.2.4  Central Cord Syndrome

Central cord syndrome occurs when a centrally located tumor compresses the cen-
tral grey matter and the crossing spinothalamic tract fibers. Cervical cord lesions 
result in a unique pattern of injury with more pronounced distal upper extremity 
(hands) than lower extremity weakness, and loss of pain and temperature sensation 
in a “shawl-like” or “cape” distribution over the upper neck, shoulders, and upper 
trunk [16]. Vibratory sense, proprioception, and bowel and bladder function are 
rarely affected [12]. This syndrome is noted more commonly in syringomyelia and 
intramedullary tumors, such as ependymoma, astrocytoma, hemangioblastoma, 
lipoma, or metastasis [12].

6.2.5  Dorsal Cord Syndrome

Dorsal cord syndrome, also known as posterior cord syndrome, is caused by injury 
to the dorsal column, causing loss of vibration and position sense below the level of 
the lesion [16]. Larger tumors can encroach more anteriorly and involve the cortico-
spinal tracts and descending autonomic tracts [12, 16]. The most common neoplas-
tic causes of dorsal cord syndrome include compression from extradural tumors 
(such as epidural metastasis), intradural intramedullary tumors (such as astrocy-
toma and hemangioblastoma), and sometimes radiation myelopathy [12, 19].

6.2.6  Conus Medullaris Syndrome

The classical presentation of conus medullaris syndrome is with lower extremity 
weakness that may be mild, variable lower extremity reflexes, early sphincter dys-
function, impotence, sensory level at or below the waist—including loss of sensa-
tion at the lower lumbar (perineal) and sacral dermatomes which, is called saddle 
anesthesia [15]. Ataxia can sometimes be seen. Tumors that can cause conus medul-
laris syndrome are myxopapillary ependymoma, lymphoma, astrocytoma, and 
metastasis [12].
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6.2.7  Cauda Equina Syndrome

Cauda equina syndrome is caused by root compression between the L2–S1 ver-
tebral bodies and causes loss of function in two or more of the 18 nerve roots that 
comprise the cauda equina [12, 20]. The classical symptoms consist of radicular 
lower back pain, weakness, and areflexia at the affected level, with sciatic or 
other lower extremity radiculopathy, and loss of sensation in a dermatomal dis-
tribution. Sphincter dysfunction occurs later in the course [15]. The oncologic 
causes for cauda equina syndrome are epidural metastasis, myxopapillary 
 ependymoma, meningioma, nerve sheath tumor, leptomeningeal disease, or 
 paragangliomas [12].

6.3  Physical Examination

A thorough neurological examination is crucial for identifying signs of a space- 
occupying spinal cord lesion and can help in  localization prior to imaging. It is 
imperative to assess the functional status at presentation, especially the ambulatory 
status of the patient as it has a significant prognostic implication. Misinterpreting 
exam findings has been cited as a major factor in delaying diagnosis of spinal cord 
tumors [1–5].

Symptoms tend to be mild earlier in the course and in those who complain of 
mild sensory anomalies, Valsalva maneuver can increase the intensity of the radicu-
lar symptoms [14, 21]. Radiculopathy can also be intensified by spinal motion that 
narrows space at the level of the lesion [8]. Unilateral weakness or sensory deficit 
(to either light touch or pinprick) and asymmetric reflexes should always be noted 
as they may represent unilateral cord or nerve root compression by a tumor. Horner’s 
syndrome occurs more commonly in paravertebral tumors, but also seen in cord 
compression at C7– T1 level [14]. Myelopathic signs—such as spasticity, hyperre-
flexia with or without clonus, Hoffman’s sign, and/or Babinski sign–characteristic 
of cord compression demand an expedited work-up. Autonomic dysfunction is seen 
as well in these patients. They should undergo further examination to check for 
sphincter dysfunction. Abdomen may be percussed to rule out bladder distension 
and in obese patients, bladder ultrasound may be ordered to measure residual urine. 
Rectal examination should be performed to assess the sphincter tone [14].

6.4  Diagnostic Techniques

6.4.1  Labs

Blood and chemistry panels rarely play a role in diagnosing spinal cord tumors 
other than being a part of the pre-operative evaluation.
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6.4.2  Lumbar Puncture

Although lumbar punctures are not generally used for diagnosing spinal cord 
tumors, concentration of neoplastic cells in the cerebrospinal fluid (CSF) can iden-
tify the extent of disease and neoplastic seeding [22, 23]. In addition to CSF cytol-
ogy, limited studies have utilized immunocytochemistry, flow cytometry, 
fluorescence in situ hybridization (FISH), polymerase chain reaction (PCR), and 
non-cellular biomarkers for attempted diagnosis of central nervous system (CNS) 
malignancy [22]. More recent studies have focused on finding tumor cell-free 
deoxyribonucleic acid (cfDNA) mutations in the CSF of patients with primary CNS 
tumors yielding mixed results, being most promising for tumors directly adjacent to 
the ventricular space [24, 25].

6.4.3  Imaging

Gadolinium-enhanced magnetic resonance imaging (Gd-MRI) provides the best 
view of the spinal cord and the surrounding structures as compared with other 
modes of imaging, thus making it the diagnostic test of choice in the evaluation of 
spinal cord tumors. Almost all spinal cord tumors tend to enhance with gadolinium 
and should be differentiated from the degenerative disc disease [26]. Imaging area 
should be concentrated on the affected level as identified by the history and physical 
examination. However, as discussed earlier, low back pain should not be used as 
criteria to exclude a thoracic tumor. Delay in obtaining the appropriate imaging 
studies is cited as one of the top reasons for delay in diagnosis of spinal tumors [1].

6.4.4  Biopsy

It is difficult to distinguish between the spinal cord tumors solely based on clinical 
and radiological characteristics. Biopsy of the lesion is warranted to determine 
pathology type of the tumor and remains the gold standard for diagnosis. This helps 
guide treatment strategies for the patient, including radiation, chemotherapy, and/or 
surgical resection.

6.5  Familial Tumor Syndromes

Neurofibromatosis type 2 (NF2), schwannomatosis, and Von Hippel-Lindau disease 
(VHL) are familial tumor syndromes that are associated with spinal cord tumors. 
NF2 is an autosomal dominant disorder caused by mutation of the NF2 gene (merlin 
or schwannomin) on chromosome 22 and is associated with multiple intracranial 
and spinal tumors, most common of which are vestibular schwannomas [27].  
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The prominent spinal tumors seen here are extramedullary tumors such as menin-
gioma and schwannoma and intramedullary tumors such as ependymoma [28].

Schwannomatosis is a clinically and molecularly distinct form of neurofibroma-
tosis that is separate from neurofibromatosis type 1 and type 2. It is mostly a spo-
radic disorder but can be familial in some cases, and is caused by the mutations in 
SMARCB1 or LZTR1 on chromosome 22 [29–31]. It is characterized by multiple 
schwannomas and meningiomas in the absence of vestibular schwannomas [32].

VHL is an autosomal dominant disorder caused by mutation of the VHL gene on 
chromosome 3 [33]. It is known for its association with hemangioblastomas of the 
CNS and retina. Approximately 20–30% of spinal cord hemangioblastomas occur 
in patients with VHL. Other sites of involvement in VHL are kidney (clear cell renal 
cell carcinoma), adrenal gland (pheochromocytoma), pancreas (neuroendocrine 
islet cell tumors), inner ear (endolymphatic sac tumor), and epididymis and broad 
ligament (papillary cystadenoma) [34–37].

Diagnostic criteria for NF2, VHL, and schwannomatosis can be found in 
Table 6.1 [8, 31, 38].

Table 6.1 Diagnostic criteria for NF2, VHL, and Schwannomatosis

NF2 VHL Schwannomatosis
Definitive criteria (any one of 
the below):

Suggested criteria (any one of 
the below):

Definitive criteria (all of the 
following):

 1.  Bilateral vestibular 
schwannoma

 2.  First degree relative with 
NF2 plus

 (a)  Unilateral vestibular 
schwannoma OR

 (b)  any two of the 
following: 
Meningioma, 
schwannoma, glioma, 
or posterior subcapsular 
lens opacity

 3.  Unilateral vestibular 
schwannoma plus 
meningioma, schwannoma, 
glioma, neurofibroma, or 
posterior subcapsular lens 
opacity

 4.  Multiple meningiomas 
plus

 (a)  Unilateral vestibular 
schwannoma OR

 (b)  Schwannoma, glioma, 
neurofibroma, or 
posterior subcapsular 
lens opacity

 1.  Multi-generational family 
history plus one CNS or 
visceral 
hemangioblastoma

 2.  Two hemangioblastomas, 
one of which must be 
CNS or retinal

 3. Positive genetic testing

 1.  At least two non- intradermal 
schwannomas (one with 
histologic confirmation)

 2.  Diagnostic criteria for NF2 
not fulfilled

 3.  No evidence of vestibular 
tumor on MRI

 4.  No first-degree relative with 
NF2

 5.  No known constitutional 
NF2 mutation

 6.  One pathologically 
confirmed non-vestibular 
schwannoma plus a 
first-degree relative who 
meets the above criteria
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Physicians should be aware of these syndromes, especially in young patients 
with multiple spinal cord tumors and a positive family history, and refer them 
accordingly to specialized centers for genetic testing and counseling.

6.6 Illustrative Cases

6.6.1 T2 Plasmacytoma

58-year-old woman with no significant past medical history who presented with 
3-month history of upper back and shoulder pain. She was neurologically intact 
except long tract signs on physical exam. MRI revealed a pathological T2 fracture 
with severe loss of height and enhancement spanning from T1 to T2, with signifi-
cant extension into the upper right thoracic cavity. Patient underwent T1–4 laminec-
tomies and C4 to T5 posterior fixation / fusion, as intraoperative biopsy confirmed 
plasmacytoma sensitive systemic therapy (Fig. 6.1).

6.6.2 T3–T6 Posterior Arachnoid Cyst

70-year-old right-handed female presented with chronic back with radiation to 
bilateral lower extremities and minor problems with bladder control. MRI revealed 
a large intradural, extramedullary cyst posterior to the spinal cord causing signifi-
cant compression. The patient underwent T2-6 laminectomy with resection of the 
cyst. Histopathology revealed arachnoid cyst (Fig. 6.2).

a b

Fig. 6.1 (a) T1-weighted axial MRI with contrast showing tumor-invaded T2 with significant 
extension to the right intrathoracic cavity and compression of the anterior spinal cord. (b) 
T1-weighted sagittal MRI with contrast showing a tumor invaded collapsed T2 and anterior epi-
dural as well as anterior spinal extension
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6.6.3 T4 Lymphoma

An 81-year-old right-handed Caucasian female presented with a few weeks of tho-
racic back pain and an acute history of bowel dysfunction. A pathological T4 com-
pression fracture was seen on computed tomography (CT.) MRI thoracic spine with 
contrast revealed T4 pathological fracture with 70% height loss and an enhancing 
lesion compressing the anterior spinal cord. Subsequent oncological workup showed 
hilar and mediastinal lymphadenopathy. The patient underwent T3–4 laminectomy 
to decompress the spinal cord, open surgical biopsy that showed diffuse large B-cell 
lymphoma, and posterior T2–6 internal fixation and fusion followed by chemo-
therapy and radiation (Fig. 6.3).

6.6.4 T5 Hemangioma/Highly Vascular Schwannoma

69-year-old male with history of prostate cancer and previously radiated T5 bony 
metastasis who presented with increasing PSA levels. MRI of the thoracic spine 
revealed a large T5 right intradural / extramedullary mass. Surgical resection 
revealed hemangioma versus highly vascular schwannoma (Fig. 6.4).

6.6.5  Right T6 Malignant Nerve Sheath Tumor with Rapid 
Intracanalicular Recurrence

37-year-old right handed female with suspected Li-Fraumeni Syndrome, given his-
tory of breast cancer, hip fibrosarcoma, and pelvic osteosarcoma. She had a known 
right intra-thoracic paraspinal mass that was biopsied 7 years prior, demonstrating 
schwannoma. The patient at that time did not want to have surgery.

Fig. 6.2 T2-weighted axial and sagittal MRI showing large cystic lesion compressing the spinal 
cord at its posterior aspect. Please note the content of the cyst is equal to CSF

a b
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She presented with recurrent pneumonia and significant weight loss. Imaging 
revealed a very large right paraspinal mass extending from approximately T2 down 
to the diaphragm, compressing the aorta and pulmonary veins. The mass appeared 
contiguous with an intrathecal nodule along the right T6 nerve root with epidural 

Fig. 6.3 Thoracic spine T1-wighted MRI with contrast showing T4 pathological fracture with 
significant height loss, and an enhancing lesion with extension into epidural and bilateral foraminal 
spaces. (a) Midline sagittal view. (b) Axial view at T4 vertebral body level

a b

a b

Fig. 6.4 (a, b) T1-weighted axial and sagittal MRI with contrast showing a large enhancing intra-
dural extramedullary mass compressing the spinal cord at its right aspect. Please note the tumor’s 
lateral borders closely following the dura being suspicious of being intradural. Also note hyper-
intense bodies secondary to previously radiated spine for known metastatic prostate cancer
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thickening and enhancement along the right epidural space from T5 to T8 (see 
Figs. 6.5 and 6.6). She underwent a right thoracotomy for resection of the mass. 
Histopathology confirmed malignant peripheral nerve sheath tumor. The intrathecal 
nodule was left to be resected at a later time once patient recovered from the thora-
cotomy. Two weeks later, she developed quick increasing right lower extremity 
weakness and bowel dysfunction. Imaging revealed significant growth of the prior 
intrathecal nodule. Consequently, she underwent T4-T7 laminectomies for resec-
tion of the mass (Figs. 6.5 and 6.6).

Fig. 6.5 T1-weighted MRI with contrast. (a) Axial series showing an extradural enhancing mass 
along the right T6 root. (b, c) Sagittal and coronal series showing the giant extraforaminal, intra-
thoracic malignant nerve sheath tumor

a b c

Fig. 6.6 (a, b) T1-weighted axial and sagittal series showing resection of the giant right intratho-
racic malignant nerve sheet tumor with both extraforaminal as well as intraspinal extradural recur-
rence compressing the spinal cord

a b
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6.6.6  Prostate Cancer Metastasis with Spinal Cord Compression 
at T6 to T9

71-year-old right-handed male presented with four-day history of progressive para-
paresis and bladder dysfunction, along with several weeks of mid-thoracic back 
pain. Neurological exam revealed lower extremities with strength graded 2-3/5 and 
sensory level at T7. A CT scan revealed a T7/T8 extradural mass dorsal to the dural 
sac. Due to accelerated progressive paraparesis, and to avoid delay, surgery was 
performed based on CT. Patient underwent T6–T9 laminectomies and gross total 
resection of the mass. Histopathology confirmed metastatic prostate carcinoma 
(Fig. 6.7).

6.6.7 T12–L1 Schwannoma

A 68-year-old right-handed Caucasian female presented with a several month his-
tory of increasing lumbar back pain with radicular left leg pain with acute exacerba-
tion and extension into right leg, numbness, ataxia, and bladder dysfunction initially 
suspected of being secondary to normal pressure hydrocephalus. MRI of the lumbar 
spine with contrast showed midline enhancing intradural extramedullary mass at 
T12–L1. She underwent T12–L1 laminectomy and gross total resection of the 
schwannoma that appeared to originate from left T12 nerve root compressing the 

Fig. 6.7 (a, b) Axial and sagittal non-contrast CT showing extradural masses compressing T6–
T9. Areas of previously metastatic spine tumor from prostate cancer are visible throughout the 
spine. Due to quick neurological decline, and salvageable neurological function, patient went to 
surgery directly after non-contrast CT

a b
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a b

Fig. 6.8 Lumbar spine T1-weighted MRI with contrast showing posterior midline intradural-
extramedullary tumor compressing the conus medullaris. (a) Midline sagittal view. (b) Axial view 
at T12–L1 intervertebral disc level

conus medullaris and severely attached to cauda equina. Histopathology confirmed 
schwannoma (Fig. 6.8).

6.6.8 T12–L1 Lipoma

A 65-year-old right-handed African-American female with history of scoliosis and 
spina bifida presented with chronic back pain associated with right leg radicular 
pain for past 2 years, and bladder and bowel dysfunction in past 7 months. MRI 
lumbar spine with contrast showed tethered cord with lipoma at L1 compressing the 
conus medullaris at its posterior aspect. She underwent laminectomy, untethering of 
spinal cord, and subtotal resection of lipoma with a 2-mm-thick anterior lipoma 
layer left attached to posterior spinal cord to avoid compromise of spinal cord cir-
culation (Fig. 6.9).

6.6.9 L1–L2 Cauda Equina Prostate Cancer Metastasis

57-year-old man with a history of metastatic prostate carcinoma and a previously 
radiated L2 spinal metastasis who presented with 5 weeks of progressive right lower 
extremity pain, saddle paresthesia, and mild distal lower extremity weakness. MRI 
revealed an enhancing, intradural mass spanning the entire canal at the L1–L2 level, 
with significant compression of the cauda equina. Patient underwent L1–L2 lami-
nectomies for gross total resection of the mass. Histopathology confirmed meta-
static prostate carcinoma (Fig. 6.10).
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6.6.10 L2 Schwannoma

A 68-year-old right-handed Caucasian female presented with a chronic history of 
back pain and altered sensation in right thigh. MRI lumbar spine with contrast 
revealed an enhancing epidural mass at L2 vertebral level, compressing the cauda 
equina. She underwent gross total resection of tumor and histopathology confirmed 
schwannoma (Fig. 6.11).

a b

c d

Fig. 6.9 Lumbar spine MRI showing tethered spinal cord with conus medullaris at the L2 level. 
Imaging also shows a 28 mm × 11 mm × 10 mm fat signal mass at T12–L1 level compressing the 
posterior aspect of distal spinal cord. (a) Midline sagittal view of T1-weighted with contrast. (b) 
Midline sagittal view of T2-weighted. (c) Axial view of T1-weighted with contrast at L1 vertebral 
body level. (d) Midline sagittal view of STIR series
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Fig. 6.10 (a) T2-weighted axial MRI showing a large round tumor compressing the cauda 
equina. (b) T1-weighted sagittal MRI with contrast showing enhancing mass occupying the 
entire canal at L1–L2

a b

Fig. 6.11 Lumbar spine MRI with contrast showing enhancing intradural extramedullary lesion 
11 mm × 17 mm × 15 mm at L2 vertebral body level consistent with Schwannoma. (a) Midline 
sagittal view of T1-weighted with contrast. (b) Axial view of T1-weighted with contrast at L2 
vertebral body level

a b

6.6.11 L2–L3 Schwannoma

37-year-old right-handed male presented with chronic back pain for several 
months, with radiation to the thighs greater on the left side. He also noted worsen-
ing bowel and bladder dysfunction. An MRI of the lumbar spine revealed an 
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intradural enhancing mass posterior to the cauda equina at L2–L3. He underwent 
L2–L3 laminectomies with gross total resection. Histopathology confirmed 
schwannoma (Fig. 6.12).

6.7  Summary

Spinal cord tumors are known for delayed diagnosis relative to other CNS diseases. 
Proposed reasons include non-specific symptoms, slow clinical progression, delay in 
seeking medical care, improper and incomplete physical examination, and late or 
improper imaging. Physicians should consider spinal cord tumors in all patients with 
neck or back pain—with or without neuropathic findings—especially when patients 
are unresponsive to initial treatment. In children, alterations in gait and spinal curva-
ture should raise suspicion for a spinal cord tumor. The advent of gadolinium- 
enhanced MRI and its wider availability has helped in the earlier diagnosis and early 
referral of spinal cord tumors, which in turn improves disease prognosis.
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7Intraoperative Neurophysiology during 
Surgery for Spinal Cord Tumors

Vedran Deletis and Kathleen Seidel

7.1  What Neurosurgeons Expect and What 
Neurophysiologists Can Provide

7.1.1  Surgical Perspective on Intraoperative  
Neurophysiological Monitoring

Intraoperative neurophysiological monitoring (IOM) is becoming increasingly 
important with technical advances in neurosurgery [1–3]. Functional neurophysio-
logical guidance may preserve neurological function with increased patient safety, 
but also might allow more radical tumor resection [4–11]. However, there is no 
doubt that IOM methods should be adapted to the specific pathology and surgical 
strategy.

7.1.2  Intramedullary Tumors

Despite important technical advances, surgery for intramedullary spinal cord tumors 
(IMSCTs) is still very challenging and may carry significant risk of patient morbid-
ity. Tumor proximity to crucial neural tracts, nuclei, and partially infiltrated 
 borders—as well as distorted spinal cord anatomy—necessitate real-time functional 
feedback [2, 4, 10].

Intraoperative neurophysiological monitoring of the functional integrity of spi-
nal cord pathways is crucial to prevent, limit or document the moment of surgically 
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induced injury [3, 4, 10, 12, 13]. The available methods can be divided into monitor-
ing and mapping techniques.

Monitoring Methods. Monitoring methods are used to continuously assess the 
functional integrity of the tracts in the white matter and/or synaptic circuits in the 
grey matter (Fig. 7.1). Monitoring modalities are firmly established as an integral 

Incision of the Dorsal Median Raphe

I
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V

D-Wave

4.6 ms
10 µV

Removal of the Tumor

Posterior Tibial Nerve SEPs
Right
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0 50 100 ms

Left

Muscle MEPs
Right TA Left TA

Fig. 7.1 Neurophysiological monitoring during surgery for intramedullary spinal cord tumors. 
Incision of the dorsal median raphe (left): myelotomy is carried out by using a fine blade or laser. 
In spite of any attempts to stay within the median raphe (Panel I) to avoid damage to the dorsal 
column, SEPs are frequently compromised or lost during this surgical step (Panel II). Although the 
drop in amplitude is usually reversible, SEPs may remain unmonitorable for several hours. 
Removal of the tumor (right): there is direct access to the tumor after dorsal columns are separated. 
If there is no adequate lateral visualization to safely remove the tumor without excessive retraction 
to normal neural tissues, ultrasonic aspiration can be used to debulk the central part of the tumor 
(Panel III). At this point it is possible to gently dissect the tumor from the neural tissue. In doing 
so, traction on the corticospinal and other descending motor tracts can occur (Panel IV). 
Accordingly, muscle MEPs, as well as epidural MEPs (D-wave), should be strictly monitored dur-
ing this surgical step. The upper right panel shows the disappearance of the left tibialis anterior 
MEP during tumor removal. The lower right panel illustrates a stable D-wave, which warrants 
good long-term motor outcome (see text for more details). Finally, the ventral part of the tumor is 
detached from the anterior spinal cord where perforating vessels from the anterior spinal artery are 
located (Panel V). It is critical to monitor motor pathways since a vascular injury to the cord may 
result in an irreversible and severe motor deficit. (Illustration reproduced from: Sala F, Lanteri P, 
Bricolo A. Intraoperative neurophysiological monitoring of motor evoked potentials during brain 
stem and spinal cord surgery. In: J.D. Pickard (Editor in Chief), V.V. Dolenc, J. Lobo Antunes, 
H.J. Reulen, M. Sindou, A.J. Strong, N. de Tribolet, C.A. F. Tulleken, M. Vapalahti (eds.) Advanced 
and Technical Standards in Neurosurgery. Vol. 29, pp. 133–169, 2004)
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part of surgical strategy for spine, and particularly for spinal cord surgery [4, 10]. 
Motor evoked potentials (MEPs) and sensory evoked potentials (SEPs) with estab-
lished interpretation and warning criteria are used for this purpose [14]. In selected 
patients with conus pathology, intraoperative monitoring of the bulbocavernosus 
reflex might be of additional value [15]. However, monitoring can only identify loss 
of integrity but not location and somatotopy.

Mapping Methods. Mapping methods identify structures within the exposed part 
of the spinal cord [2, 13]. Mapping methods for the spinal cord long tracts are less 
well developed. Three methods have been reported for mapping the dorsal column: 
(1) by measuring the amplitude gradient of the SEP, recorded using a miniature multi-
contact electrode over the surgically exposed spinal cord after stimulation of the 
peripheral nerves [13, 16, 17]; (2) by recording phase-reversal SEPs over the scalp 
after direct stimulation of exposed dorsal column [18]; and (3) by recording anti-
dromic responses over peripheral nerves after stimulation of the dorsal column [19].

Two mapping methods have been described for identifying the corticospinal tract 
(CST): (1) the D-wave collision technique [16, 20] and (2) direct stimulation of the 
spinal cord to elicit responses from limb muscles [21–24].

Recently, we were able to present neurophysiological background and clinical 
experience of identification of dorsal column and CST by direct electrical stimula-
tion of the spinal cord during intramedullary spinal cord tumor surgery. First, we 
showed that responses recorded from limb muscles after stimulation of the exposed 
spinal cord can also be obtained by stimulation of the dorsal column and not exclu-
sively by stimulation of the CST [25, 26]. Second, we demonstrated that muscle 
responses after CST or dorsal column stimulation have distinguishable features, if 
double train stimulation is used [26].

7.1.3  Cervical Myelopathy and Intradural–Extramedullary 
Tumors

In high cervical myelopathy patients prepped in the prone position, recording of 
SEP and MEP during positioning might be beneficial because changes in neuro-
physiologic parameters could indicate that positioning adjustments are necessary 
and, therefore, help prevent position-related injury to the spinal cord [27–29]. This 
approach might be especially helpful in high cervical intraspinal-intradural or 
sometimes even large extradural tumors. Rotation and manipulation of the spinal 
cord can be controlled by monitoring MEP and SEP when approaching anterior or 
anterolateral tumors via dorsal hemilaminectomy [30, 31].

7.1.4  Tumors Involving the Conus Medullaris

Neurosurgical procedures involving the conus medullaris or cauda equine might be also 
considered high risk surgeries [5, 8, 9, 32, 33]. During many surgeries, resection planes 
may be difficult to identify [8, 9]. Pathologies like ependymomas, astrocytomas, and 
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lipomas are rather benign pathologies, so preservation of neurological function and 
quality of life plays an important role [2, 8, 9, 34]. During those surgeries, mapping 
techniques are available that help to identify neural tissue and to define resection borders 
[2, 5, 35, 36]. In surgeries of large tumors in which the single nerve roots are not visible, 
a modality to monitor the integrity of sacral structures—such as the bulbocavernosus 
reflex (BCR)—might be important, too [5, 8, 32].

7.2  Intraoperative Neurophysiologic Methodologies 
for Monitoring Functional Integrity of the Spinal Cord

7.2.1  Monitoring Techniques of the Motor System

Muscle MEP and D-wave. Motor potentials can be elicited by transcranial electri-
cal stimulation via cork screw electrodes. The electrodes are placed at C3, C4, C1, 
C2, Cz- and a point 6 cm in front of Cz accordingly to the international 10/20 EEG 
electrode system (Fig.  7.2). Different montages can be applied: bilateral hemi-
spheric stimulation (C3/C4; C1/2) or uni-hemispheric stimulation (C3/Cz-;  C4/
Cz-). For eliciting leg MEPs, Cz- against 6 cm in front of Cz- might be an alterna-
tive with less movement artifact. Electrical stimulation is performed using rectangu-
lar constant-current stimuli of 500 μs duration and intensities between 50 mA and 
250 mA [10, 37].

Muscle MEPs are elicited with a train-stimulation technique consisting of a short 
train of 5–7 stimuli with 4  ms interstimulus intervals [39] (Fig.  7.3). MEPs are 
recorded using needle electrodes from target muscles in all four extremities: usually 

Transcranial

6 cm

C3 C4

Direct

Grid electrode

C2
CZ

C1

Fig. 7.2 Schematic (left) and actual illustration (middle) of electrode placement for transcranial 
electrical stimulation and direct stimulation of the motor cortex (right). C1,C3,Cz,C2,C4 are the 
positions of the stimulating electrodes aligned over the projection of the motor strip to the head. 
Upper right is the schematics of the coronal posterior view to the motor cortex (in red) and corti-
cospinal tracts (in pink) with an electrical field between the stimulating electrodes. Schematics of 
the grid electrode (bottom right) overlying the exposed motor and sensory cortexes. (Modified 
from: Deletis V. Intraoperative neurophysiology and methodology used to monitor the functional 
integrity of the motor system. In: Neurophysiology in Neurosurgery. A Modern Intraoperative 
Approach. V. Deletis and J. Shils (Eds.). Academic Press. pp. 25–51, 2002)
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small hand muscles and abductor hallucis/anterior tibialis muscle. Proximal muscle 
of upper and lower extremities might be added for monitoring as well. The signals 
are amplified 10,000 times and recorded on epochs of 100 ms with a filter bandpass 
from 1.5 to 853 Hz. The signals also do not require averaging and can be repeated 
at a rate of 0.5–2 Hz [10, 12, 37].

Epidural MEP (D-wave) is elicited with a single stimulus (single stimulus tech-
nique) and it is recorded with an electrode inserted into the spinal epidural or sub-
dural space by the surgeon after (hemi)laminectomy (Fig.  7.4) [37, 38]. The 
electrode is placed caudally and, if tumor location allows, a second electrode is 
placed cranially to the tumor of the spinal cord for control recordings. The D-wave 
is filtered between 1.5 Hz and 1700 Hz and it is recorded at the epochs of 20 ms. 
Usually, no averaging of single sweeps is necessary to successfully record D-waves. 
However, averaging after alternating anodal and cathodal stimulation might some-
times reduce the stimulus artifact.

In intramedullary spinal cord surgery, the best correlation between muscle MEP 
recordings and postoperative neurologic deficits lies in the assessment of disappear-
ance of a previously present MEP, regardless of thresholds or amplitudes. Increase 
in stimulus thresholds for muscle MEPs or, to a lesser degree, decrement of signal 
amplitudes may be considered as subclinical injury indicators without correlation to 
neurological dysfunction, and thus is considered a minor warning criterion [40].

D-wave preservation has been shown to be the strongest predictor of maintained 
corticospinal tract integrity and therefore of long term motor outcome [13]. 
Combining the use of muscle MEPs with D-wave recordings provides the most 
comprehensive approach for assessing the functional integrity of the spinal cord 
motor tracts during surgery for intramedullary spinal cord tumors (Table 7.1) [10, 
12, 13]. A historical control study could demonstrate that long term outcome 
improves applying intraoperative monitoring of muscle MEP and D-Wave in 
IMSCT surgery [4].

Muscle Recording

150 µV

20 ms

Recordings

Recordings

Fig. 7.3 Recordings of MEPs from the thenar, tibial anterior and abductor hallucis muscles after 
eliciting them with multipulse stimuli applied either transcranially or over the exposed motor cor-
tex. (Modified from: Deletis V. Intraoperative neurophysiology and methodology used to monitor 
the functional integrity of the motor system. In: Neurophysiology in Neurosurgery. A Modern 
Intraoperative Approach. V. Deletis and J. Shils (Eds.). Academic Press. pp. 25–51, 2002)
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7.2.2  Somatosensory Evoked Potentials (SEPs)

Upper limb SEP stimulation is performed over the median or ulnar nerves at the 
wrist; for lower extremities the tibial nerve at the ankle is generally selected. 
Stimulation can be performed either by surface or needle electrodes, with a stimula-
tion frequency ranging from 0.7 to 5.7 Hz [8]. Recording is performed via scalp 
electrodes according to the 10–20 EEG system. Lateral derivations (C3’ or C4’ vs 
Cz’) are chosen for upper extremity SEPs and, in most patients, medial derivations 
(Fz/Cz’) for lower extremity SEPs. However, sometimes other derivations might 
improve quality of signal recording [42]. The classical warning criterion is a 50% 
drop in signal amplitude [8, 42].

SEPs should not be used exclusively without MEP monitoring. However, SEPs 
continue to retain value as they provide specificity for assessing the integrity of the 
dorsal column [13].

Epidural Recording

D wave I waves

20 µV

2 ms

S

Fig. 7.4 Schematic diagram of the positions of the catheter electrodes (each with three recording 
cylinders) placed cranially to the tumor (control electrode) and caudally to the tumor to monitor 
the descending signals after passing through the surgery site (left). In the middle are D- and 
I-waves recorded rostrally and caudally to the tumor site. On the right, the placement of an epidural 
electrode is depicted percutaneously, through a flavectomy/flavotomy, or when the spinal cord is 
not exposed. (Modified from: Deletis V. Intraoperative neurophysiology and methodology used to 
monitor the functional integrity of the motor system. In: Neurophysiology in Neurosurgery. A 
Modern Intraoperative Approach. V. Deletis and J. Shils (Eds.). Academic Press. pp. 25–51, 2002)

Table 7.1 Principles of MEP Interpretation (Spinal Cord Surgery

D-Wave Muscle MEP Motor status
Unchanged or 30–50% decrease Preserved Unchanged

Lost unilaterally or bilaterally Temporary motor deficit
>50% decrease Lost bilaterally Long term motor deficit

Principles of D Wave and muscle MEPs interpretation during surgery for intramedullary spinal 
cord tumors. (Reproduced from Deletis V.  Intraoperative neurophysiological monitoring. In: 
McLone DG and Marlin AE (Eds.). Pediatric Neurosurgery: Surgery of the Developing Nervous 
System fourth Ed. Philadelphia: W.B.Saunders, 2001, pp. 1204–1213 [41]).
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7.3  Intraoperative Neurophysiologic Methodologies 
for Mapping Functional Integrity of the Spinal Cord

7.3.1  Dorsal Column Mapping

To define the midline for the myelotomy, several neurophysiological methods are 
available.

The first method measures the amplitude gradient of the SEP recorded by using 
a miniature multi-contact electrode over the surgically exposed spinal cord after 
stimulation of the peripheral nerves. Therefore, a miniature multi-electrode grid, 
consisting of eight parallel stainless-steel wires (numbered 1–8), with diameters of 
76 μm, and spaced 1 mm apart can be placed on the supposed dorsal column [13, 
16]. The recording wires are placed parallel to the long axis of the spinal cord, with 
a reference needle electrode placed in a nearby muscle. Stimulation of the right and 
left tibial or median nerve is applied with up 40 mA intensity with 0.2 ms pulse 
duration and a 13.3  Hz repetition rate. Recording is performed via the multi- 
electrode grid by 2 sets of 100–200 sweeps averaged from each of the 8 parallel 
recording surfaces [17]. The midline is determined as the point lying between two 
maximum amplitudes of the tibial SEP travelling waves or median nerve SEP sta-
tionary waves (Fig. 7.5) [13, 16].

The second method uses recording phase-reversal SEPs over the scalp after 
direct stimulation of exposed dorsal column [18]. The third possibility is record-
ing antidromic responses over peripheral nerves, after stimulation of the dorsal 
column [19].

7.3.2  Corticospinal Tract Mapping

D-wave collision technique. The D-wave collision technique is applied to identify 
the CST. D-wave collision can be achieved by stimulating the exposed spinal cord 
(with a hand-held probe delivering a single stimulus of 1–2 mA intensity) simulta-
neously with transcranial electrical stimulation to elicit a D-wave. Since the result-
ing signals are transmitted along the same axons, the descending D-wave collides 
with the ascending signal carried antidromically along the CST (Fig. 7.6) [16]. This 
result in a (maximal 50%) decrease in the D-wave amplitude recorded caudal to the 
collision site. This phenomena indicates that the mapping probe is in close proxim-
ity to the CST [16].

7.3.3  Mapping the Dorsal Column and CST with a Double 
Stimulation Paradigm

Mapping of the exposed spinal cord can also be performed with a double train para-
digm. The inter-train interval (ITI) is set at 60 ms [26]. This time is chosen because 
a partial recovery time of approximately 70 ms and a complete recovery of 150–
300  ms was reported in a study of recovery time after stimulation of the dorsal 
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column [43]. In other words, the spinal interneurons targeted by CST-fibres have a 
much shorter recovery time than 60 ms, whereas the spinal interneurons targeted by 
branches of dorsal column fibers ending up to the alpha motoneurons as a part of 
reflex arc have a recovery time significantly longer than 60 ms [43].

Therefore, it is expected that CST stimulation with this ITI would also generate 
a response after the second train, whereas stimulation of the dorsal column would 
not do so. The different patterns of muscle response after CST and dorsal column 
stimulation will be different in patients with and without spasticity [26]. In patients 
without spasticity, stimulation of the CST elicits 2 responses with identical features 
(Fig. 7.7a). Stimulation of the dorsal column generates only 1 response (Fig. 7.7b). 
In patients with severe clinical spasticity, the second response recorded after dorsal 
column stimulation is different from the first: either with higher or lower 
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Fig. 7.5 Dorsal column mapping in a 43-year-old patient with an ependymoma between the C1 and C7 
segments of the spinal cord. Spinal SEP responses were obtained from the eight recording sites after left 
and right tibial (bottom two sets of traces) and median nerve stimulations (top two sets of traces). Two 
sets of 100 sweeps were averaged. Note the amplitude gradient of conducted potentials across the 
recording surfaces with maximum amplitude after left tibial stimulation at recording site 4 and record-
ing site 6 after right tibial stimulation. There is also an amplitude gradient of segmental potentials across 
the recording sites after median nerves stimulation. The maximum amplitude after left median nerve 
stimulation was at recording site 1, while after right median nerve stimulation, it was at site 7. Between 
the traces is an intraoperative picture of the exposed spinal cord taken during the measurement. 
(Reproduced from: Kržan M.J.: Intraoperative Neurophysiological mapping of the spinal cord’s dorsal 
column. In: Neurophysiology in Neurosurgery. A Modern Intraoperative Approach. V.  Deletis and 
J. Shils (Eds.). Academic Press. 2002. pp. 153–164)
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amplitudes, usually variable response, but never equal to the first one (Fig. 7.8a. 
Stimulation of the CST generates two responses of equal amplitude, identical to 
those of the non-spastic patients (Fig. 7.8b) [26].

TES

NEGATIVE MAPPING - NO COLLISION, D1 = D2 POSITIVE MAPPING - COLLISION OCCURS, D2 = 42 % OF D1

0 5 10 15 20 25 30 35 40 ms 0

Stim:
2.5 mA

D1

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0

D2

D1 D2
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50 µν 50 µν
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D2D1D2

S2+S1 S2+S1
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b

c

Fig. 7.6 Mapping of the CST using the D-wave collision technique (see text for explanation): (a) 
S1  transcranial electrical stimulation (TES), S2  spinal cord electrical stimulation, D1  control 
D-wave (TES only), D2 D-wave after combined stimulation of the brain and spinal cord, R  the 
cranial electrode for recording the D-wave in the spinal epidural space. Right: the tip of the hand 
held stimulating probe with a scale in millimeters. (b) Left: negative mapping results (D1 = D2); 
Right: positive mapping results (D2 wave amplitude significantly diminished after collision). (c) 
Intraoperative mapping of the CST within spinal cord in 44-year-old patient with intramedullary 
arterio-venous malformation at T3-T5 level; stimulating probe delivering 2.5 mA current pulse in 
the close proximity with CST, revealed by a decrement of the D2 wave amplitude of proximately 
50% compared with D1 wave amplitude (control). (Modified from: Deletis V, de Camargo 
AB. Interventional neurophysiological mapping during spinal cord procedures. Stereotactic and 
Functional Neurosurgery 2001, 77, 25–28)
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Fig. 7.7 Seven groups of muscle recordings of 10 consecutive trials of double train stimulation 
(stim 1 and 2 with an ITI of 60 ms) of the CST and dorsal column in a patient without spasticity. 
Intramedullary pilocytic astrocytoma at level C2–T1 approached via laminectomy. Stimulation of 
the CST with double trains of stimuli elicited identical double responses (a). Stimulation of the 
dorsal column elicited only one response after the first train, but no response after the second train 
(b). The vertical arrows depict beginning of the responses. AH abductor hallucis, APB abductor 
pollicis brevis, EXT extensor digitorum, L left, Probe stimulating hand held probe, R right, TA tibi-
alis anterior. The vertical arrows depict beginning of the responses. (Reproduced from: Deletis V, 
Seidel K, Sala F, Raabe A, Chudy D, Beck J, Kothbauer KF. Intraoperative identification of the 
corticospinal tract and dorsal column of the spinal cord by electrical stimulation. J Neurol 
Neurosurg Psychiatry. 2018 Feb 7. pii: jnnp-2017-317,172. https://doi.org/10.1136/jnnp-2017-
317,172. [Epub ahead of print])
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Fig. 7.8 Six consecutive trials of muscle recordings of double train stimulation (stim 1 and 2 with 
an ITI of 60 ms) of the CST and dorsal column dorsal column in a patient with severe spasticity. 
Melanocytic schwannoma at level T1/2 approached by hemi-laminectomy. Responses recorded in 
the right abductor halluces muscle (R AH) after stimulation of the CST and dorsal column. Note 
that after a double train stimulation of the dorsal column the second response has significantly 
higher amplitude than the first response and is polyphasic. This is in contrast to the example from 
a patient without spasticity shown in Fig. 7.7. The vertical arrows depict beginning of the responses. 
L left, Probe stimulating hand held probe, R right. (Reproduced from: Deletis V, Seidel K, Sala F, 
Raabe A, Chudy D, Beck J, Kothbauer KF. Intraoperative identification of the corticospinal tract 
and dorsal column of the spinal cord by electrical stimulation. J Neurol Neurosurg Psychiatry. 
2018 Feb 7. pii: jnnp-2017-317,172. https://doi.org/10.1136/jnnp-2017-317,172. [Epub ahead of 
print])
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7.4  Intraoperative Clinical Neurophysiology of the Sacral 
Nervous System

A couple of neurophysiological methods are available to monitor efficiently the 
lumbosacral nervous system. In anesthetized subjects, it is technically feasible to 
record the following neurophysiological signals (Fig. 7.9):

Afferent Events Efferent Events

2. Anal M-Wave

Stimulation

C1

5 ms

4 ms

50 ms

20 ms

100 µν

µν

70 µν

50 µν

C2

1. Pudendal DRAP

3. Anal MEP

4. BCR

Intraoperative Neurophysiology
of Sacral System

Fig. 7.9 Neurophysiological methods used to intraoperatively monitor the sacral nervous system. 
To the left are “afferent” events after stimulation of the dorsal penile/clitoral nerves and recording: 
(1) pudendal DRAP. To the right are “efferent” events: (2) anal M-wave recorded from the anal 
sphincter after stimulation of the S1–S3 ventral roots; (3) anal MEPs recorded from the anal 
sphincter after transcranial electrical stimulation of the motor cortex; and (4) bulbocavernosus 
reflex obtained from the anal sphincter muscle after electrical stimulation of the dorsal penile/cli-
toral nerves. (Modified from Deletis, V. (2001). Neuromonitoring. In “Pediatric Neurosurgery” 
(D. MacLeone, Ed.) Fourth Edition, pgs 1204–1213. W.B. Saunders Co., Philadelphia)
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 1. Afferent events
 (a) Dorsal root action potentials (DRAP) after pudendal nerve stimulation

 2. Efferent events
 (a) Sphincter compound muscle action potential (CMAP) responses after sacral 

ventral root stimulation
 (b) Sphincter MEP after motor cortex stimulation
 (c) Bulbocavernosus reflex

7.4.1  Basic Technical Aspects of stimulation for Intraoperative 
Sacral Monitoring

For recording DRAP and BCR, the appropriate peripheral sensory structure (ie, the 
sensory part of pudendal, dorsal, penile, or clitoral nerves) has to be stimulated by 
silver/silver chloride cup EEG-type electrodes or other types of adhesive surface 
electrodes. These are placed on the dorsal surface of the penis or clitoris (this elec-
trode represents the cathode). The other electrode (ie, anode) is placed either dis-
tally on the penis (1–2 cm apart from the proximal electrode) or on the adjacent 
labia [15, 44].

To record DRAP from sacral roots, which carry afferents from pudendal nerves, 
a hand held bipolar hook electrode is used. Stimuli of 20 mA intensity at 0.2 ms 
duration have been applied, involving stimulation of the penis or clitoris (at various 
frequencies up to 13.3  Hz). For BCR stimulation, low frequency around 2.3  Hz 
should be used [15]. Stimulation can also be performed at the level of the spinal 
roots where a hand-held sterile monopolar or bipolar electrode can be placed on the 
appropriate roots or rootlets. Square wave pulses of up to 2 mA intensity and 0.2 ms 
duration are then delivered (Fig. 7.9).

In order to record MEP from the external anal sphincter muscle, the identical 
methodology should be applied as stimulating and recording other muscle MEPs.

7.4.2  Bulbocavernosus Reflex

For male patients, the cathode is placed on the base of the glans penis and the anode 
is placed 5 to 10 mm distally [15]. For female patients the cathode is placed over the 
clitoris and the anode is placed on one of the labia major [15, 45]. Recording is done 
by 2 pairs of hook wire electrodes placed on the left and right side of the external 
anal sphincter muscle [15]. Even though this muscle is concentric, lateral record-
ings is used to have a more complete coverage of the left and right side of the anal 
sphincter [46]. The selection of the stimulation paradigm is done as described by 
Deletis et al. [15] We recommend using a short train of 5 stimuli, increasing to 7 
stimuli when the response is small in amplitude or unelicitable. Pulse duration of 
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the stimuli should be kept to 0.5 ms with an inter-stimulus interval of 4 ms [5, 15, 
47]. Applied stimulation intensity ranges from 10–40 mA; the lowest current needed 
to elicit a stable response is used. The repetition rate of the individual trials of stimu-
lation will be set between 0.4 and 2.3 Hz for up to maximal four trials and then 
paused to avoid reflex habituation [46].

The BCR is used to assess the functional integrity of motor and sensory sacral 
nerve roots, as well as grey matter of S2 to S4 spinal cord segments [15]. The 
correlation between sphincter control and BCR is even more complex since the 
BCR cannot detect injury to the suprasegmental pathways controlling sphincter 
activity. However, BCR monitoring improves the reliability of intraoperative 
neurophysiology, although it may require a higher degree of neuromonitoring 
expertise [48].

7.4.3  Intraoperative Neurophysiologic Methodologies 
for Mapping Other Roots of Cauda Equine

Mapping of the cauda equine can be performed either with monopolar, bipolar, or 
coaxial bipolar stimulation probes. Stimulation intensity ranges from 0.1 to 2 mA, 
depending on the direct visibility of neural tissue or mapping on the surface of a 
tumor. Stimulation can be either performed with a single pulse at low frequency (2.0–
3.0 Hz) or with a short train. Recording is done in the muscles of interest, including 
the external anal sphincter. It is important to keep the surgical field as dry as possible 
to avoid current spreading. Stimulation of dorsal and ventral roots will both elicit a 
muscle response; however, for dorsal roots, the threshold might be higher [48].

7.5  Conclusion

Applying advanced intraoperative neurophysiological monitoring and mapping 
techniques may significantly decrease surgical induced injury to the spinal cord 
without limiting the extent of tumor resection. We describe methods for monitoring 
and mapping the white matter long tracts, as well as grey matter structures of the 
spinal cord. A team approach between neurosurgeon, neurophysiologist and neuro-
anesthesiologist may change surgery of tumors of the spinal cord.
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in Spinal Cord Tumors
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8.1  Introduction

Surgery for spinal cord tumors provides unique challenges in anesthetic manage-
ment. Patients often present with significant comorbid conditions, including serious 
cardiovascular, respiratory, renal, and neurologic impairments. Airway manage-
ment may be complicated by cervical spine involvement or the need for single lung 
ventilation. Positioning for spine surgery, in particular prone positioning, introduces 
physiologic strains and increases the risk of iatrogenic injury. Anesthetic manage-
ment may need to be altered to facilitate neurophysiological monitoring. Given the 
risk of major blood loss, steps can—and should—be taken to minimize blood loss 
and the need for allogeneic blood transfusion. In addition, patients undergoing spi-
nal surgery often have significant postoperative pain, and this must be addressed 
both intraoperatively and postoperatively.

The anesthesiologist has a duty to confront these challenges and minimize risk to 
the patient while facilitating optimal surgical conditions. This will ensure that every 
patient undergoing spine surgery for a spinal tumor has the opportunity to achieve 
the best possible outcome.

8.2  Preoperative Assessment

For every patient coming to the operating room, a detailed preoperative assessment 
should be performed with a focus on history, physical exam, and assessment of the 
airway, respiratory, cardiovascular, musculoskeletal, and neurological systems.
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Cardiovascular evaluation should include preoperative cardiac risk assessment 
and risk stratification based on American College of Cardiology/American Heart 
Association guidelines. If they are unable to exercise due to their underlying neuro-
logic status or chronic pain, assessing functional status may be challenging. Spinal 
tumors in the cervical region may cause respiratory dysfunction and these patients 
may have restrictive lung disease. In addition to routine preoperative respiratory 
assessment, pulmonary function testing and arterial blood gas analysis may be indi-
cated. Neurological evaluation should include documentation of any preexisting 
motor, sensory and autonomic neurologic dysfunction before the surgery. The 
knowledge about these preexisting deficits and/or dysfunctions will be very helpful 
in early recognition and diagnosis of new onset postoperative neurological deficits. 
These patients may also have musculoskeletal conditions which might make posi-
tioning them for surgery challenging.

Pain is a very common complaint in patients with spinal cord tumors and periop-
erative management of pain will be very important. Patients should be instructed to 
continue all of their pain medications, including opioids prior to surgery. 
Continuation of nonsteroidal anti-inflammatory drugs (NSAIDs) should be dis-
cussed with the surgical team in view of the risk of platelet dysfunction and poten-
tial for surgical bleeding. Since some patients might have been already treated for 
their primary tumor, careful attention should be paid to the adverse systemic effects 
of chemotherapy drugs. Patients with large or symptomatic tumors are often treated 
with steroids (e.g., dexamethasone) to decrease edema and cord compression, and 
are thus at risk for hyperglycemia that may require perioperative treatment.

Laboratory testing should be based on preexisting medical conditions and the 
extent of the surgical procedure. This will typically include a complete blood count 
and basic coagulation profile. Blood cross matching and an antibodies screen is 
required if significant blood loss is anticipated; otherwise blood typing and an anti-
bodies screen is sufficient.

8.3  Airway Management

Patients presenting for surgical resection of a spinal cord tumor can pose significant 
challenges for airway management. The level of surgery, which can extend from the 
cervical to sacral areas, impacts the planning for airway management. It is impor-
tant that the anesthesiologist communicates with the surgical team to understand the 
type of the tumor and surgical approach. A tumor of the cervical spine might require 
awake flexible fiber-optic intubation and a patient with a thoracic spine tumor might 
need placement of a double lumen endobronchial tube. In 2013, the American 
Society of Anesthesiologists (ASA) published an updated ASA Difficult Airway 
Algorithm [1], which is used as the general guideline for all aspects of clinical air-
way management and should be applied for airway management of patients under-
going resection of spinal cord tumors.
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8.3.1  Evaluation of the Airway

The ASA practice guidelines for management of the difficult airway start with an 
evaluation of the airway. In many cases, a failure to recognize potential airway dif-
ficulties is a root cause of an airway disaster [2]. The failure to successfully manage 
the airway has been identified as a major factor leading to poor outcomes in many 
specialties, including anesthesiology, critical care, and emergency medicine [3, 4]. 
The ASA practice guidelines recommend that multiple airway features should be 
assessed during a physical examination of the airway. These features may suggest 
the presence of a difficult airway, and their assessment can help predict difficult 
ventilation and/or difficult intubation scenarios [1]. Although there is no standard 
definition of a “difficult airway,” many national airway guidelines agree that a dif-
ficult airway can be defined in terms of difficulty with ventilation via a facemask, 
difficulties with supraglottic airway placement, difficult laryngoscopy, difficult tra-
cheal intubation, or difficult surgical airway access [1, 5].

8.3.2  Airway Management Techniques

Most of the patients undergoing resection of spinal cord tumors have their airway 
managed via endotracheal intubation. The placement of the endotracheal tube can 
be accomplished by multiple different techniques, including direct laryngoscopy, 
video laryngoscopy, or flexible fiber-optic intubation. First, the decision has to be 
made if intubation should be accomplished with the patient awake or after induction 
of general anesthesia. In patients with a cervical spine tumor, many anesthesiolo-
gists prefer to place the endotracheal tube with the patient awake using a flexible 
fiber-optic bronchoscope. This technique is least likely to cause cervical spine 
movement in comparison with other methods and it is considered an ideal method 
when cervical spine movement is not feasible [6]. If the patient’s airway evaluation 
did not reveal a difficult airway, placement of the endotracheal tube can be carried 
out after induction of general anesthesia. The direct laryngoscopy technique with 
Macintosh or Miller laryngoscopy blades is traditionally used. Recently, video 
laryngoscopy has found to be the technique of choice in patients with “anterior” 
view of the larynx for patients who require cervical spine immobilization [7].

The resection of the thoracic spinal cord tumor may require collapsing of one 
lung to facilitate surgical exposure and the procedure itself. The placement of a 
double lumen endobronchial tube (DLT) is needed to achieve lung separation and 
accommodate the surgical procedure. Again, in the patient with an anticipated dif-
ficult airway, an awake method of placement might be a more desirable technique. 
Although DLT can be inserted by flexible fiber-optic bronchoscope in an awake 
patient, some anesthesiologists prefer to begin with single-lumen tube insertion in 
an awake patient. After induction of general anesthesia, a single-lumen tube can be 
exchanged to DLT using an airway exchange catheter. After surgery is completed, a 
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DLT is typically exchanged to a single-lumen tube, again using the airway exchange 
catheter combined with video laryngoscopy. Lung isolation can be also achieved 
using a bronchial blocker, particularly when faced with a difficult tracheal intuba-
tion, thus avoiding an endotracheal tube exchange.

8.3.3  Complications during Extubation

It is highly recommended to document any difficulties encountered during insertion 
of the endotracheal tube since these will be taken into consideration when develop-
ing a plan for extubation. The Intubation Difficulty Scale introduced by Adnet et al. 
[8] can be useful. This scale incorporates seven variables: (1) the number of supple-
mentary attempts needed; (2) the number of supplementary persons directly attempt-
ing intubation; (3) the number of alternative techniques used; (4) the need for 
applied external laryngeal pressure; (5) the lifting force applied during laryngos-
copy; (6) the degree of glottic exposure obtained, and (7) the position of vocal cords 
noted at laryngoscopy.

The resection of spinal cord tumors can be associated with a long operative time, 
vigorous fluid administration, blood loss, or a need for blood transfusion. All these 
components can contribute to postoperative airway edema, which is one of the 
major factors of postoperative airway complications. When these risk factors are 
present, it may be preferable to postpone extubation or to extubate over an airway 
exchange catheter in order to avoid potentially catastrophic complications [9].

8.4  Positioning for Spine Surgery

Positioning should be used to facilitate exposure and minimize both bleeding and 
the likelihood of damage to vital structures. Surgery for spinal cord tumors is gen-
erally performed in the prone position, although many other approaches are pos-
sible. The ideal positioning will depend upon the location and extension of the 
tumor and institutional and surgeon preferences. An understanding of the effects of 
positioning is important to allow proper ventilation and perfusion of the anesthe-
tized patient and avoid any postoperative morbidity secondary to the position 
 during surgery.

8.4.1  Cardiovascular Effects of Prone Positioning

Decreased Cardiac Index. One of the most important cardiovascular complica-
tions during spine surgery in the prone position is a decrease in the cardiac index. 
Cardiac Index is a calculated parameter that normalizes cardiac output (itself a com-
bination of heart rate and stroke volume) to body surface area. The decrease in 
cardiac index is due to a decrease in stroke volume in the setting of minimal change 
in heart rate [10]. This decrease in stroke volume occurs due to increased 
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intra- thoracic pressures that cause a decrease in venous return and a decrease in 
atrial filling [11]. Secondarily, reflex baroreceptor activation increases sympathetic 
activity, which increases systemic vascular resistance and pulmonary vascular resis-
tance. This might mean that mean arterial pressures are maintained due to the 
increased systemic vascular resistance and there are no changes in mean right atrial 
or pulmonary artery pressures, but often a lower mean arterial pressure results [12].

Inferior Vena Cava Obstruction. Physical compression of the inferior vena 
cava and the resulting obstruction of blood flow in the prone position also lead to a 
decrease in venous return and cardiac output [13]. Additionally, inferior vena cava 
obstruction leads to distention of the vertebral column venous plexus, which con-
tributes to increased blood loss during spine surgery. Inferior vena cava obstruction 
is exacerbated by any degree of abdominal compression [14]. Therefore, careful 
positioning and use of a support system that allows for a free abdomen is essential 
to minimize these risks.

8.4.2  Respiratory Effects of Prone Positioning

Respiratory changes in anesthetized and paralyzed patients in the prone position are 
influenced by the body habitus of the patient and the type of frame or support used. 
When a patient is moved from supine to the prone position there is increase in func-
tional residual capacity and PaO2. There is very minimal change in forced vital 
capacity and forced expiratory volume in one second (i.e., FEV1) and no changes in 
PaCO2 [15, 16]. It should be noted that when an upright and conscious patient is 
placed in the supine position while anaesthetized and paralyzed, their functional 
residual capacity will decrease by up to 44%, but when the patient moves from 
upright to the prone position, functional residual capacity is decreased by only 12% 
[17]. Delivered tidal volumes, inspiratory flow rates, and static compliances of the 
respiratory system (chest wall and lung) are unchanged. The resistance of the respi-
ratory system increases by 20% but airway resistance is not altered [16]. Functional 
residual capacity increase is due to the reduction of cephalad pressure on the dia-
phragm and the reopening of atelectatic lung segments [18]. The changes in ventila-
tion and perfusion from the supine to prone position results in better ventilation/
perfusion matching and improved arterial oxygen tension [19].

8.4.3  Neurologic Complications of Prone Positioning

Injury to the Central Nervous System. Injury to the central nervous system during 
spine surgery in the prone position can result from arterial occlusion, venous occlu-
sion, cervical spine injury, or the effect of undiagnosed space-occupying lesions 
[18]. Occlusion of the vertebral or carotid arteries from unrecognized extension or 
rotation of the neck during prone positioning can result in lateral medullary 
 syndrome, quadriplegia, permanent hemiparesis, fatal stroke, vertebral artery 
 dissection, or carotid artery dissection.
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Cervical Spine Injury. Excessive flexion or extension of the neck in prone posi-
tion under anesthesia with muscle relaxation can result in acute cervical spine disc 
herniation or injury in patients with preexisting cervical spine disease. Spinal cord 
infarction has been reported in patients with skeletal dysplasia and chest wall defor-
mity [20]. Dislocation injuries without any preexisting cervical spine dislocations 
are extremely uncommon.

Peripheral Nerve Injury. Peripheral nerve injury during prone position results 
from nerve ischemia from undue stretching or direct pressure. The nerves at highest 
risk of injury during prone position are the brachial plexus, ulnar nerve, and lateral 
cutaneous nerve of the thigh [21]. Other nerve injuries less frequently reported are 
axillary nerve, musculocutaneous nerve, radial nerve, sciatic nerve, lingual, buccal, 
supra- orbital, phrenic, and recurrent laryngeal nerves. Somatosensory evoked 
potentials (SSEPs) can be used as an indirect monitor to detect impending periph-
eral injury during position. During SSEP monitoring of the upper limbs in the prone 
“Superman” position, reversible position-related SSEP changes occurred in 7.0% of 
patients. In contrast, use of the prone position with arms tucked by the patient’s side 
caused changes in only 2.1% of patients [22].

Pressure Injuries in Prone Position. Pressure injuries in the prone position to 
dependent parts of the body can result from either direct pressure or indirect pres-
sure or occlusion of the vascular supply.

Direct pressure injury with pressure necrosis of the skin is a common iatrogenic 
injury that can occur in the prone position. The common sites of direct pressure 
injuries are the malar regions, iliac crests, chin, eyelids, nose, and tongue. Tracheal 
compression is possible in the prone position in patients with connective tissue 
defects of the trachea like Marfan’s syndrome or tracheomalacia. Acute bilateral 
painful swelling of the submandibular glands has been reported after surgery in the 
prone position with the head rotation. Submandibular swelling can also result from 
stretching of the salivary ducts, leading to stasis. Tongue and lip lacerations can 
occur as a result of intraoperative transcranial motor evoked potential stimulation; 
these can usually be prevented by routine use of a soft bite block. A more rigid oral 
airway may aggravate oropharyngeal swelling.

Macroglossia and oropharyngeal swelling are rare complications in prone posi-
tion. It can result from extreme flexion of the head with an oral airway or endotra-
cheal tube causing obstruction of the internal jugular vein, which further obstructs 
lingual and pharyngeal veins. Swelling of the tongue and oropharynx can lead to 
increased risk of postoperative upper airway edema, which may then require emer-
gency airway management.

Mediastinal compression has been reported in patients with previous cardiotho-
racic surgery or congenital anatomical abnormalities, like scoliosis or pectus exca-
vatum. Severe hypotension and decreased cardiac output can result from compression 
of the heart and great vessels during surgical manipulations of the spine in prone 
position.

Abdominal compression with visceral ischemia leading to hepatic ischemia and 
pancreatitis are reported in prolonged surgery in prone position.
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Avascular necrosis of the femoral head has been reported in patients with osteo-
arthritis of the hip who underwent spinal surgery in the prone position using hypo-
tensive anesthesia. Deliberate hypotension and increased venous pressure from the 
prone position resulted in intraosseous hypertension and ischemia leading to avas-
cular necrosis of compromised femoral head.

Compression and occlusion of the axillary artery, femoral artery, and external 
iliac artery can occur during spine surgery in prone position. Axillary artery occlu-
sion has been detected by pulse oximetry or radial artery monitoring on the affected 
arm. Femoral artery occlusion has been detected by sudden loss of SSEP from the 
posterior tibial nerve and absence of the dorsalis pedis pulse.

Compartment syndrome after spine surgery is rare, but several cases have been 
reported. Compartment syndrome occurred in patients in prone positioning that 
involved flexion of the hips and knees and surgery lasting more than 3 h. Fasciotomies 
may be required and can be complicated by rhabdomyolysis and acute renal 
failure.

8.4.4  Perioperative Visual Loss

Perioperative visual loss is a rare but devastating complication in patients undergo-
ing spinal surgery, and is associated with significant physical disability and loss of 
quality of life. Visual loss after spine surgery is rare with ophthalmic complications 
occurring in less than 0.2% [23]. Perioperative visual loss can be classified into four 
different types: anterior ischemic optic neuropathy (AION), posterior ischemic 
optic neuropathy (PION), central retinal artery occlusion (CRAO), and cortical 
blindness [24].

AION can occur most commonly with cardiac bypass procedures, but can also 
occur during spine surgery in prone position. Predisposing risk factors for AION 
include hypotension, anemia, large fluid shifts, high crystalloid volume resuscita-
tion, coexisting vascular disease, and a small cup-to-disc ratio.

PION can occur after spine surgery in prone position in the setting of elevated 
venous pressure in the head. Independent risk factors for ischemic optic neuropathy 
are male sex, obesity, use of a Wilson frame, longer anesthetic duration, greater 
estimated blood loss, and lower percent colloid administration. Older age, hyperten-
sion, atherosclerosis, smoking, or diabetes were not associated risk factors for isch-
emic optic neuropathy (ION), suggesting acute intraoperative physiological changes 
in development of ION. Recovery from ischemic optic neuropathy is very poor and 
no proven beneficial treatments are known.

CRAO occurs after spine surgery in the prone position due to globe compres-
sion. External eyeball compression increases intraocular pressure; this can lead to 
occlusion of retinal vessels. Patients usually complain of unilateral and complete 
visual loss shortly after awakening from anesthesia. Signs of periorbital trauma, 
such as swelling, erythema, bruising, proptosis, or ophthalmoplegia, may be 
present.
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Cortical Blindness occurs most commonly in children undergoing complex spi-
nal fusion surgery. Cortical blindness is caused by emboli to the parieto-occipital 
cortex or by profound hypoperfusion with bilateral posterior watershed infarctions. 
Cortical blindness has a good prognosis compared with other types of Perioperative 
visual loss with improvement in vision over weeks, but may have permanent defects 
in spatial orientation despite normal visual acuity and visual fields.

Guidelines and Recommendation in Management of Perioperative Visual 
Loss. The ASA’s Task Force on Perioperative Blindness has published recommen-
dations for prevention and management of Perioperative visual loss in patients 
undergoing major spinal surgery in the prone position. These recommendations 
include informing patients that there is a small unpredictable risk of Perioperative 
visual loss, monitoring blood pressure (and use of central venous pressure monitor-
ing in high-risk patients), the use of colloids along with crystalloids in fluid resusci-
tation, positioning the head at or above the level of the heart, maintaining neutral 
head position (e.g., without significant neck flexion, extension, lateral flexion, or 
rotation), avoiding direct pressure on the globe, staging spine procedures in high- 
risk patients, visual assessment when a patient becomes alert, urgent ophthalmo-
logic consultation, and optimization of hemoglobin/hematocrit values, hemodynamic 
status, and arterial oxygenation [25].

8.5  Anesthesia for Neurophysiological Monitoring

Almost all surgery for spinal tumors is performed under general anesthesia. The 
choice and dose of specific anesthetic agents will be guided by the patient’s condi-
tion and comorbidities, but the type of neurophysiological monitoring being 
employed will have a bearing on the anesthetic technique. Maintaining a stable 
anesthetic depth with agents that are compatible with the neurophysiological moni-
toring modalities in use is important so that changes in neurologic function can be 
detected and interpreted.

Evoked potential monitoring is affected by multiple factors, such as temperature, 
mean arterial blood pressure, spinal cord perfusion, nerve compression, hypoxia, venti-
lation, anemia, anesthetic type and dose, and metabolic diseases. All anesthetic agents 
alter neural functions by producing dose dependent depression in synaptic activity. The 
greater the number of synapses involved in neural signal transmission, the greater the 
depressant effect of anesthetic agent. Although several types of anesthetic agents are 
used for anesthesia maintenance including inhalational and intravenous (IV) agents, 
total intravenous anesthesia (TIVA) is the standard technique when neurophysiological 
monitoring is employed during spine surgery. IV anesthetic agents, such as propofol, 
dexmedetomidine, barbiturates, benzodiazepines, opioids, etomidate, and ketamine, 
have significantly fewer effects on evoked potentials than inhalational agents (Table 8.1) 
[26–28]. Volatile halogenated inhalation anesthetic agents, including halothane, isoflu-
rane, sevoflurane, and desflurane, cause a dose- dependent decrease in amplitude and an 
increase in latency of evoked responses [29–31]. These effects are greater on cortical 
evoked responses than on subcortical responses.
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8.5.1  Effects of Anesthetic Agents on SSEPs

SSEPs are used in evaluation of the sensory pathway: peripheral nerves, dorsal root 
ganglia, the dorsal column of the spinal cord, the sensory thalamus, and the sensory 
cortex. Using needle or surface electrodes, the median or ulnar nerve is stimulated 
at the wrist for upper extremity SSEPs and the posterior tibial nerve at the ankle for 
lower extremity SSEPs. The stimulation of these mixed nerves results in activation 
of the sensory pathway and the responses travel all along the sensory pathway and 
ascends to the brain. The evoked responses are recorded over Erb’s point, popliteal 
fossa, cervical spine, and the sensory cortex. Stimulation of these mixed nerves also 
results in activation of the motor components, which is seen as muscle twitches in 
distal musculature.

When compared with intravenous anesthetic agents, volatile inhalational 
anesthetics agents cause greater depression of the cortical SSEPs. Adequate cor-
tical SSEPs can be recorded at 0.5 minimal alveolar concentration (MAC) of 
volatile inhalational agents in patients without any preexisting neurological 
impairment. Volatile agents, such as halothane, isoflurane, sevoflurane and des-
flurane, cause dose-dependent increases in latency and decreases in amplitude 

Table 8.1 Effects of anesthetic agents on Cortical SSEP and Myogenic MEP

Anesthetic Agent
Cortical SSEP Myogenic MEP
Latency Amplitude Latency Amplitude

Halothane ↑ ↓ ↑↑ ↓ ↓
Isoflurane ↑ ↓ ↑↑ ↓↓
Sevoflurane ↑ ↓ ↑↑ ↓↓
Desflurane ↑ ↓ ↑↑ ↓↓
Nitrous oxide ↑ ↓↓ ↑↑ ↓↓↓
Propofol Minimal 

effect
↑ at high 
doses

Minimal 
effect
↓ at high 
doses

Minimal
↑ at high 
doses

Minimal effect
↓ at high doses

Etomidate No effect ↑at low 
doses
↓at high 
doses

No effect ↑at low doses
↓at high doses

Ketamine No effect ↑at low 
doses

Minimal effect ↑at low doses
↓at high doses

Opioids No effect Minimal 
effect

Minimal effect Minimal effect

Dexmedetomidine No effect No effect Minimal effect at low 
doses
↓at high doses

Benzodiazepines ↑ ↓ ↑ ↓
Barbiturates ↑ Minimal 

effect
↑ ↓

Lidocaine Minimal 
effect

Minimal 
effect

Minimal effect
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of cortical SSEP.  As the concentration increases above 1 MAC, the recorded 
signal amplitude drops at a much faster rate [28, 30]. Nitrous oxide (N2O) causes 
an increase in latency and decrease in amplitude of cortical SSEP, and also aug-
ments these effects on volatile agents [30, 32]. The effects on the spinal SSEP 
responses are significantly less, allowing recordings at higher anesthetic con-
centrations. Although propofol does cause a dose-dependent decrease in ampli-
tude of cortical SSEPs, this effect is notably less than that from inhalational 
anesthetics. At very high doses, propofol can cause significant decremental 
effect on the SSEP [33]. Opioids [34, 35], lidocaine [36], and dexmedetomidine 
[26, 37] have little effect on latency and amplitude of SSEP.  Ketamine and 
etomidate at low concentrations [38, 39] can actually cause augmentation of the 
cortical SSEP response. All other intravenous drugs cause dose dependent 
reduction in the amplitude, as well as ketamine and etomidate at higher concen-
trations [39, 40].

8.5.2  Effects of Anesthetic Agents on MEPs

MEPs are used in evaluation of the motor pathway involving motor cortex, cortico-
spinal tract, alpha motor neuron connecting the primary and secondary motor neu-
rons, peripheral nerve, and muscle. MEPs are elicited by magnetic stimulation or 
transcranial electrical stimulation either to the scalp utilizing two needles or by 
direct stimulation of the surface of the brain.

Volatile inhalational anesthetics agents have a profound negative effect on the 
myogenic MEP responses. In patients without any preexisting neurological pathol-
ogy, muscle responses might be recorded with up to 0.5 MAC of a volatile agent 
[41], but often less is required. Nitrous oxide has synergistic action when combined 
with volatile inhalational agent [42] and is generally avoided. Intravenous anes-
thetic agents, such as propofol, also affect the amplitude and latency of the myo-
genic MEP, but these effects are only seen at higher doses. Propofol has a dose- related 
inhibitory effect on the MEPs, but at standard anesthetic dose, this effect is less than 
inhalational anesthetics; adequate MEPs can be easily monitored [27, 35]. Opioids 
have minimal effect on muscle MEPs [43]. Ketamine [44] and etomidate [27] at low 
doses enhance the MEP but are depressant at higher doses. Dexmedetomidine does 
not affect myogenic MEP when used as adjuvant to propofol- based TIVA at lower 
target plasma concentration less than 0.6 ng/ml but can significantly attenuate the 
amplitude at higher target plasma concentration of 0.6–0.8 ng/ml [45, 46]. Lidocaine 
can be used as a component of balanced anesthesia without adversely affecting the 
monitoring MEPs [36].

Neuromuscular blockade (NMB) with non-depolarizing muscle relaxants, such 
as vecuronium, rocuronium, atracurium and cisatracurium is generally avoided. If 
NMB agents are used, the degree of paralysis must be monitored with a “train-of- 
four” response with a goal of 2 out of 4 twitches or a single twitch of 10–20% of 
baseline.
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8.5.3  Effects of Anesthetic Agents on EMG

Electromyography (EMG) during spine surgery can be either free run electromyog-
raphy (fEMG) or triggered EMG (tEMG). fEMG records muscle activity resulting 
from potential irritation of a nerve innervating the muscle, and tEMG records mus-
cle activity in response to stimulation of a nerve.

Anesthetic agents, including intravenous and volatile inhalational agents, have 
minimal effect on EMG recording. Neuromuscular blocking agents, on the other 
hand, have a profound effect and are avoided. The EMG requires the neural signal 
to pass through the neuromuscular junction, the site where nerve transmission is 
blocked by muscle relaxants. The degree of neuromuscular blockade (NMB) is 
most commonly assessed by the “train-of-four” response; 4 out of 4 twitches are 
required to monitor EMG response.

8.5.4  Anesthesia Recommendations for Neuromonitoring 
during Spine Surgery

Premedication. Routine premedication with benzodiazepines (e.g., midazolam) 
and/or opioids.

Induction of anesthesia. Induction is routine unless the patient has special 
considerations, like significant cardiopulmonary illness, airway concerns, aspi-
ration risks, or other medical conditions. The use of a NMB agent to facilitate 
endotracheal intubation depends on the type of neuromonitoring used. The 
depolarizing muscle relaxant succinylcholine can be used, if rapid recovery of 
neuromuscular transmission is desired (i.e., if MEP and EMG are monitored). 
Non-depolarizing muscle relaxants, such as rocuronium or vecuronium, can be 
used if only SSEPs are monitored or there will be a significant length of time 
before evoked potential monitoring is initiated. If necessary, neuromuscular 
blockade can be reversed with sugammadex or neostigmine prior to MEP 
recording.

Maintenance of anesthesia. Maintaining a stable anesthetic depth is vital for 
adequate neurophysiological monitoring, irrespective of the particular anesthesia 
agent employed. In most cases, general anesthesia can be best maintained with a 
TIVA, consisting of a propofol infusion and an opioid infusion. Many institutions 
routinely use EEG-based hypnotic depth monitoring to titrate an adequate dose of 
intravenous anesthetic.

The dose of propofol used in the infusion typically ranges between 100 and 150 
mcg/kg/min. An opioid infusion will provide analgesia and decrease the dose of 
hypnotic required. A variety of intravenous opioids infusions can be used, for exam-
ple sufentanil (0.2–1 μg/kg/h), remifentanil (0.05–0.5 μg/kg/min), fentanyl (0.5–10 
μg/kg/h), or alfentanil (0.5–1.5 μg/kg/min).

If volatile anesthetics are to be used, it is recommended to avoid nitrous oxide 
and restrict the use of volatile agents to 0.5 MAC or below for both SSEP and MEP 

8 Neuro-Anesthesiology Considerations in Spinal Cord Tumors



138

monitoring. A lower-dose propofol infusion (e.g., 50–100 mcg/kg/min) can be used 
to supplement additional anesthesia.

Adjuvant anesthetic agents, such as ketamine and etomidate in low dose infu-
sion, can be added to improve quality of MEP and SSEP. Dexmedetomidine (≤0.6 
μg/kg/h), lidocaine (1–1.5 mg/kg/h), and ketamine infusion (0.5–1 mg/kg/h) can be 
added to supplement TIVA or inhaled agents. These adjuvants allow lower doses of 
propofol and opioid infusions, and also decrease the MAC requirement of volatile 
agents. NMB agents are avoided for maintenance when MEP and EMG are moni-
tored, but there is no restriction to use when only SSEP is monitored.

A soft bite block should be placed to prevent tongue, lips and oropharyngeal 
injuries which may result during MEP stimulation.

8.6  Blood Conservation

Blood loss during spinal surgery may be considerable due to disruption of rich 
venous networks and the increased abdominal pressure that results from prone posi-
tioning. Moreover, surgery for tumors is associated with increased blood loss due to 
the vascularity of the tumor. Patients who then require allogeneic blood transfusion 
are at risk for a large number of complications, including coagulation dysfunction, 
electrolyte abnormalities, transfusion reactions, transfusion-related acute lung 
injury, transfusion-associated circulatory overload, immune suppression, cancer 
recurrence, and serious viral or bacterial infections. Blood transfusion is also incred-
ibly expensive [47]. Therefore, consideration of strategies to decrease blood loss 
and the need for allogeneic blood transfusion is critical to the perioperative manage-
ment of these patients. Importantly, many of these strategies are compatible with 
patients, such a Jehovah’s Witnesses, who have a religious objection to the use of 
blood products. A careful discussion regarding those patient’s wishes should occur 
well prior to surgery.

8.6.1  Preoperative Optimization

Anemia is defined by the World Health Organization (WHO) definition as Hb < 12 g/
dL for females and Hb < 13 g/dL for males. Preoperative anemia is common in 
surgical patients and is associated with increased rates of blood transfusion and 
increased perioperative morbidity after surgery. However, with advanced screening 
and diagnosis, effective treatment of preoperative anemia is available with oral or 
intravenous therapies. Most commonly, these treatments include iron, folic acid, 
and/or vitamin B12 supplementation and erythropoiesis stimulation agents like epo-
etin alfa. These preoperative interventions are very cost effective, and many institu-
tions have created preoperative anemia clinics to facilitate the coordination of care 
for these patients [48].
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8.6.2  Stored Autologous Transfusion

Autologous blood transfusion is defined as the collection and reinfusion of the 
patient’s own red blood cells. Prior to surgery patients can donate their own whole 
blood that is then stored for reinfusion intra- or postoperatively. In some studies of 
spine surgery, the use of previously donated blood reduced allogeneic transfusion 
by 50–75% [49], but those benefits are not universally seen [50].

Using the patient’s own blood avoids some (but not all) of the risks inherent in 
allogeneic blood transfusion. Unfortunately, this process is costly and requires mul-
tiple visits for preoperative phlebotomy. It may also not be feasible for patients with 
pre-existing anemia or cardiovascular disease. Since the blood is stored in disconti-
nuity from the body, this type of transfusion is not usually compatible with the 
wishes of patients who have religious objections to the use of blood products. 
Unused blood is wasted.

8.6.3  Intraoperative Normovolemic Hemodilution

Acute normovolemic hemodilution is a procedure that entails removing whole 
blood immediately prior to incision while maintaining normovolemia via simulta-
neous infusion of crystalloid or colloid. The volume to be removed can be calcu-
lated from the formula for allowable blood loss: the patients estimated blood volume 
multiplied by the difference between initial hemoglobin and target hemoglobin, 
divided by the mean hemoglobin. Estimated blood volume depends on many fac-
tors, including sex, weight, and height. Starting hemoglobin will vary patient-to- 
patient. Even with a conservative target hemoglobin of 10 g/dL, up to a liter or more 
of whole blood can be removed and stored in anticoagulant-containing blood stor-
age bags. This volume is replaced with crystalloid (3 ml for every 1 ml of blood 
removed) or colloid (1 ml for every 1 ml of blood removed). The result is normo-
volemia with a lower hemoglobin. This has the advantage of subsequent blood loss 
being that blood which is already diluted. At the same time, clotting factors and 
platelets are also proportionally reduced, which may impair hemostasis. The 
removed blood can be reinfused when the procedure is complete, or when a mini-
mum hemoglobin value has been reached. If care is taken to maintain continuity of 
the circuits and storage bags at all times, this technique may be compatible with 
patient who have a religious objection to the use of blood products.

8.6.4  Positioning

There are several venous plexuses associated with the vertebrae that typically con-
tain blood at low pressure. These veins are connected to veins in the chest, 
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abdomen, and pelvis. Good patient positioning can minimize the amount of blood 
lost during surgery by avoiding engorgement of these veins. Positioning devices, 
such as chest rolls, Relton-Hall frame, or Wilson frame, can help minimize intra-
abdominal pressure and reduce compression of the inferior vena cava [14]. Reducing 
intraabdominal pressure is associated with significantly reduced blood loss during 
surgery [51].

8.6.5  Hypotensive Anesthesia

Allowing for a lower blood pressure, or actively lowering blood pressure with anti-
hypertensive agents, has long been used to decrease blood loss during spinal sur-
gery. However, care must be taken to avoid risks associated with low blood pressure. 
Large retrospective studies have suggested that intraoperative time spent with blood 
pressures below normal is associated with increased risk of acute kidney injury, 
myocardial injury, and stroke, but the definition of intraoperative hypotension and 
its effect on postoperative outcome remains controversial [52].

8.6.6  Antifibrinolytic Agents

Fibrin is a protein that forms the framework of blood clots. Fibrinolytics are natu-
rally occurring proteolytic enzymes that break down cross-linked fibrin clots. 
Antifibrinolytics are medications that inhibit plasmin, trypsin, and related proteo-
lytic enzymes or inhibit the formation of such enzymes (e.g., inhibit the activation 
of plasminogen to plasmin). The most studied of these medications are aprotinin, 
tranexamic acid, and aminocaproic acid.

Aprotinin is a polypeptide derived from bovine lung that acts as potent inhibitor 
of trypsin, plasmin, and kallikrein. Aprotinin has been proven to reduce intraopera-
tive blood loss during a variety of major blood loss surgeries but fell out of favor 
following the publication of the Blood conservation using Antifibrinolytics 
Randomized Trial (BART) in 2008 [53]. In this study of cardiac surgery patients, 
aprotinin was associated with a strong and consistent negative mortality trend. In 
2010, a panel of experts “unanimously recommended against its use in spine sur-
gery on the basis of the reports of increased complications” [54].

Tranexamic acid (TXA) is a lysine analogue that competitively inhibits the acti-
vation of plasminogen to plasmin. It has been associated with a significant decrease 
in blood loss and transfusion when used during spine surgery [55]. Typical dosing 
involves a bolus (10 mg/kg or 1–10 g) followed by an infusion (0.1–2 g/h or 1–5 mg/
kg/h). Renal insufficiency is a relative contraindication to the use of TXA; urinary 
excretion is the main route of elimination and there are case reports of ureteric clots 
and acute renal failure from cortical necrosis. In cardiac patients, TXA is also an 
independent risk factor for postoperative seizures [56], and so many anesthesiolo-
gists will avoid the use of TXA in any patient thought to be at increased risk of 
postoperative seizures.
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Aminocaproic acid is another derivative and analogue of the amino acid lysine, 
and has also been associated with less blood loss and less transfusion during spine 
surgery [57]. For aminocaproic acid, typical dosing involves a loading dose of 
50 mg/kg followed by an infusion of 25 mg/kg/h.

8.6.7  Intraoperative Cell Salvage

Blood that is lost during surgery can be recycled and given back to the patient. This 
requires commercially-available equipment that connects the suction in the surgical 
field to a collection device that contains anticoagulant and filters out blood clots, 
bone, and other debris. The collected blood is then centrifuged and resuspended into 
bags that are compatible with regular blood administration sets. There is no limit to 
the amount of blood that can be recycled in this manner, but it is important to note 
that many coagulation factors and platelets are consumed at the surgical site or dur-
ing suctioning from the wound, and so these factors may need to still be replaced 
with allogeneic frozen plasma and platelets. Blood salvage is rarely used for tumor 
surgery out of concern that malignant cells could be collected and then disseminated 
throughout the body. However, arguments have been made that with appropriate 
treatment of the salvaged blood (e.g., leukoreduction), the benefits of cell salvage 
may outweigh the risks, especially since allogeneic blood transfusion is also associ-
ated with an increase in the rate of cancer recurrence after tumor surgery [58].

8.7  Pain Management

Patients undergoing surgery for spinal cord tumors often struggle with severe post-
operative pain. In a large retrospective study looking at 179 different types of sur-
gery, three of the six most painful surgeries (as assessed on postoperative day 1) 
were major spinal procedures [59]. These patients typically have large incisions that 
may cross multiple dermatomes. Cancer patients in particular may also suffer from 
pre-existing chronic pain and often have developed a tolerance to opioids. Therefore, 
preemptive multimodal (“balanced”) analgesia is critical to prevent the establish-
ment of central sensitization and minimize difficult-to-treat postoperative pain. 
However, even with appropriate intraoperative management, severe postoperative 
pain remains a problem.

Multimodal analgesia begins preoperatively. Oral medications, such as acet-
aminophen, gabapentin, and pregabalin may reduce postoperative pain scores and 
opioid requirements [60–62]. These preoperative medications should be adminis-
tered with only small sips of water to minimize gastric contents prior to induction.

Intraoperatively, parenteral opioids can be combined with a wide variety of 
adjuncts. The particular opioid selected (e.g., fentanyl, hydromorphone, morphine, 
alfentanil, or sufentanil) may not be critical as all work primarily at the same opioid 
receptors. One exception—methadone—is a combined opiate receptor agonist and 
NMDA antagonist, and that may make it superior to a pure opioid in spine surgery 
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[63]. Remifentanil is excellent at controlling intraoperative responses to pain, but 
higher doses may be associated with hyperalgesia postoperatively [64]. Ketamine is 
an NMDA antagonist, weak agonist of opioid receptors, and inhibits reuptake of neu-
rotransmitters like serotonin, dopamine, and norepinephrine. When used in spine sur-
gery, it reduces perioperative opioid consumption and may also reduce chronic pain 
weeks later [65]. Ketamine at analgesic doses also improves the quality of neuromoni-
toring by increasing the amplitude of evoked potentials. If not given preoperatively, 
acetaminophen can also be given intravenously. Local anesthetics can be administered 
epidurally or as an intravenous infusion. Dexmedetomidine, an alpha-2 adrenergic 
receptor agonist, will provide analgesia as well as sedation. Magnesium, while associ-
ated with more side effects, has shown promise in spine surgery [66, 67]. NSAID 
medications remain controversial in spine surgery due to concerns about bone 
healing.

Postoperatively, it is useful to resume all analgesics the patient was receiving 
preoperatively. Additional therapy will certainly be required. Typically, this is 
accomplished with intravenous opioid patient controlled analgesia, although as 
many adjuncts as possible should be continued.

8.8  Conclusion

Anesthetic management for patients undergoing surgery for spinal cord tumor is 
very complex and requires a multidisciplinary approach with involvement of anes-
thesiologists, neurosurgeons, and neurophysiological monitoring team. Complete 
understanding of tumor type, location, and its mass effects is required. 
Comprehensive preoperative assessment should be done since many patients with 
spinal tumors may be metastatic in nature. Complete evaluation and understanding 
of chronic pain will guide in optimal management of perioperative pain. The 
planned surgical procedure including extent of surgery, intraoperative neurophysi-
ological monitoring, anticipated blood loss, intraoperative blood salvage, and peri-
operative pain management should be discussed in detail to achieve the best 
possible outcome.
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9Spinal Meningiomas

Roberto Delfini, Benedetta Fazzolari, and Davide Colistra

9.1  Epidemiology

Meningiomas and nerve sheath tumors occur with about the same frequency in the 
adult spine [1]. Spinal meningiomas account for less than 25% of all primary spinal 
tumors and about 25% of all intradural spinal tumors [2–5]. They are far less frequent 
than intracranial meningiomas, accounting for only 1.2–12.7% of all meningiomas 
[6–8]. These data are confirmed by a recent epidemiological study of 1709 spinal 
meningiomas reported in the large prospective Surveillance, Epidemiology, and End 
Results database, which represented 30.7% of all primary intradural spinal tumors and 
7.9% of all meningiomas [9]. This proportion increases in patients with type 2 
Neurofibromatosis (NF2). For patients with NF2, approximately 10% of meningio-
mas requiring resection are located in the spine [10, 11]. Mautner et al. found spinal 
meningiomas in one-third of patients with NF2 [12]. In the general population, most 
meningiomas are discovered in patients aged between 60 and 80 years [6, 8, 13–17]. 
However, as expected, spinal meningiomas may present earlier in patients with NF2.

Spinal meningiomas affect women in 75–85% of cases [18] with a female-to- 
male ratio of 4:1 [6, 14] compared with a 2:1 ratio for intracranial meningiomas [19]. 
In the case of intracranial meningiomas, this discrepancy in the incidence between 
the sexes has been attributed to hormonal effects in women [20, 21] based on the 
strength of evidence of progesterone and estrogen receptors frequently observed at 
histological examination [22, 23], as well as reports of an association between 
meningioma and breast cancer [23] or tumor growth and pregnancy [22]. Moreover, 
as noted by Schaller [24], this female predisposition is not observed in children; in 
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fact, there is a slight male preponderance before puberty. The location of spinal 
meningiomas is also different depending on sex [25] and occur with the highest fre-
quency (80%) in the posterior, posterolateral, or lateral thoracic region (Fig. 9.1a,b, 
and Fig. 9.2a,b), followed by the anterior cervical region (15%) and infrequently in 
the lumbosacral region (5%) in women [14, 26]. For men, 50% of spinal meningio-
mas are found in the thoracic region and 40% in the cervical region [27].

Furthermore, differences have been found between ethnic groups with spinal menin-
gioma/intradural nerve sheath tumors having an equal one-to-one ratio (1:1) in Western 
populations but not in Asian populations, which had a one-to-four ratio (1:4) [28].

In addition to increasing age, the most consistent factor associated with the risk 
of meningioma is exposure to ionizing radiation with a latency period that can be 
long (19–35 years) [29–31].

9.2  Pathology

Meningeal tumors are referred to as meningiomas, which is the term proposed 
originally by Cushing. Cushing and Eisenhardt described the removal of a spinal 
meningioma as “one of the most gratifying of all operative procedures” [32] about 

a

b

Fig. 9.1 Thoracic spinal meningioma. (a) Preoperative MRI T1-weighted post-contrast left sagit-
tal and right axial images showing a spinal meningioma with left anterolateral attachment between 
the third and fourth thoracic vertebra. (b) Postoperative T1-weighted post-contrast left sagittal and 
right axial MRI of thoracic spinal meningioma showing total tumor resection
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50 years after Horsley first removed a meningioma compressing the spinal cord in 
1888 [33, 34].

Spinal meningiomas arise from arachnoid cap cells within the dura mater [35]. 
They are typically solitary and slow-growing with a lateral expansion into the sub-
arachnoid space [17], well-circumscribed, and non-invasive into normal tissue [26, 
27, 36]—they do not generally seed other parts of the central nervous system or 
body regions [36]. Multiple spinal meningiomas have been associated with NF2 
[37]. Meningiomas may exert considerable compressive forces on the spinal cord 
[38]. Unlike intracranial meningiomas, spinal meningiomas do not penetrate the pia 
with the exception of en plaque or infiltrating meningiomas, which have a more 
extensive tumor matrix and infiltrate the surrounding structures [16, 39]. 
Hydrosyringomyelia can occur in rare cases of intramedullary meningioma [40]. 
Spinal meningiomas are entirely intradural, but about 10% may be both intradural 
and extradural, or purely extradural [41]. Because of the different criteria applied in 
published studies for describing the relationship of the tumor to the spinal cord, the 
distribution of the site of tumor origin appears to be heterogeneous [6, 8, 13–17, 42]. 
The tumor rarely completely encases the spinal cord [43, 44].

Spinal meningiomas can appear macroscopically smooth and fibrous or varie-
gated, fleshy, and friable. Histologically, the majority of spinal meningiomas are 
Grade I (benign biotype) according to the World Health Organization (WHO). This 
category comprises—in order of frequency—the psammomatous, meningothelial, 

a b

Fig. 9.2 Thoracic spinal meningioma. (a) Preoperative T1-weighted post-contrast sagittal MRI 
showing a bilobular thoracic spinal meningioma. (b) Postoperative T1-weighted post-contrast sag-
ittal MRI of thoracic spinal meningioma showing total tumor resection

9 Spinal Meningiomas



150

transitional, and fibroblastic subtypes [13, 17, 26, 45]. The rare histological variants 
of WHO Grade II (clear cell and chordoid) and III (anaplastic) show a high risk of 
local recurrence and an aggressive biological behavior [46]. Calcified cases are 
uncommon and account for only 1–5% of all spinal meningiomas in the literature 
[47]. Calcified lesions are more likely to adhere to nerves and surrounding tissue, 
especially the dura, and can be classified according to their microsurgical appear-
ance as microcalcified (non-visible calcifications), macrocalcified (visible calcifica-
tions), and ossified (totally calcified) [48]. The presence of hematopoietic elements 
within the tumor is very rare with only four case reports of this occurrence 
[49–52].

Several receptor types may play a role in pathogenesis, primarily progesterone 
and estrogen receptors [22, 23], but also peptidergic, growth factor, and aminergic 
receptors [46].

From a genetic point of view, spinal meningiomas and intracranial meningiomas 
have been historically treated similarly, but recent genetic information may change 
this paradigm. Sayagues et al. described a higher predominance of single tumor cell 
clones (monosomy 22) in spinal meningiomas whereas intracranial varieties exhibit 
more heterogeneous chromosomal aberrations associated with the presence of mul-
tiple tumor clones [45]. Other studies have demonstrated complete or partial loss of 
chromosome 22 in more than 50% of patients with spinal meningiomas [53, 54].

9.3  Clinical Features

A delay in the diagnosis of the spinal meningiomas is frequent; the mean time 
between the onset of symptoms and surgical treatment is 1–2 years [6, 15–17]. The 
heterogeneous clinical presentation of these tumors before appropriate imaging 
investigations are performed might explain the delay. Focal pain is the most com-
mon presentation of spinal meningioma [26, 27, 55], and typically precedes pro-
gressive segmental sensory or motor root deficits, both of which suggest cord 
compression. Chronic compressive myelopathy mechanically damages neural tis-
sue and its vascular supply, which leads to ischemia [38]—corticospinal tract com-
promise is the earliest manifestation of compression. Physical examination may 
reveal decreased segmental deep tendon reflex and asymmetric muscle tone at later 
stages. Due to the apparent resistance of anterior horn cell columns to external com-
pression stressors, lower motor neuron findings are a late observation [2]. In relation 
to their location, high cervical lesions may insidiously present as an occipital head-
ache [26] and Brown-Sequard syndrome [18], whereas thoracic neoplasms typically 
present with visceral pathology [26]. Bowel and bladder dysfunction may also 
occur but less frequently. Before the era of magnetic resonance imaging (MRI), dif-
ferential diagnosis included multiple sclerosis, syringomyelia, and pseudo-tumoral 
herniated discs with a significant misdiagnosis rate as high as 33%, according to 
Levy et al. [6].
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9.4  Neuroimaging

Nowadays, MRI is the diagnostic tool of choice for spinal meningiomas [25]. In 
their study spanning before and after the advent of MRI, Klekamp et al. showed that 
MRI allowed a 6-month gain in diagnosis [16]. MRI defines tumor extension and 
tumor limits with surrounding neural structures, and is of paramount importance for 
preoperative evaluation, surgical mapping, confirmation of resection adequacy, and 
follow-up for tumor reoccurrence [14, 18, 26, 56]. As highlighted by De Verdelhan 
et al. in their comparison between MRI features of spinal schwannomas and menin-
giomas, meningiomas mostly show moderate and homogeneous signal intensity on 
T2-weigthed images and moderate and homogeneous enhancement after gadopen-
tetic acid (Gd-DTPA) [57]. In the same study, they authors confirmed the impor-
tance of the well-known “dural tail” sign [58–60], and described the importance of 
coronal imaging for the identification of lateral tumors and sagittal images for ante-
rior or posterior tumors. A peritumoral hypointense rim is often present around 
meningiomas and corresponds to a well-formed peritumoral cerebrospinal fluid 
(CSF) space [61]. Calcifications, when present, may produce a dark signal on 
T2-weighted images [62].

When MRI is contraindicated, myelo-computed tomography (CT) may be useful 
for identifying intradural pathology [2, 18]. Additionally, calcifications within 
meningiomas may be better seen on CT scans [26, 63]. Preoperative spinal angiog-
raphy has been recommended by Roux et al. to locate precisely the anterior spinal 
arteries and detail tumoral vascularization, particularly as anteriorly located tumors 
corresponds to a greater surgical risk [17].

9.5  Surgical Treatment

Many classifications for spinal meningioma have been proposed to help guide the 
surgeon in choosing the best surgical approach and in understanding the relation-
ship between the tumor and critical anatomical structures. Spinal meningiomas have 
been classified on the basis of their location of attachment. Either the posterior, 
lateral, or—rarely—anterior surgical approaches are used to remove this benign 
tumor [64].

9.5.1  Posterior Approach

Position is prone with the arms forward. After careful preoperative planning, a mid-
line skin incision is performed extending two levels above and below the extent of 
the lesion. The paraspinal, intrinsic dorsal, and deep transversospinal muscles are 
separated subperiosteally on either side. Depending on tumor size, a monosegmen-
tal or multisegmental laminectomy is performed above and below the length of the 
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tumor. In the case of a lateral-sited meningioma, a hemilaminectomy wide-enough 
to allow safe removal can be performed. A partial facetectomy can be performed in 
order to increase the viewing angle. Pedicle removal is not performed in any case. 
The dura is opened along the midline and fixed to the sides. The dentate ligament 
section is usually required to facilitate spinal cord handling. Depending on tumor 
location (ie, ventral, lateral, or posterior to spinal cord), the spinal cord is usually 
displaced and/or rotated by the tumor. Tumor removal begins laterally where the 
tumor is attached to the dura, in order to minimize thermal injury to the spinal cord. 
The meningioma shrinks and is then debulked in order to widening surgical field. 
After tumor removal and careful hemostasis, the dura is coagulated in all cases and 
primarily closed “watertight”.

9.5.2  Pediculo–Transversectomy (Lateral Route)

The patient is positioned prone with the arms forward. After careful preoperative 
planning, a midline skin incision is performed extending two levels above and 
below the length of the lesion. Midline and paravertebral soft-tissue dissection is 
then carried out to expose the spinous process, lamina, and facet joints. The paraspi-
nous muscles are further dissected free and reflected laterally to expose the medial 
transverse process and facet joint. A high-speed drill is then used for posterior lami-
nectomy and unilateral superior/inferior medial facetectomy and pediculotomy, 
without removing the ribs or transverse processes. Durotomy is performed laterally 
to the lesions. The range of drilling of the medial facet and the number of pedicles 
drilled is determined by lesion location. The pedicle is removed in all cases to pro-
tect the spinal cord—the rotation of the spinal cord is performed with guidance from 
neurophysiological monitoring to prevent spinal cord injury. The dentate ligament 
is cut. After gentle rotation of the spinal cord and obtaining wide operative fields by 
using a transpedicular approach, tumor removal can be performed. An ultrasonic 
aspirator is used for internal decompression to prevent spinal cord injury. The tumor 
attachment is meticulously coagulated after tumor removal. No posterior fixation 
with spinal instrumentations is performed [65].

9.5.3  The T–Line

In 2016, Tachibana et al. proposed the T-line concept, which utilizes lines to decide 
the best surgical approach for anterior spinal meningiomas [66]. An axial-view MRI 
is needed to make the measurement. First, the tangent of the tumor and the spinal 
cord is marked on the image with a line (T-line 1), followed by marking the bisected 
line of the facet on the dominant side of the tumor (T-line 2) (Fig. 9.3a). Spinal 
meningioma cases can then be divided into 2 groups: the T-line (+) group and the 
T-line (−) group. In the T-line (+) group, the point of intersection between T-lines 1 
and 2 is located on the posterior side of the lamina. In these cases, there is enough 
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space to allow tumor excision using the posterior approach with laminectomy and 
one-half facetectomy (Fig. 9.3b). In the T-line (−) group, the point of intersection is 
located in the anterior side of the lamina. In these cases, there may not be enough 
space for the posterior approach and the tumor requires excision via the posterolat-
eral approach. When the tumor is located anteriorly to the spinal cord, the point of 
intersection of T-line 1 and 2 is located on the anterior side of the lamina, and these 
cases are classified as T-line (−) (Fig. 9.3c).

T-Line
1

T-Line
2

a

b

c

Fig. 9.3 Demonstration of the T-line concept. (a) The intersection of the tangent of the tumor and 
the spinal cord described as T-line 1 and the bisected line of the facet on the tumor dominant side 
as T-line 2. (b) T-line (+) showing the point of the intersection located on the posterior side of the 
lamina, which should be excised via the posterior approach. (c) T-line (−) showing the point of the 
intersection on the anterior side of the lamina, which should be excised via the posterolateral 
approach. (Originally published in Tachibana et al. (2016); reprinted with permission)
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9.5.4  Anterior Approach

Meningiomas located ventrally to the spinal cord in some circumstances should 
be approached by an anterior access. While the anterior approach to cervical spine 
is a standard procedure for a neurosurgeon, the anterior approach to the thoracic 
column represents a challenging option. Intradural extramedullary lesions arising 
in a purely ventral location (with severe spinal cord compression and significant 
bilateral ventral tumor extension, but without spinal cord rotation or lateral dis-
placement) can be difficult to perform a safe removal using either a posterior or 
posterolateral exposure. Heavily calcified or densely fibrotic lesions not amenable 
to internal decompression can also prove challenging. Until recently, ventral or 
ventrolateral approaches to intradural pathologies were used infrequently [67, 
68]. Mistrust of these approaches is due to a deep surgical field with problematic 
ventral epidural bleeding, limited lateral access, risk of CSF fistulas, and the usual 
requirement for spinal reconstruction and stabilization. Despite this, there are a 
few cases for which an anterior approach is required and consists of a vertebral 
corpectomy. The basic surgical technique requires the use of a high-speed drill to 
perform the decompressive corpectomy and the posterior longitudinal ligament 
should be excised. The decompression extends rostrally and caudally through the 
disc space and laterally to the uncinate processes. The width of the corpectomy 
usually ranges from 15 to 20 mm. After vertebral body removal, the longitudinal 
ligament and dura mater are opened and the meningioma is removed through 
microsurgical technique; finally, a fibular allograft is used to reconstruct the cor-
pectomy defect. An anterior segmental plate is secured using screws into the 
upper and lower cervical vertebral body.

9.5.5  Operative Technique

Regarding the surgical strategy for spinal meningioma, there is no consensus about 
whether Simpson grade I resection achieves better long-term clinical outcome than 
Simpson grade II resection. When feasible, Simpson grade I removal should be the 
aim in all cases of spinal meningioma because it may be advantageous for achieving 
better long-term recurrence-free survival. However, if the dural attachment is 
located ventrally or laterally, a safely repairable dural section takes priority over 
radical excision of the dural attachment, preventing iatrogenic refractory CSF leak-
age or neurological worsening during dural repair [69]. The tumor recurrence rate 
after complete resection (Simpson grades I and II resection) is 9.7% as reported by 
Nakamura [70], and the recurrence rate increased progressively with the length of 
follow-up after complete resection (Simpson grades I and II) with 0%, 3.2%, and 
8% for 5, 10, and 15-year follow-up, respectively. In this series, all the patients who 
developed recurrence had undergone Simpson grade II resection. The authors stated 
that the conclusion regarding the correlation between Simpson grade II resection 
and a low tumor-recurrence rate is open to question, based on studies with a postop-
erative follow-up of less than 10  years. Moreover, the tumor recurrence rate in 
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patients younger than 50 years at the time of the initial surgery was significantly 
higher than in those who were aged 50 years or older.

CSF leakage (and less frequently anterior cervical pseudomeningocele) can be a 
problem with anterior approaches for intradural pathology. In addition to meticu-
lous dural closure using a synthetic dural substitute, a spinal drain should also be 
placed for 3–5 days for continuous drainage (10 cc/h).

Internal debulking is not feasible for a hard tumor, which should be removed 
without suction or ultrasonic aspirator. Surgical removal should be performed to 
achieve early dissection and devascularization of the mass that might be “en bloc” 
prior to the removal. According to Alafaci et al. [71], the metaplastic pattern of ossi-
fied meningiomas determines fibrotic or calcific transformation of the arachnoid 
membrane, eliminating the arachnoid dissection plane. The absence of a safe dis-
secting plane between the tumor and pia mater needs a meticulous microsurgical 
dissection between the pia mater and the tumor surface to obtain “en bloc” tumor 
removal. The ultrasonic surgical aspirator should be used to accelerate tumor deb-
ulking while also keeping in mind that its use can result in neurovascular damage. 
In our experience, especially in the case of hard meningiomas, the use of the ultra-
sonic surgical aspirator for hard tissue facilitates the internal decompression reduc-
ing stretching maneuvers of neural tissue [48].

9.6  Complication Avoidance

The specific risks related to meningioma surgery are CSF leakage and neurological 
deficits, which are most frequently associated with cases of ossified meningiomas, 
anterior dural attachment, and tumors infiltrating the spinal cord. Ruggeri et al. [48] 
described a univariate analysis that showed a statistically significant relationship 
between improvement of neurological status and the degree of ossification of 
meningiomas. Specifically, they found a direct relationship with microcalcified 
meningiomas, and an inverse relationship with ossified meningiomas. No relation-
ship was observed between neurological status improvement and patient age, length 
of clinical history, or the site of the lesion within the vertebral canal. Moreover, 
calcified meningiomas can be more safely approached by laminectomy instead of a 
hemilaminectomy because it offers a wider operative field for better manipulation 
of neural tissue, especially in the thoracic spinal cord, which is more susceptible to 
damage than the cervical cord and lumbar spinal roots. Motor and somatosensory 
evoked potentials always provide guidance in all procedures, especially in spinal 
calcified meningiomas and anterior located ones, and the use of neurophysiological 
monitoring is strongly recommended.

The median mortality rate of surgical cases of spinal meningiomas is 1% 
(range, 0–4%). Postoperatively, median non-neurological and neurological 
 morbidity rates are 4% (range, 0–24%) and 6% (range, 0–21%) of patients, 
respectively [71]. Since meningiomas arise from the dura that covers the spinal 
cord tissue, safe dissection allows separation of the tumor and complete resection 
in 82–98% of patients [17].
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9.7  Conclusion

Cushing and Eisenhardt defined the removal of a spinal meningioma as “one of the 
most gratifying of all operative procedures.” In the last few decades, a better under-
standing of the relationship between patient status and the outcome of the tumoral 
pathology, location and ossification, improvements in neurophysiological monitor-
ing and neuro-anesthesia, as well as the development of innovative variations to the 
traditional approaches to spinal cord tumors have significantly improved the surgi-
cal management of spinal cord meningiomas.
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10.1  Introduction

Spinal schwannomas are the most common nerve sheath tumors of the spine [1]. 
They are slow-growing benign tumors, typically encapsulated, and composed 
entirely of well-differentiated Schwann cells. In the vast majority of cases, schwan-
nomas are solitary and sporadic, while multiple schwannomas are associated with 
neurofibromatosis type 2 (NF2) and schwannomatosis [2]. The incidence of spinal 
schwannoma is around 0.3–0.4/100,000 each year either in solitary or syndromic 
form. Most of clinical and surgical series show similar data about spinal schwan-
noma epidemiology—males and females appear to be equally affected, and the 
onset can be between 25 and 60  years with a prevalence in the fourth and fifth 
decade even if it can occur at any age [3, 4]. However, in one of the largest series 
reported by Hirano and colleagues and including 678 spinal tumors [5], there is a 
slight prevalence of male (1.3:1) and the onset is reported most frequently between 
50 and 59 years. Approximately 90% of cases are solitary and sporadic and 4% arise 
in the setting of NF2. Of the 5% of schwannomas that are multiple but not associ-
ated with NF2, some may be associated with schwannomatosis.

10.2  Etiology

Spinal schwannomas belong to the larger category of nerve sheath tumors along with 
neurofibromas. They are different in etiology, localization, and histology. Whereas 
schwannomas are encountered in patients with and without NF2, neurofibromas are 
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found in patients with NF1, an autosomic dominant disease linked to a genetic defect 
located on chromosome 17 [6]. NF2 is an autosomic dominant disease related to a 
genetic defect located on chromosome 22, which causes the loss of merlin protein 
(ie, the NF2 gene product). The phenotypic expression of NF2 gene changes among 
patients, resulting in variable clinical courses, while genotypic subtyping has shown 
no evidence of utility in terms of further prognostic information [7]. About 90% of 
patients with NF2 present spinal tumors in their life; among these patients, schwan-
nomas are the most common. Of course, vestibular schwannomas, ependymomas, 
astrocytomas, and meningiomas can be found in these patients [8]. For this reason, 
they should undergo magnetic resonance imaging (MRI) scans of the spine almost 
every year in order to detect the tumors at their earliest stages [9].

Multiple schwannomas, also called schwannomatosis, can occur in patients 
without NF, but these tumors do not currently have a known genetic base [2].

10.3  Histology

Histologically, we can distinguish conventional schwannomas and other variants, 
such as the cellular schwannoma—which shows similarities with malignant periph-
eral nerve sheath tumors—or melanotic schwannoma, containing cytoplasmic mel-
anin bodies. Less common variants are the psammomatous and plexiform 
schwannomas.

Conventional schwannoma is composed entirely of neoplastic Schwann cells 
other than inflammatory cells, which may be focally numerous. There can be two 
basic architectural patterns found in varying proportions:

• Antoni A Pattern: Hypercellular, composed of compact areas with interwoven 
bundles of long, spindly, and elongated Schwann cells with occasional palisad-
ing nuclei and Verocay bodies. This pattern is prevalent in NF2 patients.

• Antoni B Pattern: Less cellular, composed of stellate-shaped cells, dispersed in 
a loose eosinophilic matrix with variable lipidization [10, 11].

The vascularization of schwannomas is typically composed of thick-walled ves-
sels, alternating with dilated vessels surrounded by small hemorrhages.

Regarding the immunohistochemistry profile, a typically diffuse S100 and col-
lagen IV positivity is present, associated with an extensive SOX10 expression and a 
low Ki-67 proliferation index in the enlarged atypical cells. Malignant transforma-
tion is absolutely rare in conventional schwannomas, while it is more common in 
melanotic ones [2].

10.4  Macroscopic Aspect and Localization

Spinal schwannomas appear as smooth, globoid, well-defined, and encapsulated 
masses [1]. They do not enlarge the nerve but are suspended eccentrically from it 
and are separated from other rootlets. Most are entirely intradural, but 8–32% may 
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be completely extradural, 1–19% may be intra-extradural, and less than 1% are 
intramedullary. These rare cases are thought to arise from the perivascular nerve 
sheaths that accompany penetrating spinal cord vessels [12, 13].

In 6–23% of cases, spinal schwannomas may assume a characteristic dumbbell 
configuration extending through the dural root sleeve—they develop into an “hour-
glass” shape caused by the anatomic barrier encountered during growth, resulting in 
both intradural and extradural components. Most have a contiguous intraspinal, 
foraminal (usually narrower), and extraforaminal components. The widening of the 
neural foramen is a characteristic finding and mostly indicates the benignity of the 
lesion [14].

Spinal schwannomas arise in most cases from the dorsal rootlets as they develop 
from Schwann cells of a sensory nerve root [1]. These lesions can occur in any spi-
nal region, but it seems they are more common in the lumbar and cervical tract. The 
reason for this feature could probably be explained by the anatomical characteristics 
of lumbar nerve roots, which run long distances from the conus to the foramina. On 
the contrary, transdural growth resulting in a dumbbell shape is common in the cer-
vical tract because the intradural root segment is short. Rarely, schwannomas can be 
found strictly adherent or directly originating from the conus medullaris [12, 15, 
16]. Asazuma and colleagues have developed a radiological-based classification 
specifically for dumbbell tumors in which they are distinguished on the basis of 
anatomic relationships with surrounding structures [14].

10.5  Clinical Presentation

Clinical presentation depends on tumor location and its anatomical relationship 
with the spinal cord and nerve roots. According to their benign nature, schwanno-
mas can grow for a long time before resulting in any symptoms due to mass effect. 
Thus, they can be an occasional finding in 2–20% of cases with a consistent vari-
ability among different surgical series [11, 17]. The most frequent onset symptom is 
pain, particularly for sporadic schwannomas as reported in most series. Sensory 
deficits can also appear, like paresthesias. Less common symptoms are motor deficit 
or impairment of sphincter function. On the other hand, NF2 patients are more 
likely to develop neurological deficits than patients without NF2. For this reason in 
NF2 schwannomas, gait ataxia and other motor deficits resulted as the first symp-
toms followed by pain [12, 15, 16, 18, 19].

10.6  Surgical Treatment

Surgery is the gold standard treatment for symptomatic or growing spinal schwan-
nomas. The goal is symptom relief and the prevention of recurrence. Recurrence is 
rare after total excision, except in neurofibromatosis, and can be achieved in most 
cases in total security [3, 13]. If this is not possible, due to the strict involvement 
of functional nerve roots, the fibrous capsule or a portion of the tumor itself can be 
left in order to preserve neurological function [1, 11]. The role of the fibrous 
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capsule in recurrences is uncertain, while subtotal resection predisposes the tumor 
to regrowth. Subtotal resection may be sufficient for a durable relief from symp-
toms, considering the benignity and the slow growth of schwannomas. However, 
sometimes section of the entire nerve root is required and may be performed with-
out any postoperative deficit because the fascicles involved are nonfunctional in 
most cases, and their function is compensated by adjacent roots [12]. In case of 
C1–C2 schwannomas, more caution is needed for possible involvement of the ver-
tebral arteries [20].

Radiosurgery is a possible alternative in selected cases, such as recurrences, 
incomplete resections or comorbidities that contraindicate surgical treatment [21].

Multiple surgical routes have been described:

• Posterior Approaches: The classical laminotomy (or laminectomy) is still the 
most used approach, except in case of dumbbell tumors with massive extradural 
components. A more invasive surgical approach may be needed for these tumors. 
So, if the tumor is located inside the spinal canal, a complete laminotomy span-
ning the length of the tumor has to be performed, including a half level exposure 
above and below the tumor level with partial facetectomy, if needed. 
Hemilaminectomy and interlaminar approach are options that can reduce postop-
erative pain and preserve spinal stability [22]. The dura has to be opened with a 
sharp incision in the midline in order to expose the spinal cord and schwannoma. 
If a portion of the lesion extends in the foramen, a horizontal incision following 
the root sleeve can be performed to obtain complete removal. Ventral tumors may 
need section of the dentate ligament to achieve a good visualization. Lumbar 
tumors can be covered by the cauda equina or conus medullaris; in these cases, 
nerve roots must be separated in order to get a better visualization [23]. When the 
tumor is exposed, it has to be dissected from the adherent anatomical structures, 
individuating the correct dissection plane. Usually, the arachnoid is strictly 
adherent to the tumor capsule. Once a safe entry zone is individuated, the tumor 
capsule is cauterized with bipolar forceps in order to lower the vascularity and 
shrink tumor size. If the nerve roots are suspected to be inglobated or strictly 
adherent to the tumor capsule, a nerve stimulator may be used in order to identify 
and spare functional motor roots. After the incision of the capsule, an ultrasonic 
aspirator may be used to internally debulk the tumor.

• Anterior and Combined Anterior/Posterior Approaches: The specific kind of 
approach is influenced by the surgeon’s experience, and by the size and location 
of the paraspinal tumor component [24, 25]. Asazuma et al. recommended these 
approaches for dumbbell lesions in which the extraforaminal extension is mas-
sive, since the other types of dumbbell lesions can be managed through the clas-
sic posterior approach [14]. Furthermore, in rare cases dumbbell tumors infiltrate 
surrounding structures and cannot be encapsulated. Thus, this kind of approach 
is considerably associated with higher incidence of motor deficit, as it often 
necessitates resection of both nerve roots [26].
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10.7  Personal Experience

Of our experience, including over 1400 cases of nerve sheath tumors, we analyzed 
our 40 most-recent cases of spinal schwannomas.

The average patient’s age was 45 years (range, 10–80 years) with a sex distribu-
tion of 18 females and 22 males. The main clinical symptoms at admission were 
pain (65%), motor weakness (45%), and sensibility disturbances (27.5%). The dis-
tribution along the spine showed a predominance of the lumbar localization (42.5%), 
followed by the thoracic (32.5%) and cervical tract (25%). Regarding the extension 
of the lesion, the treated cases were harboring 62.5% intradural, 20% intra- 
extradural, and 17.5% paraspinal tumors [17]. In 10% of the cases, we dealt with 
giant schwannomas.

We treated spinal schwannomas in five cases affected by NF2. In 90% of the 
patients affected by NF2, spinal tumors can be found, and schwannomas are the 
most common. In such patients, the indication for surgical removal of the lesion 
should be evaluated very carefully. In fact, during routinely performed MRI controls 
of the spine, multiple tumors are detected; this should not imply an indication for 
surgery. These tumors can remain clinically silent for years and only one-third of 
them have been seen to cause symptoms.

For such reasons, indication for surgery should be given for lesions causing 
neurological signs and/or showing significant growth. Of the five treated cases 
affected by NF2, four underwent total removal while in one case there was a partial 
resection. These results show a more conservative strategy in such cases compared 
with non-syndromic schwannoma cases. In NF2 subjects, any nerve root can be 
affected at any time despite the radicality of the surgery Thus, it is mandatory to 
preserve functioning and not expose the patients to any risk of postoperative 
deficit.

In the non-syndromic cases, a total resection was obtained in 34 of the 35 cases. 
Subtotal removal was performed in one recurrent case due to the presence of tumor 
infiltration of the root that had evidence of motor function.

Regarding the postoperative outcome, we could achieve a resolution of the pre-
operative pain symptomatology in 85% and improvement in 15% of the patients at 
the first postoperative follow-up. There was a resolution of the preoperative weak-
ness 66% and improvement in 22% of the cases, while the deficit remained stable in 
two patients affected by NF2.

We used different surgical approaches in relation to the extension of the lesion 
(Figs. 10.1, 10.2 and 10.3). The majority of the cases where treated with posterior 
approaches: 50% laminotomy, 25% hemilaminectomy, and 15% interlaminar 
approach. In the remaining 10% of the cases with an extended extradural portion, 
more complex approaches (anterior and lateral) were used. Regarding the postop-
erative complications, we had cerebrospinal fluid leak in two patients: it was solved 
with lumbar drainage in one case and required revision in the second case. Transient 
postoperative neurological deficits were present in 12.5% of the cases.
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a b c

Fig. 10.1 (a) Coronal non-contrast T1-weighted MRI image showing a case of large intra/extra-
dural schwannoma C2 on the left side in a 68-year-old patient with a 6-month history of pain and 
progressive tetraparesis. (b) Intraoperative image of the same case displaying the exposed schwan-
noma, which was removed via a C1 hemilaminectomy in a semi-sitting position. (c) Axial com-
puted tomography scan performed on the first postoperative day demonstrating the left 
hemilaminectomy of the atlas and total removal of the lesion

a b

dc

Fig. 10.2 (a) Sagittal T2-weighted MRI image of a 23-year-old patient harboring an intradural 
schwannoma at the C7–T1 level with intratumoral bleeding. The patient presented high grade para-
paresis. (b) Intraoperative image of the patient showing the removal of the lesion via C7–T1 lami-
notomy. (c) Surgical site after tumor resection. (d) Postoperative axial T1-weighted post-contrast 
MRI image showing the complete removal of the schwannoma
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11Management of Intradural 
and Extradural Spinal Schwannomas

Alvin Y. Chan, Andrew K. Chan, Catherine A. Miller, 
Line G. Jacques, and Praveen V. Mummaneni

11.1  Introduction

Spinal schwannomas (also called neurilemmomas or neurinomas) are typically 
benign round encapsulated neoplasms of Schwann cell progenitors in the spine. 
Schwannomas grow as appendages to the parent dorsal nerve root and contain neo-
plastic Schwann cells [1, 2]. Schwannomas form two patterns that are classified as 
Antoni A (ie, highly cellular regions with closely packed elongated nuclei) or Antoni 
B (ie, poorly cellular and loosely packed regions) [3]. Spinal schwannomas are 
frequently intradural-extramedullary or extradural [1, 4], although there are rare 
examples in the literature of intramedullary tumors [5–7]. They are the most com-
mon nerve sheath tumors, which comprise roughly one-fourth of primary spinal 
tumors, and usually present in the fourth through sixth decades of life [4, 8]. Ninety- 
five percent of Schwannoma cases are believed to be sporadic [9], although multiple 
tumors can imply a syndrome [10]. The incidence is reported to be 0.3–0.5 per 
100,000 individuals [11].

Schwannomas can also be categorized into variants, such as cellular, plexiform, 
or melanotic. Cellular schwannomas have higher cellularity and mitotic rates than 
other tumors, which may lead to more erosive localized damage without malignant 
potential [12]. Older data suggested that these tumors typically arise paravertebrally 
or from the pelvis [13]. Another form is described as plexiform, which are rarely 
found in the spine [14]. These tumors usually have Antoni A-type tissue, and are 
often dermal in younger patients [12]. Melanotic schwannomas are less common 
and pigmented with spindle and epithelioid cell morphology [12].
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Occasionally, patients will present with multiple schwannomas, which is typi-
cally syndromic (eg, neurofibromatosis type II [NF2] or schwannomatosis) [10]. 
NF2 and schwannomatosis can overlap in terms of phenotype or presentation but 
they are genetically and molecularly distinct [15]. NF2 is an autosomal dominant 
multiple neoplasia syndrome that is derived from a mutation to a tumor suppressor 
gene on chromosome 22 [16]. Patients develop tumors of the central nervous sys-
tem, including bilateral vestibular schwannomas, as well as ophthalmic and cutane-
ous lesions [16]. Approximately two-thirds of NF2 patients have spinal tumors, 
which tend to be more aggressive than other forms of schwannoma [17, 18]. 
Conversely, schwannomatosis is described as a third form of neurofibromatosis and 
is defined by the development of multiple schwannomas without vestibular nerve 
involvement [19, 20]. It can be a sporadic entity, but it can also involve a familial 
genetic component, such as a mutation on the INI1/SMARCB1 tumor suppressor 
gene [21].

We review the current management recommendations for treating patients with 
intradural or extradural spinal schwannomas with the aim to compile a resource of 
current evidence for these common tumors. Surgical approaches and strategies for 
intradural and extradural tumors are discussed, as well as other considerations 
related to management. Surgical pearls are also provided to help avoid common 
pitfalls.

11.2  Work–Up & Presentation

Diagnosing spinal schwannomas starts with taking a thorough history, conducting a 
thorough neurological exam, and electromyogram and nerve conduction velocity 
test data, if necessary. Furthermore, a neurogram can provide additional anatomical 
details on the relationship of the tumor, nerve root, and potentially the dura. The 
most common preoperative symptom for spinal schwannomas is localized pain with 
or without radiation [1, 11, 22, 23]. Other less frequent symptoms include sensory 
deficits in a dermatomal distribution, bowel or bladder incontinence, motor weak-
ness, gait disturbances, or muscle atrophy [22]. Rarely, patients have presented with 
elevated intracranial pressure and associated bilateral papilledema [24].

Schwannomas are often asymptomatic and found incidentally on imaging. Their 
presentation can be diverse and unusual, but they typically have characteristic fea-
tures. Schwannomas tend to be hyperintense on T2-weighted imaging and range 
from hypointense to isointense on T1-weighted imaging [2, 25]. The tumors often 
have heterogeneous enhancement. A study of 92 patients with schwannomas found 
that 55.4% of tumors showed fluid signal intensity on T2-weighted magnetic reso-
nance imaging (MRI) and 58.7% showed rim enhancement on contrast T1-weighted 
imaging [26]. Imaging on computer topography (CT) often exhibits hypo-to-mild 
hyperdensity but may not be distinguishable from the spinal cord without intrathe-
cal contrast [2]. Furthermore, spinal schwannomas can present with pedicle erosion 
and remodeling with a widened foraminal diameter [2]. Rarely, schwannomas will 
present with subarachnoid or subdural hemorrhaging [27, 28], which can be 
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challenging to diagnose [29]. The apparent diffusion coefficient (ADC) can also be 
useful in certain situations for assessing pre-operatively the benign nature of the 
tumor.

Different surgical approaches are summarized in Table 11.1.

11.3  Intradural Tumor Management

11.3.1  Intradural Extramedullary Tumors

Schwannomas are encapsulated tumors that splay rather than invade the dorsal sen-
sory root. Intradural extramedullary tumors are the most common presentation, 
accounting for approximately two-thirds of all spinal schwannomas (Fig. 11.1) [11, 
30, 31].

There are many surgical strategies that can be utilized, depending on tumor size 
and location [32]. In many cases, conventional posterior laminectomy or hemilami-
notomy with tumor debulking may be sufficient to achieve gross total resection [22, 
33]. Unilateral laminectomy has been shown to result in improved postoperative 
pain and adequate tumor debulking while maintaining regional stability [34]. In 
certain patients, minimally invasive options—like interlaminar approaches—may 
be employed [35, 36].

The location and size of the tumor may dictate the type of surgery indicated. For 
example, a retrospective review of 110 patients compared the outcomes (blood loss, 
hospital length of stay, pain scores) for patients who underwent a microsurgical 
laminectomy, hemilaminectomy, or laminectomy with pedicle screw fixation [37]. 
The results showed that hemilaminectomy was best suited for removal of cervical 

Table 11.1 Summary of different potential surgical approaches and procedures depending on the 
spinal region and tumor location

Region Tumor location Approach and procedure
Cervical Ventral (midline) Anterior approach (eg, corpectomy) with or without posterior 

fusion
Ventral (lateral) Posterior approach (eg, laminectomy) or posterolateral approach 

(eg, facetectomy) with or without fusionLateral recess
Dumbbell
Dorsal

Thoracic Ventral Anterior approach (eg, thoracotomy with corpectomy and fusion)
Lateral Posterior-based approaches (eg, transpedicular, 

costotransversectomy and fusion)Dumbbell
Dorsal Laminectomy or laminotomy with or without facetectomy and 

fusion
Lumbar/ 
sacrum

Ventral Laminectomy or laminotomy with or without facetectomy and 
fusionLateral

Dumbbell
Dorsal
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tumors, laminectomy was best suited for removal of thoracic tumors, and laminec-
tomy with pedicle screw fixation was best suited for removal of lumbar tumors. 
However, the benefits were minimal and thus appropriate judgment must be used 
when determining the correct approach and technique.

In some instances, an intradural schwannoma may be ventral to the cervical or 
thoracic spinal cord and cause compressive myelopathy. In the lumbar region and in 
select instances in the thoracic region, a posterior approach with only a laminec-
tomy or a posterolateral approach that is medial to the paraspinal muscles is typi-
cally adequate for dorsally-located tumor debulking [38, 39]. For tumors in the 
cervical spine, the anterior approach may be more favorable for ventral canal 
tumors, given the inability to manipulate the cord [40]. An anterior cervical corpec-
tomy with spinal arthrodesis and fixation has been used to treat a midline ventral 
intradural schwannoma [41]. Alternatively, a posterior facetectomy may allow for a 
posterolateral approach to a lateral recess tumor in the cervical spine (Fig. 11.2).

Gross total resection of schwannomas without severe neurological deficits is 
often achievable. For example, a study of 128 patients who underwent surgery for 
spinal schwannomas demonstrated that gross total resection was accomplished in 

a

c d

b

Fig. 11.1 Images showing two patients with intradural tumors. T1-weighted sagittal (a) and axial 
(b) images of a patient with an exclusively intradural tumor. Sagittal (c) and axial (d) images of a 
patient with both intradural and extradural schwannoma
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97% of tumors [22]. Preservation of the spinal nerve root is feasible, but is some-
times sacrifice of the parent root is necessary to completely resect the tumor. Even 
when the nerve root is sacrificed, the neurological deficit may be minimal if the 
affected sensory nerve root only is transected [42]. Although the exact mechanism 
is unclear, the hypothesis is that as the tumor progresses, the nerve root is damaged 
and becomes dysfunctional, allowing muscles to be reinnervated by other nerve 
roots [43]. In support of this hypothesis, a study of 31 patients who required nerve 
root sacrifice for tumor resection at spinal levels critical for function (ie, C5–T1 and 
L3–S1) showed that postoperative disabling deficits were minimal, and that the spi-
nal roots that produce the tumors were frequently nonfunctional at the time of sur-
gery [22, 44]. Additionally, intraoperative neural monitoring or direct nerve root 
stimulation can be used as an adjunct to help assess whether sacrificing the nerve 
root will result in any postoperative deficit [23].

There may be specific risk factors that predict whether patients will have neuro-
logical deficits postoperatively. A study of 64 patients with solitary spinal intradu-
ral schwannomas (between T11 and S1) demonstrated that the absence of 
preoperative lower extremity pain, presence of either preoperative sensory or motor 
disturbance, or a tumor between T11 and L2 were more likely to have postopera-
tive deficits after concurrent nerve root sacrifice than those without any of these 
risk factors [45]. Moreover, the authors found that the age, sex, duration of disease, 
the presence of diabetes, and the tumor length were not predictive of postoperative 
deficits.

11.3.2  Intramedullary Tumors

Intramedullary schwannomas are rare and represent approximately 1% of cases [1, 
2, 11], which is not surprising considering their origin from Schwann cells located 

a b

Fig. 11.2 T2 axial (a) and T2 sagittal (b) MRI images of a 27-year-old man with a dumbbell type 
schwannoma that extended through the C4–5 foramen. The tumor is amenable to a surgery utiliz-
ing a posterolateral approach and posterior facetectomy
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outside the spinal cord. The exact pathogenesis of intramedullary tumors is unclear. 
A number of hypotheses have been proposed, including derivation from ectopic 
Schwann cells [46]. Complete resection is not always possible because these tumors 
can be infiltrative.

Due to the rarity of these tumors, there is no consensus on surgical approach or 
technique. A posterior approach with a laminectomy or laminotomy can be suffi-
cient for adequate tumor debulking. However, it is crucial to determine the location 
of tumor origin to ensure a safe surgical corridor [47]. Lee et al. described a case 
series of ten patients with intramedullary tumors and argued that if the tumor origi-
nates from the dorsal root entry zone and not from within the spinal cord, then a 
myelotomy can be avoided [47]. If the tumor originates from a purely intramedul-
lary location, typically a myelotomy must be performed.

11.4  Extradural Tumor Management

Extradural schwannomas are found outside the thecal sac and occasionally away 
from the nerve root (Fig. 11.3) [30]. They are relatively uncommon in comparison 
to intradural extramedullary tumors. Celli et al. sought to establish the clinical pre-
sentation, tumor characteristics, and surgical outcomes for extradural schwannomas 
[30]. They retrospectively reviewed 24 cases at their institution and found that the 
patients were predominantly women (71%) and tumors were more likely to develop 
in the cervical and thoracic spine [30]. On rare occasions, extradural schwannomas 
can develop within the vertebrae and grow into the spinal canal, causing cord com-
pression [48].

Extradural schwannomas have traditionally been removed via an open midline 
posterior approach with a laminectomy or hemilaminectomy and potential fusion, 
depending on whether facetectomy is required to debulk the tumor [31, 49, 50]. This 
strategy is similar to intradural surgical techniques without durotomy and typically 
is adequate for gross total resection and alleviation of symptoms [11]. Conversely, 
recent studies have noted that a minimally invasive approach is possible for appro-
priate tumors with expandable tubular retractors (Fig.  11.4) [50, 51]. Standard 
microsurgical techniques similar to minimally invasive lumbar microdiscectomy 
are used [51]. The advantages of a minimally invasive approach include the follow-
ing: (1) the avoidance of fusion due to lack of facetectomy and iatrogenic spinal 
instability; (2) less tissue destruction; and (3) less blood loss [51]. Figure 11.5 dem-
onstrates a tumor that is amenable to gross total resection via a minimally invasive 
spine surgery technique. A potential disadvantage to minimally invasive techniques 
is there is minimal potential for tumor mapping. Therefore, not all tumors are 
amendable to minimally invasive techniques, and surgical judgment should be uti-
lized when determining whether an open or minimally invasive approach is 
appropriate.
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a

c d

b

Fig. 11.3 Images showing two patients with extradural schwannomas. Sagittal (a) and axial (b) 
MRI sequences of a patient with lumbar right-sided extra-dural schwannoma. Sagittal (c) and axial 
(d) views of a right-sided schwannoma invading anteriorly

Fig. 11.4 Illustration of a 
minimally invasive spine 
surgery approach with an 
expandable tubular 
retractor. (Originally 
published in Lu et al. J 
Neurosurg Spine 2009 
[50]; reprinted with 
permission)
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11.5  Other Considerations

11.5.1  Dumbbell Tumors

Schwannomas can take the form of a “dumbbell” shape, which is a term to describe 
a tumor that is split into two different spaces (eg, a tumor that is both intradural and 
extradural). Dumbbell schwannomas are typically found in the cervical spine [1, 
10]. A study of 118 spinal dumbbell tumors found that 18% of schwannomas were 

a

c d

b

Fig. 11.5 Images showing the results of a minimally invasive approach with an expandable tubu-
lar retractor to resect a left L3–L4 schwannoma found 2 years after a spinal fusion. By using a 
tubular retractor placed via a Wiltse approach, we did not have to remove any of the hardware. 
Preoperative axial (a) and sagittal (b) MRI imaging. Postoperative axial (c) and sagittal (d) images 
following gross total resection of tumor. (Originally published in Lu et al. J Neurosurg Spine 2009 
[50]; reprinted with permission)
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at the C2 nerve root, which was the highest incidence of any nerve root [49]. 
Dumbbell schwannomas can be destructive to the vertebra and incorporate multiple 
nerve roots; therefore, some studies recommend removal as soon as identified 
regardless of whether or not the patient is symptomatic [52].

Although spinal dumbbell tumors are not particularly rare [49], they present sur-
gical challenges because of the unique exposure required. In the cervical spine, a 
posterior approach can be used, especially if the foramen is involved. A study of 41 
cases of dumbbell schwannomas in the subaxial cervical spine found that gross total 
resection with minimal postoperative neurological deficit was possible, if the extra-
foraminal component was smaller than 5.4 mm in its longest diameter [53]. Gross 
total resection is possible by using a modified posterior midline exposure, followed 
by a single-sided laminectomy and facetectomy, which gives access to the intraspi-
nal, foraminal, and extraforaminal spaces for optimal tumor removal [54]. Others 
advocate use of a posterior approach to resect as much tumor possible while leaving 
the foraminal portion unresected with the goal of preservation of the facet joint [55]. 
The rationale is to maintain low recurrence rates while minimizing potential com-
plications from facet disruption. Dumbbell tumors have been removed through a 
hemilaminectomy with or without facetectomy and possible fusion, depending on 
assessment of stability [49]. The use of microsurgical or endoscopic techniques for 
transforaminal resection may help preserve stability and joint integrity, precluding 
the need for a fusion [56].

When debulking a dumbbell tumor, it is beneficial to start with resection of the 
extradural component. The invagination of the dural ring may resemble intradural 
extension during the operation, but there may not actually be any intradural compo-
nent [57]. By debulking the extradural portion initially, the dural ring can be care-
fully examined for intradural extension before the dura is opened. Schwannomas 
are encapsulated tumors, which allows for potential removal without sacrificing the 
nerve root or undertaking an unnecessary durotomy.

11.5.2  Sacral Schwannoma

Tumors in the sacrum are rare and often asymptomatic but can present with a 
variety of neurological deficits like bowel or bladder dysfunction (Fig. 11.6) [58]. 
Only approximately 50 sacral schwannomas have been described in the literature 
[59]. Indeed, these tumors can become massive with expansion into the spinal 
canal and pelvis before causing severe-enough symptoms for patients to seek 
evaluation. Their size can make them difficult to manage [58]. MRI is often 
required to make a diagnosis because radiograph can be inconclusive [60]. The 
rarity of these tumors has made surgical management somewhat controversial, as 
aggressive resections may lead to a low chance of recurrence, but a high probabil-
ity of neurological deficits [60, 61]. Therefore, conservative management may be 
more appropriate in some circumstances and surgical judgment should be 
utilized.
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11.5.3  Intraoperative Neural Monitoring

The use of intraoperative neural monitoring is important for appropriate surgical 
management as it has become standard of care for resecting these tumors. Recent 
guidelines have been outlined for surgery on the spinal column and cord [62]. 
Specifically, multimodality intraoperative monitoring (MIOM) (eg, somatosensory 
and motor evoked potentials) is recommended to assess spinal cord integrity with 
motor evoked potentials being superior to somatosensory evoked potentials for 
assessment of spinal cord integrity. In our experience, intraoperative neural moni-
toring can also help with diagnosing whether the nerve root is involved or if the 
spinal cord is damaged prior to resection. Monitoring also helps avoid functional 
motor fibers during the procedure.

11.5.4  Recurrence

As with other benign tumors, gross total resection of spinal schwannomas is cura-
tive while subtotal resection permits possible recurrence. The rate of recurrence in 
spinal schwannomas is roughly 5% at 2 years postoperatively [23, 63]. Schwannomas 

a

c d

b

Fig. 11.6 MRI sequences of 2 patients with large sacral tumors. Sagittal (a) and axial (b) images 
of a large right-sided sacral tumor from the first patient. Sagittal (c) and axial (d) images of a giant 
sacral schwannoma
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have a wide variability in growth rate and can increase in size by 5% annually [64]. 
A retrospective analysis of 169 patients with spinal schwannomas found that the 
risk factors for recurrence were higher number of spanned levels, increasing tumor 
size in the cranial-caudal direction, and tumor location in the cervical or sacral 
regions [63]. However, residual tumor size may not correlate with the rate of recur-
rence. A study of 27 patients found that postoperative residual mass did not corre-
late with significant tumor regrowth at 2-year follow-up. Alternatively, in this 
cohort, tumors that had a high Ki-67 labeling index value—a cellular marker for 
proliferation—were more likely to recur than those with low values [65]. In another 
study of 32 patients with giant spinal schwannomas (defined as tumors extending at 
least 2 vertebral levels intraspinally or 2.5 cm extraspinally), those who underwent 
gross total resection were less likely to have tumor recurrence compared with 
patients who underwent subtotal resections [66].

11.5.5  Complications

Resection of spinal nerve sheath tumors is safe with respect to major morbidity and 
mortality, but the complication rate is relatively high. A study of 199 patients who 
underwent resection for spinal nerve sheath tumors, including 163 schwannomas, 
described the complication rate as 32% with new or worsening sensory deficits as 
the most frequent complication [67]. Another study of 187 cases of spinal schwan-
noma described the late complication rate as roughly 21% [11]. Severe pain, spinal 
deformity, and spinal arachnoiditis (ie, pain disorder derived from the arachnoid) 
were the most common complications. Furthermore, cerebrospinal fluid leak is a 
possible complication, especially in cases with dumbbell schwannomas.

11.6  Conclusion

Spinal schwannomas are relatively common primary encapsulated nerve sheath 
tumors. The main presenting symptom is pain, although other complaints are pos-
sible, such as neurological deficits. We described the typical surgical approach for 
intradural and extradural tumors. Often, a posterior open midline incision followed 
by laminectomy or hemilaminotomy/hemilaminectomy with or without facetec-
tomy and fusion is necessary for gross total resection—the mainstay of curative 
treatment. Subtotal resections can lead to recurrence, although the rate of recurrence 
is relatively low. Common complications include worsening sensory deficits or 
severe pain.

11.7  Surgical Pearls

• Intraoperative monitoring can help distinguish whether the associated nerve root 
can be sacrificed without postoperative motor deficits. However, it is important 
to note that potential sensory or pain deficits cannot be detected this way.
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• Intramedullary schwannomas are exceedingly rare and may not require myelot-
omy, if the origin of the tumor is the dorsal root entry zone.

• Extradural tumors and intradural extramedullary tumors in certain instances can 
be reached via a minimally invasive approach with tubular retractors, although 
nerve monitoring is very limited with this approach.

• Dumbbell schwannomas should be resected extradurally first and then intradu-
rally; resection in this order will spare the need for durotomy in case there is not 
actually an intradural portion of the tumor.

• Intraoperative neural monitoring is important for diagnosing nerve root involve-
ment or spinal cord damage, as well as helping to avoid damaging functional 
motor fibers.
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12Spinal Cord Tumors in Neurofacomatosis
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and Chenran Zhang

12.1  Introduction

Neurofacomatosis (phakomatoses) are a group of neuro-oculocutaneous disorders 
characterized by involvement of structures that arise from the embryonic ecto-
derm—thus, the central nervous system (CNS), skin, and eyes. The phakomatoses 
concept was formulated in 1923 by an ophthalmologist Van Der Hoeve to describe 
three disorders (neurofibromatosis, tuberous sclerosis, and von Hippel-Lindau syn-
drome), according to their ophthalmologic manifestations (Greek phakos means 
birthmark) [1, 2]. However, it has been subsequently noted that mesodermal and 
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endodermal tissues are also involved. A number of genetic and acquired diseases 
come in this category and may affect one or more organ systems. They tend to form 
tumors in various organs, particular the nervous system. Now neurofacomatosis are 
also termed as “neuroectodermatoses” or “neurocutaneous syndrome.”

Intramedullary spinal cord tumors are rare. They account for only 4–6% of all 
CNS tumors [3]. In this chapter, we mainly survey the neurocutaneous tumor syn-
drome and intramedullary spinal cord tumor associated with the three major neuro-
facomatosis: Neurofibromatosis type I (NF1), Neurofibromatosis type 2 (NF2) and 
von Hippel-Lindau syndrome (VHL). Table 12.1 lists the summary of neurocutane-
ous tumors and intramedullary tumors associated with all neurofacomatosis.

12.2  Neurofibromatosis Type 1

12.2.1  Epidemiology and Genetics

NF1, known as von Recklinghausen disease or peripheral neurofibromatosis, was 
first described by von Recklinghausen in 1882 [4]. It is the most common of the 
neurofacomatoses with a prevalence of 1 per 3000; it has equal sex distribution and 
no obvious ethnic predilection [5, 6]. NF1 is transmitted as an autosomal-dominant 
trait but half of patients get sporadic mutations without a family history of the dis-
ease [7]. Penetrance is nearly 100% by 8  years of age, whereas expressivity is 
extremely viable [8, 9].

The NF1 locus maps to chromosome 17q11.2 and consists of 57 constitutive 
exons spread over 350 kb of genomic deoxyribonucleic acid (DNA) [10]. Using 
cDNA-SSCP/HD analysis, Pros et al. identified 282 different mutations in 374 inde-
pendent patients with NF1 [11]. The NF1 gene encodes for a 2818-amino-acid pro-
tein referred to as neurofibroma [12]. Neurofibromin plays a pivotal regulatory role 
in the Ras pathway of cellular proliferation. Loss of neurofibromin function will 
cause to excessive Ras activation and creating a tendency toward cell proliferation 
and tumor development [13]. Neurofibromin is expressed in many different cell 
types especially in Schwann cells and neurons [14]. Therefore, neurofibromin func-
tions as a tumor suppressor gene with respect to neurofibroma and glioma formation 
[15, 16]. Recently, the mechanistic target of rapamycin (MTOR) pathway has also 
been implicated in NF1-related tumors [17].

12.2.2  Diagnostic Criteria and Screening

Diagnostic criteria are summarized in Table 12.2, which were outlined in an earlier 
National Institutes of Health (NIH) meeting (NIH Consensus Development 
Conference, Neurofibromatosis: Conference Statement, 1988) [18]. Two or more 
criteria must be present to establish the diagnosis. These criteria are extremely sen-
sitive and specific for the disease, but genetic testing for confirmation is strongly 
recommended in controversial cases. However, DeBella et al. concluded that the 
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Table 12.1 Neurofacomatosis and Allied Tumors

Syndrome Classic features Associated tumor
Associated spinal 
cord tumor

Neurofibromatosis 
Type 1

Café au lait spots Neurofibroma, Optic Glioma, 
Iris hamartoma

Intramedullary 
astrocytoma

Neurofibromatosis 
Type 2

Juvenile lens 
opacity

Vestibular Schwannoma, 
Meningioma, Spinal 
schwannoma and meningioma

Intramedullary 
ependymoma

Von Hippel-Lindau 
Disease

Retinal, cerebellar and spinal 
hemangioblastoma, 
Endolymphatic sac tumors 
Pheochromocytoma, Renal cell 
carcinoma

Intramedullary 
hemangioblastoma

Tuberous Sclerosis 
Complex

Cortical tubers, 
seizure, 
hypopigmented 
macules, autism, 
Shagreen patch

Angiofibroma, Renal 
angiomyolipoma, 
Subependymal giant cell 
astrocytoma, Cardiac 
rhabdomyoma

Schwannomatosis Cranial and spinal nerve 
schwannomas (except acoustic 
neuroma)

L’hermitte-Duclos 
Disease

Seizure, CNS 
abnormalities

Cerebellar gangliocytomas

Ataxia- 
Telangiectasia

Ataxia, Sclera 
telangiectasia CNS 
abnormalities

Leukemia, Lymphoma

Li-Fraumeni 
Syndrome

Sarcoma, cancers of the breast, 
brain and adrenal glands

Sturge-Weber 
Syndrome

Port-wine stain, 
seizure, glaucoma

Ipsilateral leptomeningeal 
angioma

Maffucci’s 
Syndrome

Hyperpigmented 
patches and nevi

Multiple enchondromas with 
secondary hemangiomas, 
Glioma

Epidermal Nevus 
Syndrome

Seizure, CNS 
abnormalities

Patchy cutaneous 
hamartomatous lesions

Neurocutaneous 
Melanosis

Pigmented 
cutaneous area

Leptomeningeal melanoma

Klippel-Trenaunay- 
Weber Syndrome

Unilateral limb 
hypertrophy, 
Macrocephaly

Subcutaneous hemangiomas

Incontinentia 
Pigmenti

Hypopigmented 
skin lesions, CNS 
abnormalities

Cowden Disease Seizure, CNS 
abnormalities

Multiple facial trichilemmomas

Wyburn-Mason 
Syndrome

Retinal and 
cerebral 
arteriovenous 
malformation
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diagnosis of NF1 cannot always be made in young children using the NIH diagnos-
tic criteria [8]. Modification of these criteria may be necessary for children under 
8 years old.

The diagnostic and health supervision guidelines for patients with NF1 have 
been published by the Committee on Genetics of the American Academy of 
Pediatrics [19]. Screening magnetic resonance imaging (MRI), electroencephalo-
gram (EEG,) and X-rays are no longer routinely recommended unless specific prob-
lems arise. Neurologic and ophthalmologic assessments, as well as blood-pressure 
monitoring (for pheochromocytoma and renal arterial abnormalities), are required. 
Behavior and development should be evaluated carefully, and formal neuro- 
psychometric evaluation may be necessary if concerns arise. Genetic counseling 
and screening with targeted testing of the NF1 mutation identified in the patient 
should be considered in first degree relatives [18].

12.2.3  Neurocutaneous Tumor Syndromes and spinal tumors 
in Neurofibromatosis type 1

Symptoms within and between families can vary extremely, and signs generally 
develop by 10 years of age [18]. By puberty, more than 80% of NF1 patients develop 
neurofibromas that can be cutaneous, subcutaneous, or deep [8]. Plexiform neurofi-
bromas can experience malignant transformation (Fig. 12.1). The incidence of optic 
pathway gliomas, brain stem gliomas, cerebellar gliomas, and meningiomas is 
increased in patients with NF1 [20]. A prospective study of NF1 cancer incidence in 
the United Kingdom (UK) showed NF1 carries a 2.7-fold increase in overall risk of 
cancer, with a cumulative risk of a malignancy at 20% by age 50 years [21].

Spinal neurofibromas: Spinal neurofibromas (Fig. 12.2) are benign tumors of 
the peripheral nerves, originating from the nerve sheath, and generally encasing the 
nerve roots as a result of an asymmetric growth pattern [22, 23]. Their common 
anatomical locations are intradural extramedullary, and dumbbell type. Familial 

Table 12.2 Diagnostic Criteria for NF1

The presence of two or more of the following is diagnostic:

    •  ≥6 cafe´ au lait spots >5 mm in prepubertal individuals or > 15 mm in postpubertal 
individuals

    • ≥2 neurofibromas of any type or 1 plexiform neurofibroma
    • Axillary or inguinal freckling
    • Optic gliomas
    • ≥2 hamartomas of the iris (Lisch nodules)
    •  Distinctive osseous lesion (ie, sphenoid wing dysplasia or thinning of long bone cortex 

with or without pseudoarthrosis)
    • First-degree relative with NF1
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a b

c

Fig. 12.1 Sagittal (a) and axial (b, c) MRIs of plexiform neurofibromas undergoing malignant 
transformation

a b c

Fig. 12.2 Sagittal (a) and coronal (b) MRI with gadolinium identifies multiple lesions in the 
lumbar spinal canal. Intraoperative view of the neurofibromas (c)
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spinal neurofibromatosis is an alternate form of neurofibromatosis that is classified 
by numerous neurofibromas symmetrically affecting the whole axial spine [24, 25]. 
Spinal cord compression is seldom found but can occur [23]. So far, the largest 
systematic study by Nguyen et al. that describes spinal MRI findings of patients 
with NF1 and associated symptoms demonstrates that 80% of patients with NF1 
had spinal neurofibromas, with ascending frequency from 70% in patients younger 
than 10 years to 80% in patients aged 10–18 years to 89% in individuals older than 
18 years of age [22]. Meanwhile, symptoms are reported among 60% of patients at 
presentation. At baseline, 34% of patients had MRI changes consistent with spinal 
cord compression that was most prevalent at the cervical (43%) and lumbar (40%) 
spine region. Some of the patients with progression of their spinal neurofibromas 
developed cord compression. Paraspinal plexiform neurofibromas (PNs) were pres-
ent in 79% of patients, of which 88% had accompanied spinal neurofibromas. 
However, other reported frequency of asymptomatic spinal neurofibromas on MRI 
ranges from 13% in children to 40% in children and adults with NF1. The higher 
incidence of spinal neurofibromas as described in the study by Nguyen et al. prob-
ably results from a more severe phenotype patient cohort and its clinical trials 
nature.

Surgical resection is a safe and effective treatment for spinal nerve sheath tumors. 
Approximately 30% of patients developed a postoperative complication, most com-
monly new or worsening sensory deficits. Complications were more common in 
cervical and lumbosacral tumors but had no association with patient age, clinical 
presentation, symptom duration, tumor size, or tumor pathology. Intradural and 
dumbbell tumors were associated with higher rates of cerebrospinal fluid (CSF) 
leak, pseudomeningocele, and wound infection. Complications are an inevitable 
consequence of spinal nerve sheath tumor surgery given the intimacy of these 
lesions with functional neural elements. There was no difference in the use of intra-
operative neuro-monitoring when comparing cases with surgical complications and 
those without. However, the use of neuro-monitoring was associated with a signifi-
cantly higher rate of gross-total resection.

Plexiform neurofibromas: PN is another tumor type that can be found in up to 
50% of patients with NF1 who undergo an MRI [26]. PNs occur along any periph-
eral nerve but if located in the paraspinal area, they can grow and extend laterally 
along the spinal nerves with or without involvement of the neural foramina [27, 28].

12.2.4  Spinal Cord Tumor in Neurofibromatosis Type 1

Gliomas are often associated with NF1, most being low-grade. They mainly 
involve the optic pathways—especially in children [29, 30]—and only 1% are 
found in the spinal cord [18]. The incidence of intramedullary gliomas in NF1 
patients may be far more than their sporadic counterparts according to similar 
works [31]. So far, there are several case series reporting intramedullary gliomas 
in NF1 patients. Lee et al. reported 3 intramedullary astrocytomas with NFI (1 
low grade astrocytoma and 2 anaplastic astrocytomas) [32]. On pathologic 
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examination, most are pilocytic astrocytomas (PAs) World Health Organization 
(WHO) Grade I [33]. However, patients with NF1 may also develop diffusely 
infiltrating astrocytomas (DAs) (WHO grades II–IV), particularly with an onset 
later in life [34]. Rodriguez et al. included 100 patients with NF1: there were four 
intramedullary astrocytoma cases, two PAs, and two low-grade astrocytoma, sub-
type indeterminate (LGSI) [35]. The prognoses of the PA and LGSI gliomas over-
all were generally favorable.

Pilomyxoid Astrocytoma (PMAs) usually occur in young children and are fre-
quently located in the hypothalamic/chiasmatic region. They are seldom found in 
the spinal cord. Spinal PMAs affect pediatric age group more than adult patients 
with a female preponderance, mostly the cervical and thoracic spinal regions. Most 
of the lesions are intramedullary with only one case report being an intradural extra-
medullary lesion [36]. The association of intramedullary PMA with NF1 is even 
less common. Dunn-Pirio et al. reported so far the first case of a spinal cord PMA in 
an adult patient with NF1 [37]. The patient underwent a partial surgical resection of 
the spinal cord tumor followed by adjuvant carboplatin 560 mg/m2 every 4 weeks. 
Radiation was avoided due to risks associated with NF 1. Single agent carboplatin 
was effective and well-tolerated.

Ependymomas have been reported with a higher incidence in NF2 rather than in 
NF1 and are preferentially located in the spinal cord [38]. Ependymoma with NF1 
has rarely been reported, not to mention spinal cord ependymoma with NF1. To 
date, only four cases of ependymoma with NF1 have been reported in English litera-
ture, and only 2 of them were spinal cord ependymoma with NF1: thoracic cord 
ependymoma (WHO II) in a 5-year-old boy and 1 cervical spinal cord ependymoma 
in a 49-year-old female [39, 40]. There were no differences found between ependy-
momas in NF1 patients and those found in their sporadic counterparts in terms of 
clinical course. Therefore, the management modality is similar with total surgical 
resection remaining the treatment of choice whenever possible. Moreover, as NF1 
is a multisystem disease, the cooperation between multidisciplinary clinicians and 
scientists is essential.

12.3  Neurofibromatosis Type 2

12.3.1  Epidemiology and Genetics

NF2 is significantly less common than NF1 with an incidence of 1 per 33,000 [41]. 
Although the disease is classified as “neurofibromatosis,” neurofibromas are relative 
infrequent. Actually, NF2 is a unique clinical and pathological entity, entirely dis-
tinct both phenotypically and genotypically from NF1. The hallmark of NF2 is the 
development of bilateral vestibular schwannomas (VS). It is an autosomal dominant 
inheritance pattern with nearly 100% penetrance, although 50% of patients have 
sporadic mutations [42]. Affected patients with no gender predilection typically 
present in late adolescence; those who present in childhood often have atypical and 
more severe clinical manifestations [43].
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The NF2 gene maps to the long arm of chromosome 22 (22q11.1-22q13.1), 
which encodes a 595-amino-acid protein referred to as merlin or schwannomin [44]. 
Merlin is a cytoskeletal protein that appears to play a role in the control of cell 
growth, affecting signaling pathways connected with contact inhibition and tumor 
suppression [45]. Merlin is widely expressed in Schwann cells, arachnoid cells, and 
the ocular lens. The gene product is considered to be a tumor suppressor and regula-
tor of Schwann cell and arachnoidal cell proliferation [46]. Merlin functions as a 
tumor suppressor gene with respect to schwannoma and meningioma formation 
[42]. Some genotype-phenotype correlations have been identified with NF2. 
Missense or splicing mutations tend to predict milder disease than do mutations that 
lead to protein truncation [47]. Somatic mosaicism for NF2 gene mutation may 
produce localized disease severity [42]. Therefore, genetic testing for NF2 is valu-
able in some cases for diagnostic purposes.

12.3.2  Diagnostic Criteria and Screening

There are multiple diagnostic criteria for NF2. The most recent and sensitive criteria 
to be used are Baser criteria or Manchester criteria, which have been shown to have 
a sensitivity of 79% and a specificity of 100% [48]. The criteria are shown in 
Table 12.3.

Accepted criteria for NF2 screening include having a first-degree relative with 
NF2, the presence of VS before the age of 30 years, the presence of meningioma 
before the age of 20  years, the presence of cutaneous schwannomas, and the 

Table 12.3 Diagnostic Criteria for NF2 (Manchester Criteria)

The presence of two or more of the following is diagnostic:
Bilateral vestibular schwannomas
  •  First-degree family relative with NF2 and unilateral vestibular schwannoma or any two of 

the following:
– Meningioma
– Schwannoma
– Glioma
– Neurofibroma
– Posterior subcapsular lenticular opacity

  • Unilateral vestibular schwannoma and any two of the following:
– Meningioma
– Schwannoma
– Glioma
– Neurofibroma
– Posterior subcapsular lenticular opacity

  •  Two or more meningiomas and unilateral vestibular schwannoma, or any two of the 
following:
– Schwannoma
– Glioma
– Neurofibroma
– Posterior subcapsular lenticular opacity

F. A. Boop et al.



195

presence of multiple spinal tumors [49]. The NF2 screening includes detailed per-
sonal and family history, cutaneous and ocular examination, and MRI of the neural 
axis. For patients with a confirmed diagnosis of NF2, regular following should con-
sist of annual hearing test, brainstem auditory evoked potential response, visual 
exam, and dermatologic exam. MRI of neural axis should begin at age 10, repeated 
every 2 years up to age 20, and then repeated every 3-to-5 years afterward [42]. 
Closer follow-up is required for patients in whom lesions are identified.

12.3.3  Neurocutaneous Tumor Syndromes and spinal tumors 
in Neurofibromatosis type 2

Patients with NF2 harbor a wide spectrum of nervous system tumors, including 
cranial (vestibular, facial, and trigeminal) and peripheral nerve schwannomas, as 
well as meningiomas and intramedullary ependymomas [50].

Vestibular Schwannoma. VS or acoustic neuromas are benign tumors that are 
pathognomonic for NF2 when present bilaterally. Bilateral VSs are seen in up to 
95% of patients with NF2 (Fig. 12.3) [51]. VS cause the typical symptoms of hear-
ing loss, tinnitus, and vestibular dysfunction. Hydrocephalus and brainstem dys-
function can result from mass effect in severe cases. Management options include 
observation, surgical resection, radiosurgery, or chemotherapy [52]. The decision to 
treat requires a consideration of the patient’s age, medical condition, hearing status, 
neurological function, and size of tumor. Surgical timing presents challenges to 
neurosurgeons. Symptomatic and large tumors usually are treated surgically; how-
ever, the treatment of smaller bilateral tumors is less clear due to unpredictable 
tumor growth. Stereotactic radiosurgery also has been applied for local control [53]. 
Surgical approach and planning are required to take into account the likelihood of 

a b c

Fig. 12.3 The cranial (a) and cervical spinal cord (b) MRI of a 17-year-old girl with NF2, which 
clearly show bilateral vestibular schwannomas and multiple spinal schwannomas, respectively. 
Image from 7 years later (c), which shows multiple intracranial meningiomas and progress of the 
spinal schwannomas
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preservation of hearing and whether the tumors are bilateral. In addition, VSs in 
NF2 are often multifocal and may grow to involve facial nerve fibers [42]. Therefore, 
microsurgical resection is associated with significant tumor recurrence in NF2 
patients, as well as with high risk of hearing loss and facial dysfunction. Radiosurgery 
is a valuable alternative treatment offering tumor control or delaying the need for 
surgery; however, there is a price in terms of hearing function. These results may 
compare favorably with the progressive deafness associated with the natural history 
of the disease, or with surgery [53]. Targeted chemotherapy is currently being 
explored but the data are still lacking.

Intracranial meningioma. Meningiomas are the second-most common tumor 
associated with NF2. Intracranial meningiomas (Fig. 12.3) are observed in 45–58% 
of people with NF2, where spinal meningiomas are found in 20% of affected 
patients. Intracranial meningiomas tend to be multiple in number and often develop 
at a younger age than sporadic patient [47]. In the pediatric age group, meningiomas 
are often the first sign of NF2 [54]. Malis reported a series of 41 NF2 patients with 
long-term follow-up [55]. His series highlights the clinical burden of meningiomas 
in NF2. Most of the deaths in patients from NF2-related disease was attributable to 
overwhelmingly rapid growth of multiple meningiomas, not vestibular schwanno-
mas [55]. Clinical symptoms from meningiomas are usually related to their size and 
location. Surgery remains the mainstay of treatment for growing and/or symptom-
atic meningiomas in NF2. Usually most meningiomas can be safely and fully 
resected. However, meningiomas involving the optic sheath and skull base are asso-
ciated with higher rates of surgical sequela [56]. In situations where there is residual 
tumor from a partial resection, stereotactic radiosurgery has been used for local 
control [57]. At present, there are no defined medical treatments for NF2-associated 
meningiomas, and clinical studies using molecularly targeted drug therapies are 
currently being investigated [58].

Spinal schwannoma and spinal meningioma. Research has identified that NF2 
patients have a predilection for multiple spinal nerve sheath schwannomas and spi-
nal meningioma [59]. Spinal schwannomas are intradural, extramedullary neo-
plasms, arising from dorsal nerve roots (Fig. 12.3). In Malis’s series treated over a 
30-year period, he found that tumors of the spine were nearly as common as VS on 
MRI [55]. Among 41 NF2 patients, all of whom were initially referred due to bilat-
eral VS, a total 99 extra-medullary spinal tumors were treated surgically. Of these, 
58 were spinal schwannomas and 41 were meningiomas [55]. Previous reports have 
indicated that symptomatic spinal schwannomas in NF2 are likely to grow faster, 
more likely infiltrating nerve roots and progressing to serious deficits sooner [60]. 
Li et al. found that patients with NF2 were the youngest at the first spinal schwan-
noma operation and had the shortest duration of preoperative symptoms [61]. These 
intradural-extramedullary NF2 schwannomas did not have a preferred spinal loca-
tion and only a slight predominance in the lumbar area [62]. Small cauda equina 
nodular schwannomas were common in NF2 (86.9%). They were usually small in 
size and showed a relatively stable behavior over time [63]. On the contrary, large 
extramedullary tumors (>5 mm) in NF2 were prone to progression. If small cauda 
equina nodules progressed into larger tumors, they would be difficult to treat 
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surgically. Meanwhile, most patients with NF2 tend to have significant problems 
related to bilateral vestibular schwannomas as well as other intracranial neoplasms. 
In such cases, a conservative approach is usually adopted towards these small spinal 
tumors. In addition, it was much more difficult to totally resect tumors in NF2 
patients with higher rate of neurological deficits, and tumor recurrence [60].

For patients with NF2, approximately 10% of meningiomas requiring resection 
are located in the spine [64]. Spinal meningiomas is more prevalent in the female 
and elderly populations [65]. Early surgery remains the main treatment of growing 
and/or symptomatic meningiomas in NF2.

12.3.4  Spinal Cord Tumor in Neurofibromatosis Type 2

More than 75% of intramedullary spinal cord tumors associated with NF2 are epen-
dymomas. Intra-medullary ependymomas are present in 33–53% of patients with 
NF2. Cervical cord and cervicomedullary junction are the most common location of 
involvement (Fig. 12.4) [55]. They are usually multiple and present with typical 
appearance of a “string of pearls” in neuroimaging, being hyperintense on T2, 
hypointense to isointense on T1, and mostly enhancing after contrast [62]. Clinical 

a b c d

Fig. 12.4 The progress of a multiple-segment cervical intramedullary ependymoma with NF2. 
The spine MRI were taken on the year of 2005 (a), 2008 (b), and 2009 (c). The lesion was removed 
en bloc in 2009 (d)

12 Spinal Cord Tumors in Neurofacomatosis



198

signs and symptoms are variable and depend on the size and anatomic location of 
the tumor. In contrast to sporadic tumors, the majority of NF2-associated spinal 
tumors are asymptomatic. Accordingly, fewer than 20% of patients with these 
tumors are symptomatic. The most common symptoms of the patients with intra-
medullary spinal cord tumors are back pain, weakness, or sensory disturbances [66]. 
The management of NF2-associated ependymomas has not been firmly established. 
Although observation is often used to follow asymptomatic tumors, surgical resec-
tions are frequently effective and curative. Kalamarides et  al. retrospectively 
reviewed two NF2 centers: Manchester, UK and Paris/Lille, France [67]. They 
found a significantly improved outcome in patients cared for in specialty centers. 
Spinal ependymomas produce morbidity. Surgery can prevent or improve this in 
selected cases but can itself result in morbidity. Surgery should be considered in 
growing/symptomatic ependymomas, particularly in the absence of overwhelming 
tumor load where bevacizumab is the preferred option [67].

The timing of the resection is best determined by detailed neurologic surveil-
lance to assess for early onset of symptoms [68]. Because most NF2-associated 
spinal cord ependymomas are grade II tumors, gross total resection is often the 
curative (Fig. 12.4), with radiation therapy reserved for recurrent or residual tumors. 
WHO grade I myxopapillary ependymoma has also been reported in patients with 
NF2, and these tumors are usually treated with surgery alone [69]. Given that NF2 
is a genetic tumor syndrome, there are concerns about the extra risks of radiation 
therapy in this patient cohort. For this reason, chemotherapy is the desirable choice 
for the patients with recurrent and unresectable tumors. The evaluation of molecu-
larly targeted therapies for these tumors is currently ongoing. Small series of 
patients treated with bevacizumab have reported improvement with NF2-associated 
ependymomas [70].

12.4  Von Hippel-Lindau Disease

12.4.1  Epidemiology and Genetics

Von Hippel-Lindau (VHL) disease was attributed to Eugen von Hippel’s descrip-
tions of the retinal angiomatosis in 1904 and Arvid Lindau’s descriptions of the 
hemangioma in the cerebellum and spinal cord in 1927 [71, 72]. The term von 
Hippel-Lindau disease was first used in 1936 and has been in common use since 
the 1970s. VHL is an autosomal dominant disease found in approximately 1 per 
36,000 people [73]. It is familial in around 80% of cases, and the penetrance rate 
is up to 90% [74]. VHL is characterized by hemangioblastomas, usually involving 
retina, cerebellum, and spinal cord. It is also associated with non-CNS lesions, 
such as pancreatic neuroendocrine tumors, pheochromocytomas, renal cell carci-
nomas, endolymphatic sac tumors, and cystic tumors in multiple organs. Although 
VHL is grouped in the neurofacomatosis or neurocutaneous syndromes, it does 
not typically involve cutaneous manifestations, in contrast with other 
phakomatoses.
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VHL disease as an autosomal dominant inheritance pattern is caused by loss of 
the tumor suppressor gene located at 3p25–26 [75]. The VHL gene encodes for a 
protein referred to as pVHL, which coordinates multiple aspect of the cell cycle and 
facilitates angiogenesis through regulatory control over hypoxia-inducible factor-1 
alpha (HIF-1α) and hypoxia-inducible factor-2 alpha (HIF-2α) [76]. Dysfunction or 
absence of the pVHL leads to constitutive overexpression of HIF-1α and HIF-2α, 
which leads to increased level of vascular endothelial growth factor (VEGF) and 
other pro-angiogenic signals [76, 77]. These insults combine to cause the spectrum 
of tumors found in VHL disease.

12.4.2  Diagnostic Criteria and Screening

Clinical diagnostic criteria of VHL, summarized in Table 12.4, are used for referral 
to specialists for genetic counseling and testing. For individuals who have a family 
history of VHL, detection of only one type of tumor specific to VHL may be suffi-
cient to make a diagnosis. For those patients without a family history of the disease, 
at least two types of VHL tumors should be identified to confirm a diagnosis [78, 
79]. The definite diagnosis of VHL is typically confirmed by genetic testing to iden-
tify a germline mutation of the VHL gene.

The loss of vision is one of the more common presentations with VHL due to 
retinal hemangioblastoma (angiomas). Patients with cerebellar hemangioblastoma 
may present with ataxia, dysmetria, and coordination difficulties. Patients with spi-
nal cord hemangioblastomas present with motor or sensory problems based on the 
tumor’s location. Patients with pheochromocytomas can present with paroxysmal or 
sustained hypertension. Hearing loss is often associated with endolymphatic sac 
tumors.

Screening protocols have been developed for early diagnosis of typical lesions. 
The protocol includes annual ophthalmic examinations from early childhood, MRI 
of the head every 12–36 months from adolescence onward, ultrasound (or MRI) of 
the abdomen every 12 months, beginning at the age of 16 years. Annual blood pres-
sure monitoring and 24-h urine studies for catecholamine metabolites should be 
considered in high-risk families [80]. Patients also need regular evaluations for 

Table 12.4 Diagnostic Criteria for VHL

Without VHL family history:
Present with two or more of the following characteristic lesions
With VHL family history:
Present with one or more of the following characteristic lesions
  • Spinal or cerebellar hemangioblastoma
  • Retinal angioma
  • Adrenal or extra-adrenal pheochromocytoma
  • Renal cell carcinoma
  • Multiple renal and pancreatic cyst

12 Spinal Cord Tumors in Neurofacomatosis



200

neurologic symptoms, visual impairment, and hearing loss. As a result, all patients 
with VHL require lifelong monitoring for associated tumors.

12.4.3  Neurocutaneous Tumor Syndromes in von  
Hippel–Lindau disease

The disease is classified into type 1, the result of a nonsense mutation or deletion, 
and type 2, the result of a missense mutation. Based on adrenal involvement and 
risk of pheochromocytoma, type 2 carries risk of pheochromocytoma and type 1 
does not [81]. Type 1 typically carries high risk for renal involvement, high risk 
for CNS hemangioblastomas, and low risk for the development of pheochromo-
cytomas [82].

Hemangioblastomas are the lesions most frequently observed in VHL disease. 
Sporadic hemangioblastomas tend to be solitary in older patients, whereas VHL 
disease-related hemangioblastomas tend to be multiple in young adults with mean 
age of 29 years [73]. Woodward et al. examined 188 patients with solitary heman-
gioblastoma and without VHL family history [83]. Of these, 5% were found to have 
germline mutations in the VHL gene, and another 5% ultimately progress to addi-
tional VHL-related lesions. VHL-related hemangioblastomas have been reported to 
harbor germline mutation (94%) and loss of heterozygosity (62%) at the VHL gene. 
Over 150 different germline mutations have been identified [84, 85].

Hemangioblastomas in retina and central nerve system. Retinal hemangio-
blastoma is one of the earliest manifestations of the disease, and it has been reported 
in early childhood [86, 87]. More than 50% of patients with VHL disease have reti-
nal hemangioblastoma. The retinal lesion has the appearance of aneurysmal dilata-
tion which will manifest to tortuous vessels and lead to retinal detachment with 
progressive vision loss [88]. Other VHL-associated hemangioblastomas are circum-
scribed vascular tumors usually found in posterior fossa (80%) and spinal cord 
(20%) and rarely in the cerebral hemispheres. These tumors usually are found in 
patients after the third decade of life. They are benign but become symptomatic due 
to mass effect caused by adjacent cyst progression or tumor hemorrhage. 80% of 
patients with hemangiomas in medulla or spinal cord are associated with syringo-
myelia [89].

VHL disease is suggested to account for approximately a third of patients with 
CNS hemangioblastomas. On the other hand, overall CNS hemangioblastomas 
occur in 60–80% of VHL patients [73, 90]. The growth of VHL associated heman-
gioblastomas in central nerve system is variable. Some tumors tend to grow rapidly 
and others remain quiescent even in the same patient. Surgery for hemangioblasto-
mas in VHL disease in indicated for patients who become symptomatic. Radiological 
progression without symptoms should not be an absolute indication for surgical 
resection [91]. Radiation therapy, in particular radiosurgery, can provide sustained 
control in patients with multiple or surgically inaccessible solid hemangioblasto-
mas. Radiosurgery does not control the growth of associated cysts [92]. 
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Chemotherapy to date has not yielded good tumor control rates. Targeted therapy, 
such as vascular endothelial growth factor (VEGF) inhibitors, and gene replacement 
therapy are under investigation.

Renal cell carcinoma and pheochromocytoma in VHL. Renal cell carcinoma 
(RCC) is the most common malignancy in VHL patients occurring in 24–45% of 
cases. In contrast to sporadic RCC, VHL-related RCC tends to be multifocal, bilat-
eral and highly recurrent, although its metastatic potential is low. It has a clear cell 
appearance and is an important cause of death in VHL patients [90, 93]. Once iden-
tified, surgery is the treatment of choice with partial nephrectomy or radio frequency 
ablation when there is limited tumor involvement. Total nephrectomy or even bilat-
eral nephrectomy is reserved for those patients with extensive tumor involvement, 
recognizing that renal dialysis is possibly required after surgery to sustain life [94]. 
Although the risk of RCC varies in different subtypes of VHL disease, in the most 
common forms the lifetime risk is 70% with 40 years of age being the mean age at 
clinical diagnosis.

Pheochromocytoma is a rare tumor and is present in about 0.2% of patients 
presenting with hypertension [95]. The majority of pheochromocytomas are spo-
radic; however, 15–20% are inherited as a part of the familial disorder. Familial 
pheochromocytoma are associated with von Hippel-Lindau (VHL) disease and 
multiple endocrine neoplasia II (MEN II) [96]. VHL disease accounts for 50% of 
patients with apparently isolated familial pheochromocytoma and 11% of patients 
with an apparently sporadic pheochromocytoma [93]. Mean age at diagnosis of 
pheochromocytoma in VHL disease is around 30 years. Both adrenal and extra- 
adrenal pheochromocytoma can occur in VHL disease. Pheochromocytoma dif-
fer from hemangioblastoma and clear cell renal cell carcinoma in that they are 
not richly vascularized and they are involved in several other tumor syndromes 
[93]. Genetic testing for VHL gene and radiological screening tests may be con-
sidered to establish early diagnosis in other members of familial pheochromocy-
toma [97].

12.4.4  Spinal Cord Tumor in von Hippel-Lindau disease

VHL disease accounts for approximately 10% of patients with an intramedullary 
spinal hemangioblastoma. On the other hand, up to 25% of patients with intramed-
ullary hemangioblastomas will have evidence of VHL [98]. The tumor tends to 
occur in dorsal or dorsolateral parts of the spinal cord with pial attachment. They 
show a cervical predominance when they occur in association with VHL and typi-
cally present with progressive sensory deficits or proprioceptive deficits. Patients 
with VHL tend to become symptomatic at an earlier age [99].

MRI is the diagnostic test of choice for intramedullary hemangiomas (Fig. 12.5). 
MRI findings demonstrate “flow-void” phenomenon that reflects prominent feeding 
arteries or draining veins. Heterogeneous enhancement pattern also represents a 
vascular tumor parenchyma, comprising closely packed blood vessels interspersed 
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with stromal cells [100]. Regardless of tumor size, they are often associated with 
significant edema and syrinx formation [101].

Microsurgical resection is the primary treatment for intramedullary hemangio-
blastomas of the spinal cord (Fig. 12.5). The indications for surgical resection in 
the setting of sporadically occurring spinal cord hemangioblastomas differ from 
those occurring in VHL patients. Resection is necessary in patients with sporadic 
tumors both for diagnosis and to ameliorate symptoms. In the VHL patients with 
intramedullary hemangioblastomas, the surgical indications are based on the pres-
ence of symptoms and signs. Therefore, asymptomatic tumors may be followed 
clinically/radiographically and should be resected only when they become symp-
tomatic. Preoperative spinal angiography can be of value prior to surgery in help-
ing to determine the location and the nature of the feeding artery and delineate 
vascular supply [102]. Preoperative embolization may serve as an adjunct to sur-
gery for those associated with arteriovenous shunt, for cord dysfunction related to 
venous congestion, or in cases harboring the risk of torrential intraoperative bleed-
ing [103].

Clinical series have demonstrated that these lesions can be resected safely with 
preoperative neurological function serving as the best predictor of neurological out-
come after surgery. Anatomically, hemangioblastomas arise from the pial layer and 
are considered juxta-medullary, but can exhibit an encapsulated component [104]. 
Surgical resection is complicated by the risk by of bleeding and local ischemia dur-
ing surgery [105]. Complete resection is possible with the use of microsurgical 
techniques [106]. Targeted therapies, such as SU5416 (VEGF inhibitor), thalido-
mide, and bevacizumab (pan-VEGF inhibitor), have been reported to stabilize the 
disease in small case series [107–109].

a

b

c d

Fig. 12.5 Coronal (a) and axial (b) MRI with gadolinium identifying intramedullary hemangio-
blastomas of the thoracic spinal cord. Intraoperative view of the hemangioblastomas (c, d)
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12.5  Conclusion

Our understanding of VHL has come a long way since Van Der Hoeve described 
these three disorders (neurofibromatosis, tuberous sclerosis, and von Hippel-Lindau 
syndrome) according to their ophthalmologic manifestations in 1923, and the later 
discovery of the NF1, NF2, and VHL genes in the early 1990s. Now, advanced tech-
niques of microsurgical technique and stereotactic radiosurgery set a high bar for 
tumor treatment. New targeted therapies are showing promise for CNS tumors aris-
ing in this population of at-risk individuals. However, CNS tumors, including spinal 
cord tumors associated with the neurofacomatosis, comprise a group of tumors that 
are histologically benign, but have significant clinical consequences. Multi- 
disciplinary management with early diagnosis is the mainstay of management. 
Hopefully a more advanced understanding of the molecular mechanisms will trans-
late to new targeted therapies or perhaps gene replacement therapies which will 
revolutionize the outcomes in this group of patients.
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13Spinal Cord Astrocytomas
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13.1  Introduction

Astrocytomas are the most common intramedullary tumors in children and occur 
secondary to ependymomas in adults [1–3]. The great majority of patients with 
astrocytomas have solitary tumors [3]. However, intramedullary astrocytomas may 
be encountered together with other spinal tumors in patients with neurofibromatosis 
type 1 (NF-1) or type 2 (NF-2) [3]. Astrocytomas in adults carry a better prognosis 
then their pediatric counterparts [4]. They are often infiltrating tumors and radical 
resection is not always possible [3]. For the purpose of this chapter, we concentrated 
mostly on low-grade astrocytomas in adults.

Spinal cord astrocytomas have different biomarkers than supratentorial astrocy-
tomas. The 2016 World Health Organization (WHO) classification of tumors of the 
central nervous system introduced a novel classification for astrocytomas. One 
characteristic of astrocytomas is a major restructuring of diffuse gliomas with incor-
poration of genetically defined entities [5, 6]. In the new classification, the diffuse 
gliomas include WHO grade II and grade III astrocytic tumors, grade II and III oli-
godendrogliomas, grade IV glioblastomas, as well as the related diffuse gliomas of 
childhood. WHO grade II diffuse astrocytomas and WHO grade III anaplastic astro-
cytomas are now each divided into isocitrate dehydrogenase (IDH)-mutant, IDH- 
wildtype and not otherwise specified (NOS) categories [5].
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This classification leaves the kinds of astrocytomas that have a more circum-
scribed growth pattern, and lack IDH gene family alterations and frequently 
BRAF alterations (pilocytic astrocytoma, pleomorphic xanthoastrocytoma) or 
TSC1/TSC2 mutations (subependymal giant cell astrocytoma) distinct from the 
diffuse gliomas [5].

13.2  Epidemiology

Intramedullary spinal cord astrocytomas account for 6–8% of all primary spinal 
cord tumors [7–11]. Low-grade histologic findings, which include diffuse and pilo-
cytic astrocytomas, are more common (75–90%) than high grade findings, such as 
anaplastic astrocytomas and glioblastoma [7–11]. Patients present at an average age 
of 29 ± 18 years with an equal age distribution spanning from 1 week to 69 years 
[3]. According to the literature, the average patient history can last from 13 to 30 
months [3], with a considerably shorter history for malignant astrocytomas com-
pared with benign astrocytomas.

13.3  Molecular Biology and Biomarkers

Astrocytomas arise from glial cell predecessors that infiltrate the spinal cord. These 
tumors can be divided in subtypes following the new 2016 WHO grading scale: 
Grade I gliomas (pilocytic astrocytoma and subependymal giant cell astrocytoma), 
and diffuse astrocytomas (Grade II and Grade III [anaplastic astrocytoma] and 
Grade IV [glioblastoma multiforme] with their distinct subtypes) [5, 6] The term 
“low-grade” Astrocytomas is usually reserved for WHO I and II tumors.

Spinal cord diffuse astrocytomas (WHO Grades II and III) are known not to har-
bor IDH1/2 mutations as do many of their supratentorial counterparts, which sug-
gests mIDH1-IHC may only rarely be of diagnostic help in the context of small 
biopsies from infratentorial and spinal cord tumors [12]. An H3F3A K27 mutation 
(histone K27 M-H3.3) was demonstrated in patients with pediatric and adult spinal 
cord astrocytomas [12, 13].

Spinal pilocytic astrocytomas constitute 90% of intramedullary spinal cord 
tumors in patients younger than 10 years and 60% of those in adolescent patients 
[14]. In the spinal cord, BRAF–KIAA1549 fusion genes are common in pilocytic 
astrocytomas [15]. Deletion of the tumor-suppressor gene cyclin-dependent kinase 
inhibitor 2A (CDKN2A, also known as p16) was shown as to be a common muta-
tion in pilocytic astrocytomas with loss of heterozygosity (LOH) at 9p21 (which 
encompasses CDKN2A), or at 10q23 (which encompasses the phosphatase and ten-
sin homologue gene) in 31.6% and 50.0% of pilocytic astrocytomas, respectively 
[16]. Further genes of interest in the molecular biology of spinal cord astrocytomas 
are CDKN2A, H3F3A (identified as epigenetic marker of midline or spinal GBM), 
NF-1, TP-53, ATR-X and PTEN [17].
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13.4  Symptoms

Symptoms of astrocytomas of the spinal cord in adults are dependent on the location 
of the lesion, tumor growth pattern, tumor volume, and histological grade where 
low-grade lesions have longer history. Most common symptoms of intramedullary 
tumors are pain, gait ataxia, motor weakness, sensory deficits, dysesthesias, and 
sphincter problems [2, 4, 9, 18–26]. With malignant tumors, many patients com-
plain about pain, gait ataxia, or motor weakness immediately [3]. A comparison of 
benign and malignant tumors revealed no significant differences in the clinical pic-
ture apart from the considerably shorter history for malignant tumors [3]. Sensory 
deficits showed negative correlation with survival [27], perhaps because these are 
less likely to prompt patients to seek medical care, compared with motor deficits, 
potentially delaying diagnosis and treatment and resulting in worse outcomes.

13.5  Diagnosis

Magnetic resonance imaging (MRI) of the spine with and without gadolinium in 
axial, coronal, and sagittal projections reveals precise spinal level with the upper 
and lower border of the tumor, demarcation toward the normal cord, and the orienta-
tion of the tumor within the cord, as well as the differentiation between solid tumor 
and the cyst and syrinx. The resectability of an intramedullary tumor cannot be 
always predicted by MRI [3]. The extension of the lesion on the sagittal plan calcu-
lated on preoperative MRI was reported to be the only predictive factor associated 
with the immediate postoperative outcome and the short-term follow-up [26]. 
Presence and pattern of contract enhancement uptake may differentiate between 
malignant and benign lesions [3]. If a recurrent tumor has to be operated on, func-
tional X-ray may be helpful to evaluate for possible spinal instability, resulting from 
the previous operation. Furthermore, a computed tomography (CT) scan with bone 
window, including sagittal and coronal reconstruction, may be helpful to determine 
exposure of the “healthy virgin” dura, as it demonstrates bony landmarks for the 
dissection of epidural scar tissue [3].

Astrocytomas often take up contrast inhomogeneously on T1-weighted images. 
Cysts accompany these tumors less often—42.5% in one series [3]. On axial scans, 
astrocytomas are often eccentric and may transgress the pia mater to grow exophyti-
cally. Astrocytomas may torque the spinal cord and infiltrate spinal nerve roots. 
Some astrocytomas do not take up gadolinium at all. To determine the exact exten-
sion of an astrocytoma, T2-weighted images may be extremely helpful as they tend 
to show a better demarcation toward normal cord tissue than do T1-weighted images 
[3]. Specifically, astrocytomas tend to have slightly fewer well-defined margins and 
are more likely to be eccentrically located within the spinal cord. Lesions on the 
spinal cord appear as isointense or hypointense when viewed on Tl-weighted imag-
ing, and as hyperintense on T2-weighted imaging; these lesions can be enhanced 
with contrast despite their low histological grade [7].
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Cysts usually accompany high-grade astrocytomas [10]. In contrast to this, 
syrinx is more specific for low-grade astrocytomas. This could be due to the fact 
that low-grade tumors have fewer infiltrates than high-grade tumors, resulting in 
a greater impact on cerebrospinal fluid (CSF) flow [10]. Presence of syrinx and 
cyst has also been viewed as positive prognostic parameter by some authors [19, 
21, 22, 28, 29].

Zhao et al. divided spinal cord astrocytomas according to axial diffusion tensor 
tractography (DTT) in 2 types [30]: Type I (infiltrative; stage IA with infiltration 
and stage IB with destruction) and Type II (with displacement; with cysts). Axial 
diffusion tensor tractography (DTT) showed reliable prediction of resectability in 
patients with cervical spinal cord astrocytomas with type II tumors being gross 
totally resected [30].

13.6  Treatment

For treating low-grade primary spinal cord gliomas, gross total resection is consid-
ered the best treatment and has an excellent local control rate [3, 31]. The “ideal” 
goal of treatment should be radical gross total resection of tumor while preserving 
and improving neurological function to normal. Figures 13.1, 13.2, 13.3, 13.4 and 
13.5 show clinical examples of patients with low-grade astrocytomas treated by the 
senior author (KIA) with radical resection and improved and resolved neurological 
deficit. There is currently no gold standard treatment for malignant primary spinal 
cord glioma [10, 20, 32].

Table 13.1 summarizes the available literature on surgically treated spinal cord 
astrocytomas in adults (1992–2017). We included all studies reporting spinal cord 
astrocytomas with significant numbers of cases in the series (n > 20) and/or all stud-
ies with intramedullary spinal cord tumors that had a significant number of 

a b c d

Fig. 13.1 Imaging of a 45-year-old female patient with severe low back pain, weakness of lower 
extremities, and perineal numbness. MRI of the total spine with and without contrast showed intra-
medullary lesion in T12–L1. (a) Sagittal T1-weighted post-contrast MRI of the lumbar spine 
shows well-demarcated homogenously enhanced intramedullary lesion (arrow). (b) Sagittal 
T2-weighted MRI of the lumbar spine. (c) Sagittal T2-weighted MRI of the lumbar and thoracic 
spine. (d) Axial post-contrast T1-weighted MRI showing the intramedullary tumor at T12. The 
lesion was resected and the pathohistological diagnosis showed the diagnosis of anaplastic astro-
cytoma (Grade III)

M. Pojskić and K. I. Arnautović



215

a b c

Fig. 13.2 Postoperative MRI of the spine with and without contrast showing the complete 
lesion resection. (a) T1-weighted post-contrast sagittal MRI of the lumbar spine. (b) T1-weighted 
post- contrast sagittal MRI of the thoracic spine. (c) T2-weighted axial MRI of the resection cav-
ity at T12

a b c

e fd

Fig. 13.3 Imaging of a 58-year-old male patient with history of weakness of lower extremities 
and sensory level at T1. MRI of the total spine with and without contrast showed intramedullary 
lesion in T1–T2 (arrow). (a) Sagittal T2-weighted MRI of the thoracic spine. (b) Sagittal post- 
contrast T1-weighted MRI of the thoracic spine. (c) Axial T2-weighted MRI of the intramedullary 
lesion at T1. The lesion was resected and the pathohistological diagnosis showed the diagnosis of 
low grade astrocytoma. (d) Sagittal T2-weighted MRI showing complete resection of the tumor. 
(e) Sagittal post-contrast T1-weighted MRI of the cervicothoracic spine. (f) Axial T2-weighted 
MRI showing the resection cavity
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astrocytoma cases. We also included studies with mixed pediatric and adult cohort 
of patients with spinal cord astrocytomas in which a significant percentage of adult 
cases were available.

We identified 20 large studies that evaluated surgical results of adult low-grade 
spinal cord astrocytoma treatment. There is not a single study that evaluated patients 
with only low-grade pathology; our literature review therefore includes studies that 
included more than 50% of patients with pilocytic astrocytomas and WHO Grade I 
and II tumors. Three of these studies included mixed cohorts of adult patients with 
intramedullary spinal cord tumors that included a significant number of astrocytoma 
cases [2, 11, 24, 31], and 1 study that evaluated a mixed cohort of adult and pediatric 
astrocytomas [3].

All of the studies were retrospective. The number of cases ranged from 23 to 136 
[29, 33]. The largest study by Minehan et al. included 136 cases of adult spinal cord 
astrocytomas with mean age of presentation of 34.7 years [33]. This was also the 

a b

c d

Fig. 13.4 Imaging of a 61-year-old female patient with diabetes and worsening gait. The patient 
was followed for years with an intramedullary lesion at T1. (a) Sagittal T2-weighted MRI of the 
thoracic spine showing the hyperintense intramedullary lesion at T1 (arrow). (b) Axial T2-weighted 
MRI of the thoracic spine at the same level. (c) Six-year follow-up showing growth of the lesion at 
T1 in sagittal T2-weighted MRI of the thoracic spine (arrow). (d) Axial T2-weighted MRI of the 
thoracic spine
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only study with more than 100 cases. Mean age of presentation ranged from 28.3 
years to 41 ± 17 years [27, 31]. Younger age was found to be associated with longer 
progression free survival and local control in 2 studies [34, 35]. There was no sig-
nificant gender predisposition. There is a slight tendency toward tumor occurrence 
in the cervical and thoracic region compared with the lumbar spine.

There are currently no prospective studies that evaluate the outcome in patients 
with spinal cord astrocytomas. However, the current retrospective data allows for 
several conclusions to be made about surgical treatment. Although gross total resec-
tion is considered to be a gold standard for low-grade spinal astrocytomas and extent 
of surgical resection showed significant association with survival and reduces risk 
of disease progression [1, 4, 21, 24], studies of low-grade spinal cord astrocytomas 
are very heterogeneous concerning the treatment modality. In the largest study by 
Minehan et al., only 16% of patients underwent gross total resection, and only a 
further 25% underwent subtotal resection [33]. Gross total resection rates vary 
between 5 and 67% [36] with only 1 study that reported 100% gross total resection 
[8]. Ardeshiri et al. report 72.7% [37] and Fakhreddine et al. reported a 55% [27] 
rate of gross total resection, whereas remaining the studies report rates between 
12% [18] and 30% [26].

Median overall survival for low-grade astrocytomas was reported between 91 
and 156 months (7.58–13 years). Five-year survival for low-grade lesions (WHO 
Grades I and II) was between 54–78%, whereas the pilocytic astrocytomas exam-
ined in 3 studies had a longer median overall survival and 5-year survival up to 

a b c d

e f g h

Fig. 13.5 Preoperative post-contrast MRI of the cervical and thoracic spine showing the intra-
medullary lesion at T1 (arrow). (a) Sagittal T2-weighted MRI of the cervicothoracic spine. (b) 
Sagittal T1-weighted post-contrast MRI of the cervicothoracic spine. (c) Axial T2-weighted MRI 
of the cervicothoracic spine. (d) Axial T1-weigted MRI of the thoracic spine, post-contrast. The 
lesion was resected, the pathohistological diagnosis showed low grade astrocytoma WHO Grade 
II. Post-operative MRI showed the complete resection of the tumor. (e) Sagittal T2-weighted MRI 
of the cervicothoracic spine. (f) Sagittal T1-weighted post-contrast MRI of the cervicothoracic 
spine. (g) Axial T2-weighted MRI of the cervicothoracic spine. (h) Axial T1-weigted MRI of the 
thoracic spine, post-contrast
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85.4% compared with infiltrative astrocytomas [27, 33, 38]. The strongest predict-
ing factor of functional outcome is the preoperative neurological condition. 
Pathological grade (i.e., low-grade vs. high-grade), as well as favorable functional 
outcome, are the strongest predictors of increased survival. Most studies showed 
that more than 50% of the patients either remain unchanged or worsened following 
surgery. Adjuvant therapy was performed in most of the patient cohorts with rate of 
postoperative radiotherapy of 23–100% [3, 34], whereas most patients with higher 
grades underwent adjuvant radiotherapy or combined radiochemotherapy.

Postoperative neurological decline was reported in 21–57% of patients who 
underwent resection of the tumor [18, 19, 23, 35, 39]. Interestingly, the majority of 
series examining adult spinal cord astrocytomas do not specify operative complica-
tions, whereas postoperative worsening of deficits is more attributed to the infiltra-
tive growth of the lesion or progression of the disease rather than to surgical events. 
It has been argued whether neurological decline in astrocytoma cases was a function 
of surgical resection or tumor growth. However, if the majority of neurological 
decline was observed at the patient’s last clinic follow-up visit and not in the imme-
diate postoperative period, tumor progression may be a possible mechanism of neu-
rological decline [40]. Late morbidity was commonly observed in the form of 
neuropathic pain syndromes and rarely as a postoperative myelopathy [31].

13.7  Surgical Technique

The details of the surgical resection of a low-grade astrocytoma are demonstrated in 
our surgical videos (see online edition of this chapter). For the prone position, the 
patient is first anesthetized in the supine position on a bed or stretcher. To move the 
patient into the prone position, we use a log roll maneuver. Once the patient has 
been successfully turned, the head will face down in a head support device. The eyes 
should be gently taped shut and protected from any pressure. The patient’s chin 
must be free of the table and frame. We prefer to use chest rolls in form of rolled 
sheets, as they are less traumatic to the breasts in female patients. The arms are 
positioned at the patient’s side with the palms facing the patient and the thumbs 
down for the cervical and upper thoracic spine location. Anteroposterior cervical 
spine X-rays are helpful to determine levels in thoracic spine while lateral X-rays 
illustrate cervical and lumbar locations.

For lower thoracic and lumbar spine locations, we use a Jackson (“Carbon”) 
table and arm-rests with paddings for elbows and axilla areas. To prevent nerve 
compression, appropriate supportive padding should be used as a general rule under 
bony surfaces where superficial nerves are known to travel. The armpits, elbows, 
and hands are padded. The patient’s feet should be kept off the bed surface to pre-
vent pressure sores. Padding should be placed under each patella of the knee joints. 
A pillow should be placed under the ankle joints to elevate the foot to relieve tension 
on the sciatic nerve and to prevent the toes from resting on the operating room table 
mattress. Once the positioning is completed, we determine the correct spinal level 
under fluoroscopic control [3]. Lateral views are more helpful in cervical and 
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lumbar locations, while anterior-posterior views are more commonly used in tho-
racic spinal locations. Electrodes for spinal neurophysiologic monitoring are usu-
ally placed before turning the patient prone.

We utilize Yasargil bipolar forceps with different progressive lengths and differ-
ent tip sizes, which we use commensurate with intraoperative distances and surgical 
situation. Also, we use Yasargil controlled suctions of different sizes with which we 
can dial the strength of the suction according to intraoperative needs. Micro scissors 
of different sizes—straight and curved with blunt and sharp tips in different 
lengths—are used according to intraoperative situation and tactic.

The exposure of an intramedullary tumor is done usually from the posterior- 
dorsal aspect of the spinal cord with the patient in the prone position. A midline 
incision is performed in the fascia and the paravertebral spinal muscles are usually 
split bilaterally from spinous processes and laminas of spine. Small laminotomy [3] 
or conventional laminectomy can be performed. We recommend laminectomy in the 
thoracic and lumbar spine when the tumor is confined to 1 or 2 segments. In the 
cervical spine, a classical or open-door laminoplasty may be the method of choice, 
particularly if dealing with 3 or more levels or in younger patients. In tumors extend-
ing on more than 2 segments, especially in transitional areas (e.g., between cervical 
and thoracic spine, or thoracic and lumbar spine), additional stabilization may be 
considered.

The dura is opened in the midline and tacked to the surrounding muscle tissue 
with dural tacking sutures, usually 4-0 Nurolon (Ethicon, Somerville, NJ). The 
arachnoid is opened separately with micro scissors or micro knife, and delicately 
freed from the posterior or lateral spinal cord, keeping it intact for closure at the end 
of surgery. Ligaclips are applied to hold the arachnoid membrane to the dura. In 
most instances, the myelotomy is done in the midline. One exception from this rule 
may be when the lesion is located in 1 dorsal column and is apparent on the surface 
without any cortical mantle on one side of the spinal cord. Recognition of the mid-
line to perform the myelotomy may be difficult because the spinal cord is frequently 
rotated and enlarged with loss of definition of the posterior median sulcus. In that 
situation, recording of sensory-evoked potentials or utilization of the intraoperative 
ultrasound is helpful to ensure staying on the median sulcus when separating both 
posterior columns.

If the tumor is located laterally, the dorsal root entry zone may be used for entry. 
We recommend opening through the posterior median sulcus over the entire length 
of the tumor (retraction and opening of the dorsal columns as if they were “pages of 
a book”) as the first step of dissection. This can be done with micro knife or micro 
scissors to cut the pia mater with the remainder of the cord splitting between the 
dorsal columns performed usually with blunt instruments, such as utilizing opening 
spring of Yasargil bipolar forceps. This maneuver is continued to expose the rostral 
and caudal aspects of the tumor. Next, we use 6-0 Prolene sutures (Ethicon, 
Somerville, NJ), which we anchor to the edges of the pia mater and suspend to the 
dura in order to keep the cord open (i.e., “like the book”) and reduce the micro 
trauma to the cord due to repeated dissection. This maneuver minimizes manipula-
tion of the spinal cord during tumor removal, protects the lateral spinal cord 
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surfaces from micro injury, and may later facilitate the determination of tissue 
planes considerably after the tumor has been debulked. The tumor micro dissection 
in latero-lateral direction rather than superior-inferior direction minimizes micro 
trauma to the spinal cord and enables easier creation of the tumor-spinal cord mar-
gin by sharp dissection. Micro dissectors can also be used for this purpose.

Tumor size reduction may be achieved by either coagulation or debulking of the 
tumor. Tumor debulking relieves possible mass effect on the surrounding spinal 
cord tissue, allowing a certain degree of functional recovery. Any lateral dissection 
attempted at the beginning of debulking carries the risk of applying a lot of pressure 
to the surrounding cord. Debulking can be done with tumor forceps, sharp dissec-
tion, or ultrasound aspiration.

Once sufficient debulking or shrinking of the tumor has been achieved, the tumor 
margins should be dissected toward the surrounding cord. Often, the tumor infil-
trates the spinal cord and searching for a plane that does not exist may represent a 
risk. In that case, preoperative recording of motor-evoked potentials (MEPs) com-
pared with intraoperative MEPs may be essential for preserving neurological func-
tioning and patient quality-of-life. With infiltrating tumors, debulking is continued 
as long as the surgeon can remain safely inside the tumor, assess the interface 
between the tumor and the normal spinal cord tissue, and then attempt to create a 
sharp margin between the two. Fine forceps, micro-dissectors, or sharp dissection 
with micro scissors or micro knife can be used to create a margin at the interface 
between the tumor and the normal spinal cord tissue. However, astrocytomas may 
be diffusely infiltrating tumors. Therefore, the identification or creation of cleavage 
planes may be difficult and should be done with the aid of intraoperative use of 
neuro-monitoring and ultrasound and substantial clinical and operative experience 
and judgement. The intraoperative finding of a clear tumor plane of resection carries 
positive prognostic significance. In tumors with ill-defined margins and/or the 
inability to create them, an ultrasonic aspirator can be used to debulk the mass. 
Tumor feeding vessels may come from all angles and will not originate from the 
anterior spinal artery as regularly as in the case of ependymomas. As long as the 
tissue appears pathologic, debulking can be continued. In some cases, a clear dis-
section plane can be followed all around the tumor or in most places.

Hemostasis is achieved using bipolar coagulation and surgically as well. Pial 
closure is done with 7-0 Prolene sutures, and arachnoid closure is done by approxi-
mating the edges with bipolar coagulation. Dural closure is performed with 4-0 
Neurolon stitches with application of previously harvested fat graft in prevention of 
cerebrospinal fluid-leak [42].

13.8  Surgical Complications

Complications of the surgery may include cerebrospinal fluid fistula, pseudomenin-
gocele, intraoperative bleeding, spinal cord infarction, epidural hematoma, opera-
tive spinal cord injury and edema, immediate postoperative worsening of the 
neurological deficits, respiratory failure, and wound infection [11, 40]. An overall 
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rate of permanent surgical morbidity in intramedullary tumors ranges between 18% 
and 34.6% [31, 36]. It has been reported that the incidence of acute perioperative 
neurological decline in patients with intramedullary spinal cord tumors increases 
with patient age, but improves to baseline in nearly half of patients within 1 month. 
Long-term improvement in motor, sensory, and bladder dysfunction may be 
achieved in a slight majority of patients, and occurs more frequently in patients in 
whom a surgical plane can be identified [43].

Cerebrospinal fluid fistulas are a common complication [31]. These fistulas 
may be avoided by using a tight running suture of the dura and fat graft, and tight 
sutures of the muscular layers, which appear to be the strongest barrier against 
cerebrospinal fluid [31, 42]. We use 4-0 Nurolon stitches for dural closure, check-
ing for possible cerebrospinal fluid leak by using a Valsalva maneuver exercised 
by an anesthesiologist and applying previously harvested fat graft from the abdo-
men for watertight suture [42]. This fat graft utilization helps prevent pseudo-
meningocele and also epidural hematoma formation by eliminating the “dead 
space” created after laminectomy and also negative pressure that may favor cere-
brospinal fluid leak.

In patients undergoing a second operation on a tumor, the muscles may be atro-
phic from the previous operation and may no longer provide a good barrier against 
leakage. Transient neurological deficits are not uncommon. Postoperative sensory 
deficits may be a consequence of the myelotomy required to reach an intramedul-
lary tumor [31]. The longitudinal extent and, thus, the length of the myelotomy were 
found to correlate with postoperative sensory dysfunctions in several studies [31, 
44]. Postoperative tethering can be seen in up to 37% of postoperative MRIs [31], 
but only about 5% of these patients developed clinical signs of myelopathy unre-
lated to tumor progress [31]. Nine out of 15 patients in one series experienced 
immediate worsening of neurological status postoperatively with an increased pare-
sis and aggravated sensory deficit in which MRI was uneventful in all of these cases 
[44]. New neurological deficits, especially ataxia, could improve over time [42]. In 
their series, Klekamp et al. reported that long-term morbidity affected 3.7% patients 
with a postoperative myelopathy related to cord tethering at the level of surgery, and 
21.9% in the form of neuropathic pain syndromes [31]. The rate of postsurgical cord 
tethering could be lowered significantly by using pial sutures after tumor resection. 
Neuropathic pain syndromes were more common after surgery for tumors with 
associated syringomyelia or those located in the cervical cord [31].

Complications associated with prone position may include ophthalmic injury 
and pressure injuries [45]. Ophthalmic injuries include retinal artery occlusion, cor-
neal abrasion, and ischemic optic neuropathy with postoperative visual loss [46]. 
Pressure injuries include pressure necrosis of the skin, contact dermatitis, tracheal 
compression, salivary gland swelling, mediastinal compression, visceral ischemia, 
peripheral vessel occlusion, and limb compartment syndromes. Deep venous throm-
bosis (DVT) with venous air embolism (VAE) may also occur in patients in the 
prone position with the reported range of 10–25% [47]. Complications due to anes-
thetic technique include dislodgement of the endotracheal tube, which can be pre-
vented with use of non-kinking endotracheal tube [48].
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13.9  Extent of Resection

Gross total resection is a gold standard in surgery of low-grade astrocytomas. Extent 
of surgical resection shows a significant association with survival and reduces risk 
of disease progression [1, 4, 21, 24]. It is mainly reserved for pilocytic and for WHO 
Grade II tumors [3, 22]. Low-grade astrocytoma complete resection rates vary 
between 5% and 67% [36] (Table 13.1). One large study on surgical treatment of 
intramedullary spinal cord tumors showed that an intraoperatively identifiable 
tumor plane and decreasing tumor size were associated with gross total resection 
independent of histological tumor type [43].

Various studies reported postoperative neurological decline in 21% to 57% of 
patients who underwent resection of the tumor [18, 19, 23, 35, 39]. The most impor-
tant factor in predicting gross total resection are preoperative neurological status or 
high preoperative McCormick grade [31]. Other strong predictors were adult age, a 
high spinal level, presence of a syrinx, and first surgery on the tumor. The remaining 
factors predicting gross total resection were benign histological grade, no arachnoid 
scarring, a short preoperative history, and an experienced surgeon [31].

Increasing rates of complete resection in patients with intramedullary astrocyto-
mas might be the result of a combination of increased surgical experience, refine-
ments in surgical techniques and the routine use of electrophysiological monitoring 
during surgery, which encourage the surgeon to a more radical approach [37].

13.10  Specific Surgical Aspects

13.10.1  Management of Blood Pressure during Spinal Surgery

Keeping normovolemia is mandatory to avoid intraoperative hypotension [49]. The 
prone position during spinal surgery is associated with reduced stroke volume, car-
diac index, raised central venous pressure, and low blood pressure [46]. It is important 
to maintain euvolemia and monitor fluid responsiveness by pulse pressure variation 
and stroke volume variation [50]. An arterial line is also recommended as a means to 
monitor real-time blood pressure as well as monitor of intravascular volume (central 
venous or pulmonary artery catheter). Moderate degrees of hypotension (80–90 mmHg 
systolic, 20–30% below baseline) are efficacious at reducing blood loss in patients with 
major spinal surgery, and safe in any patient without specific risk factor [51].

13.10.2  Intraoperative Ultrasonography and Ultrasound- Based 
Neuronavigation

The first reports on the application of US-based neuronavigation systems in spinal 
cord surgery showed good utility of this method in guiding the surgical resection 
[52, 53]. However, its application has been shown to be useful only in resecting 
extramedullary tumors as the implementation of 3D sonography in intramedullary 

13 Spinal Cord Astrocytomas



234

tumors would be possible after the elimination of motion artifacts caused by respira-
tion [54]. Use of non-navigated intraoperative ultrasonography with use of high- 
frequency linear probes (10–12 MHz) was beneficial in confirmation of tumor 
location and extension, planning myelotomy, and estimation of degree of resection 
of the intramedullary tumors. They were particularly helpful in guiding the approach 
to redo surgeries for recurrent spinal cord tumors [55].

13.10.3  Intraoperative Monitoring

Modern surgery of spinal cord astrocytomas is performed with neuro-monitoring. 
The preservation of MEPs correlates closely with postoperative motor function. A 
decline of 50% or more in MEPs amplitude is a warning sign that the tumor is 
almost infiltrative [56]. Setting the critical point to loss of MEP waveform and a 
50% reduction of the D-wave yields better surgical outcomes compared with 
changes in SSEPs, which means surgery should be abandoned when these values 
are reached [57]. Suspending surgery when the waveform becomes aggravated and 
recontinuing later when the waveform has improved or abandoning the resection 
altogether when the waveform becomes multiphasic again or is lost leads to better 
postoperative outcomes in gait of patients with intramedullary spinal cord tumors 
[58]. Furthermore, neuro-monitoring assists in various steps of the surgical resec-
tion, even at the beginning of the surgery in finding the midline, which can be dis-
placed by large and cystic tumors [56]. Real-time monitoring with constant 
free-running electromyography is also performed intraoperatively, which is useful 
for monitoring nerve root irritation and compression [58, 59]. Again, neuro- 
monitoring is a great and important intraoperative tool, but the final judgement on 
the extent of surgical resection, intraoperative maneuvers, and tactics rests on shoul-
ders of an operative neurosurgeon.

13.10.4  Fluorescein Guided Surgery

Several studies suggested that the use of 5-ALA (5-aminolevulinic acid) fluores-
cence could be beneficial, especially in intramedullary gliomas [60]. Bright intraop-
erative fluorescence marking the border between the tumor and the spinal cord tissue 
was shown with use of fluorescein in pilocytic astrocytomas but was absent in Grade 
II astrocytomas [61]. This study showed that gadolinium uptake in T1-weighted MRI 
sequences could be shown intraoperatively as a fluorescent mass, using SF (salt mass 
of fluorescein) with a dedicated filter in the surgical microscope [61].

13.10.5  Postoperative Instability of the Spine

Laminoplasty is a safe method that preserves spinal stability and can be used in 
patients with tumor extension of 2 or more levels [44, 62]. Laminoplasty and 
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laminectomy were associated with similar functional outcome scores in one study 
[44]. It has been assumed that adult patients with astrocytomas are at low-risk for 
postoperative kyphoscoliosis following laminectomy [7]. Laminoplasty for the 
resection of intradural spinal tumors was not associated with a decreased incidence 
of short- term progressive spinal deformity or improved neurological function [63]. 
However, it may be associated with a reduction in incisional cerebrospinal fluid 
leak [63].

13.11  Surgical Outcome and Survival

We differentiate 2 types of outcome in the surgery of spinal cord astrocytomas: 
surgical outcome and overall outcome. Surgical outcome assesses the following: A) 
The neurological status after the surgery by noting deficits, or using Nurick Grade, 
McCormick Scale, or Frankel scale), B) Extent of resection, and C) complication 
rate. Overall survival is influenced mainly by the histological type of the tumor. 
Table  13.1 summarizes the most important surgical series of the spinal cord 
astrocytomas.

13.11.1  Surgical Outcome

Over the course of the past 30 years preoperative diagnostics, surgical technique, 
and intraoperative neuro-monitoring has significantly developed so that the reported 
results of surgical outcome show significant positive trends. Permanent surgical 
morbidity has now been reported between 14 and 21%, and most studies show that 
more than 50% of patients either remain unchanged or worsen following surgery 
(Table 13.1). The strongest predicting factor of functional outcome is the preopera-
tive neurological condition [36, 64]. The timing of surgery is one of the crucial 
points for good outcome; these lesions should be operated before neurological dete-
rioration occurs [56, 65].

13.11.2  Survival

Survival rates were shown to be influenced by histological grade, local recurrences, 
and patient age [3, 66]. One study reported a median survival time for pilocytic 
astrocytomas of 39.9. years [33]. Median overall survival for low-grade astrocyto-
mas was reported between 91 and 156 months (7.58–13 years). Five-year survival 
for low-grade lesions was between 54–78%, whereas high-grade astrocytomas had 
overall survival between 9 months and 1.85 years (Table 13.1).

Pathologic grade is the strongest prognostic factor of overall survival and progres-
sion free survival in spinal cord astrocytoma [9, 10, 20, 21, 28, 29, 39]; however, it is 
not always concordant with biologic behaviors [10, 21]. Studies have shown more 
favorable outcome for low-grade tumors when compared with high- grade tumors, 

13 Spinal Cord Astrocytomas



236

one of which showed increased survival rates for Grade III tumors compared with 
Grade IV tumors [39]. Furthermore, increased survival was shown in patients with 
favorable functional neurological outcome [19, 20, 28, 29, 35, 39].

Some studies stated that neither progression-free intervals nor survivals were 
influenced significantly by the amount of resection, provided that a “good” reduc-
tion of tumor volume to decompress the spinal cord was achieved [3, 8, 19, 20, 43, 
67]. Given that low-grade astrocytomas were more likely to be grossly or totally 
resected than high-grade astrocytomas, surgical extent of resection alone may be a 
too simplistic as a prognostic factor [10].

Gender and race seem not to significantly influence survival [9, 19–21, 34, 35]. 
Female sex was found to influence 5-year overall survival and progression-free sur-
vival in two studies [28, 29]. In contrast, one population-based analysis showed 
male sex to be predictive of favorable outcome [4, 68]. Most studies so far fail to 
find correlation of age to survival [21], although Sandler et al. found patients with 
tumor recurrence to be older [69], and Lee et al. reported that older age adversely 
affects local control, progression free survival and overall survival [35]. Only one 
series showed correlation of cervical location of the tumor with better functional 
outcome [37] while two studies have shown positive correlation of thoracic region 
with survival [9, 23]. Increased survival in patients with longer history was reported 
only in two studies [9, 34].

13.12  Recurrence and Malignant Transformation

Evaluation of tumor recurrence rates for astrocytomas revealed low spinal level, 
malignant grade, and adult age as important independent predictors. Recurrence rate 
of astrocytomas after 10 years is between 42 and 48% [31, 40]. The rates correlated 
with the histological grade and the amount of tumor resection. One series showed the 
recurrence rate of 6.3% after gross total resection or subtotal resection within 10 
years, whereas partially resected or biopsied tumors recurred at a rate of 42.5% over 
the same time period [31]. Malignant transformation to anaplastic astrocytoma or to 
glioblastoma with extraneural metastases has been described [10, 28, 70].

We recommend postoperative follow-up after 3, 6, and 12 months post-surgery 
with MRI of the spine with and without contrast followed by yearly MRI evalua-
tions. A postoperative regular follow-up for low-grade lesions is mandatory for at 
least 10 years due to the risk of recurrence [26].

13.13  Adjuvant Treatment

13.13.1  Radiation Therapy

The value of postoperative radiotherapy for low-grade astrocytomas remains con-
troversial. The postoperative course of incompletely removed low-grade astrocy-
tomas is considered by most neurosurgeons as being so benign that radiotherapy 
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could be withheld and repeated surgeries undertaken [4, 27, 70]. A great number 
of low-grade astrocytomas remain stable over years, if not decades, without any 
adjuvant therapy [56]. Samii et  al. advise radiotherapy for patients with WHO 
Grade III and IV tumors only [3]. Following radical resection, reserving radio-
therapy for recurrent disease may be a reasonable option [8, 67]. In some series 
[69], overall survival of high-grade patients who had undergone radiation therapy 
was shorter than that of those who had not [10, 69]. The major factor influencing 
long term clinical course and survival is the histological grade and not the mode 
of treatment [28]. Addition of radiotherapy can be can be rationalized because the 
predominant pattern of failure is local [34]. Postoperative radiotherapy for intra-
medullary astrocytomas may be recommended for temporary local control [28] 
since radiation has been shown to significantly reduce the risk of disease progres-
sion in low and moderate- grade astrocytomas [21] and to improve survival in 
infiltrative astrocytomas [33].

13.13.2  Chemotherapy

As malignant tumors in this localization are very rare, hardly any single institution 
acquires enough patients to perform an appropriate prospective study [28, 32]. 
Survival benefits of temozolomide (TMZ) after radiotherapy in patients with malig-
nant primary spinal cord tumors were shown in small series with fewer than 25 
patients [32, 71]. Chemotherapy was significantly associated with improved pro-
gression free survival, yet not overall survival [27]. Chamberlain et al. showed that 
TMZ, when has modest efficacy as reflected in progression free survival (18-month 
progression free survival, 41%, 24-month progression free survival, 27%) and 
median survival (23 months) for recurrent adult spinal cord astrocytoma who 
already underwent surgery and radiotherapy [71]. One study showed that in patients 
with infiltrative astrocytomas, chemotherapy was significantly associated with 
improved progression free survival but not overall survival [27]. Other studies 
showed that additional chemotherapy did not lead to extended survival in high grade 
astrocytomas [39, 70].
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14Spinal Cord Hemangioblastomas

Nickalus R. Khan, Aqsa Ghazanfar, Nitin Patel, 
and Kenan I. Arnautović

14.1  Introduction and Demographics

Hemangioblastomas are histologically benign but highly vascular tumors of the 
central nervous system (CNS) that can be either sporadic in nature, or in association 
with von Hippel-Lindau (VHL) syndrome. If VHL is present, the lesions can be 
multiple and distributed throughout the CNS. A recent meta-analysis of the avail-
able literature found that 60% of hemangioblastomas are sporadic in nature and 
40% are associated with VHL [1].

Hemangioblastomas are classified as Grade I tumors according to the World 
Health Organization classification system [2, 3]. The most common location of 
occurrence is the posterior fossa [4], followed by the spinal cord [5]. Spinal cord 
hemangioblastoma is rare, accounting for only 2–6% of overall spinal cord tumors; 
however, they are the third most common primary spinal cord tumor following 
astrocytoma and ependymoma [6–10].

Spinal hemangioblastoma has been shown to have a male predominance with male-
to-female ratios ranging from 1.6:1 to 5:1  in the literature [1, 10, 11]. Patients with 
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sporadic hemangioblastoma typically present in the fourth decade of life, and those with 
VHL-associated hemangioblastoma present in the third decade of life [1, 10–12]. Spinal 
hemangioblastoma is most commonly found in the dorsum of the cervical spine, fol-
lowed by the thoracic spine, and—more rarely—the lumbar spine [3, 9, 12–14]. This 
pattern is likely due to the distribution and quantity of embryonic precursor cells [15–
17]. Some reports have shown that spinal hemangioblastomas associated with VHL 
have a tendency to be present in the caudal spine, compared with sporadic hemangio-
blastomas [14].

14.2  Histopathology

All cases of VHL-associated hemangioblastoma—and about 50% of sporadic tumors 
[14, 18, 19]—are due to a malfunction of a tumor suppressor gene: VHL. This gene is 
located on chromosome 3p25-p26 and encodes pVHL, a protein that helps contribute to 
the formation of the ubiquitin ligase complex that downregulates hypoxia-induced 
growth factor (HIF-1). HIF-1 is a transcription factor that modulates the expression of 
growth factors, such as vascular endothelial growth factor, erythropoietin growth factor, 
and numerous other growth factors [20]. Some sporadic cases have been attributed to 
gain-of-function mutations of HIF-1 [21]. The above pathophysiology helps explain the 
polycythemia encountered in 10% of the patients with VHL.

Microscopically, these histologically benign lesions are composed of a vascular 
plexus surrounded by stromal cells, which have been shown to be the neoplastic cell 
of origin [19, 22].

Macroscopically, these tumors are well circumscribed and often in close proximity 
to the wall of a cyst. They are beefy red in appearance due to their vascular nature and 
are in striking contrast to their surrounding neural tissue. Lonser et al. [23] has shown 
that convective extravasation of plasma from the hemangioblastoma is the cause of the 
edema and subsequent cystic structures associated with these tumors.

14.3  Clinical Presentation

The clinical presentation of spinal cord hemangioblastoma is dependent on the size 
and location of the tumor, and its effect on the spinal cord by direct growth of the 
tumor, edema, or an associated cyst or syrinx. The symptoms often include motor 
weakness in the form of hemiparesis, quadraparesis, or paraparesis at presentation. 
Sensory abnormalities and pain are often present and related to the dermatomes 
associated with the tumor or associated cyst and syrinx.

The presentation of patients with these tumors is often delayed due to their slow 
growth rate and indolent progression to clinical symptomatology [9]. Occasionally, 
asymptomatic patients have spinal hemangioblastoma lesions incidentally discov-
ered on medical imaging.

The most devastating sequela of hemangioblastomas is hemorrhage and acute 
motor paresis [10], which can result secondary to bleeding from a spinal 
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hemangioblastoma. Additionally, lumbago, radiculopathy, and headache can occur 
due to subarachnoid hemorrhage secondary to this rare event [5, 24].

14.4  Von Hippel–Lindau Disease Considerations

It is estimated that 10–40% of patients with hemangioblastomas harbor the genetic 
abnormalities of VHL disease [15]. The manifestations of VHL can include 
hemangioblastomas of the CNS and retina, endolymphatic sac tumors, pheochro-
mocytomas, epididymal cystadenomas, and visceral cysts that commonly involve 
the kidneys and pancreas and are at increased risk for malignant transformation 
into carcinoma [25]. VHL is related to a germline mutation on the short arm of 
chromosome 3 (3p25.3) that is responsible for a tumor suppression gene inherited 
in an autosomal dominant fashion [26, 27]. Erythropoietin and vascular endothe-
lial growth factor (VEGF) have been shown to be upregulated in hemangioblasto-
mas and are likely related to the pathogenesis of these tumors [28]. Sporadic 
hemangioblastoma can also be associated with de novo mutations of the VHL 
gene [17].

The criteria for diagnosis of VHL are a positive family history and the presence 
of concomitant hemangioblastomas, or—in the absence of a family history—2 
hemangioblastomas of the CNS, or 1 hemangioblastoma of the CNS and 1 of the 
following tumors: renal cell carcinoma, visceral cyst, pheochromocytoma, or a 
definitive mutation found in the VHL gene [4, 18]. It is recommended that all 
patients with spinal hemangioblastoma have undergo screening for VHL, which 
often includes entire neuraxis imaging, dedicated abdominal imaging, and fundo-
scopic eye examinations [3].

Most recommendations in the literature advocates only to operate on symptom-
atic VHL patients; however, some authors advocate for resection of asymptomatic 
lesions, which have shown progression and growth with impending neurological 
sequelae [18]. No study has shown a difference in outcome following surgical 
resection between VHL -associated and sporadic hemangioblastoma [29, 30]. 
However, since there is currently no curative treatment for VHL, a strategy of 
symptomatic palliation is followed and aggressive surgical resection of the lesions 
should be avoided as the extent of resection is less important than preservation of 
motor function [31].

14.5  Radiologic Presentation

Magnetic resonance imaging (MRI) remains the most important diagnostic tool for 
hemangioblastomas (Figs. 14.1 and 14.2). The tumor nodule is hypointense on T2 
weighted images. It enhances, homogenously or at times inhomogeneously after 
contrast application. Usually, there is associated cyst that has the cerebrospinal fluid 
(CSF) density. Finally, associated spinal cord syrinx may extend rostrally well 
beyond the location of the tumor nodule.
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We always obtain plain X-rays in anterior-posterior, lateral, flexion and exten-
sion to evaluate spinal alignment and stability for preoperative surgical planning.

14.6  Surgical Management

Due to the slow growth rate and benign characteristics of hemangioblastomas, 
asymptomatic patients with spinal hemangioblastoma may be observed ini-
tially— especially in the setting of VHL—in order to avoid an excessive number 

a

c d

b

Fig. 14.1 Medulla oblongata/brain stem hemangioblastoma (Patient 1: VHL disease, female 
patient operated by the senior author, KIA) [57]. (a) Preoperative MRI of brain. (b) Sagittal pre-
contrast T1- weighted MRI showing medulla oblongata cyst. (c) Sagittal post-contrast T1-weighted 
MRI showing enhancing nodule. (d) Coronal post-contrast T1-weighted MRI showing enhancing 
nodule and adjacent cyst. (e) Axial T2-weighted MRI showing medullae oblongata cyst
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of surgical interventions [3, 17, 24]. Sporadic tumors not associated with VHL 
are curable by complete surgical excision, and are often present with symptoms 
that necessitate surgery. The current National Comprehensive Cancer 
Network guidelines suggest that primary spinal tumors undergo observation if 
they are asymptomatic, and undergo microsurgical resection if symptomatic [3, 
18, 21, 32].

The goal of surgical treatment is complete removal of the tumor. Treatment of an 
associated cyst is usually not necessary as most improve with time with removal of 
the tumor [9, 33, 34]. The associated cystic cavity collapses upon nodule resection 
and pial opening. Additionally, associated edema and cord swelling usually resolves 
with time, following complete surgical excision [1]. The approach is often depen-
dent upon the location of the tumor within the spinal canal. The posterior midline 

a

d e

b c

Fig. 14.2 Thoracic spinal cord hemangioblastoma (Patient 2: non-VHL disease, male patient oper-
ated by the senior author, KIA) [58]. (a) Preoperative MRI of spine. (b) T2-weighted sagittal MRI 
showing holocord spinal syrinx (above the lesion) and hypointense spinal cord hemangioblastoma at 
T11 surrounded by cyst. (c) T1 post-contrast sagittal MRI showing enhancing tumor nodule. (d) 
T2-weighted axial scan showing a tumor nodule. (e) T1 post-contrast axial MRI showing an enhanc-
ing tumor nodule. (f) Sagittal T2-weighted MRI showing syrinx extension to the brain stem
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approach with spinal laminectomy (or laminoplasty) and complete resection of the 
tumor is the most common and recommended approach [30].

The resection of a spinal hemangioblastoma should follow several surgical 
principles:

• Avoid entering the tumor nodule and causing significant hemorrhage
• Keep manipulation of neural tissue at a minimum and avoid any spinal vascula-

ture not involved with the tumor nodule
• Use circumferential dissection in the plane between the tumor nodule and gliotic 

spinal cord
• Look for the junction of normal glistening white spinal cord pia and the sunset 

orange-yellow pia of the hemangioblastoma nodule with the microsurgical open-
ing of the pia

• Treat the tumor like an arteriovenous malformation with low intensity bipolar 
coagulation of afferent vessels leading to the tumor nodule, and coagulate ves-
sels close to the tumor in order to avoid damage to the spinal cord; coagulate the 
efferent veins last

• Shrink the nodule (if necessary) with low intensity coagulation

Due to the vast majority of spinal cord hemangioblastomas being located in the 
dorsum of the spinal cord, we describe our posterior approach to these tumors. 
Those tumors located anterior to the dentate ligament may be approached using an 
anterior or anterolateral approach.

Our surgical technique (senior author, KIA) (Figs. 14.3 and 14.4) involves prone 
positioning of the patient with laminectomies performed to provide exposure about 
1–2 cm above and below the tumor. If tumor location involves cervical-thoracic or cer-
vicolumbar junction, posterior sublimation should be considered. In younger patients 
and/or patients with tumor spanning several levels, laminoplasty should be consid-
ered. Ultrasound may be used to distinguish the tumor location once laminectomies are 
performed to aid in determining if further removal of the bone is needed. Bleeding from 
the edges of the bone laminectomy is easily controlled using Gelfoam Powder (Pfizer, 
New York, NY). We utilize Yasargil bipolar forceps with different, progressive lengths 
and different tip sizes which we use commensurate with intraoperative distances and 
surgical situation. Also, we use Yasargil controlled suctions of different sizes, where we 
can dial the strength of the suction according to intraoperative needs. Micro scissors of 
different sizes, straight and curved, with blunt and sharp tips in different lengths are used 
according to intraoperative situation and tactic.

The dura is incised in the midline with care to preserve the arachnoid plane. 
Retaining sutures are then placed to fasten the dura to surrounding soft tissues. The 
arachnoid membrane is opened (Figs.  14.3a and 14.4a) and retained to the dura 
using Ligaclips (Ethicon US, LLC, Somerville, NJ). An operative microscope is 
used to identify and dissect the hemangioblastoma nodule and free it from the sup-
plying vessels. It is not necessary to enter the cyst cavity, if one is present, as com-
plete tumor removal will eliminate and collapse the syrinx cavity.

The vasculature (perforators) that abuts the tumor margin is coagulated at low 
intensity with bipolar cautery; bipolar power is usually at 20–25 watts (Figs. 14.3b 
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and 14.4c). Care is taken to avoid violating the tumor capsule as this could cause 
unexpected bleeding. The pia is incised at the tumor margin to identify the gliotic 
plane between the tumor nodule and the spinal cord. There is often the clear 
margin between the white, glistening pia of the normal spinal cord and the 
orange-yellow pia of the tumor nodule. The pia is opened right at the junction 
between the 2.

The nodule is then circumferentially dissected using bipolar forceps and micro 
scissors to coagulate and divide the arterial feeder vessels that enter the tumor nod-
ule. The draining vein of the nodule is kept intact until the very end, much like 

a

c d

b

Fig. 14.3 Intraoperative microsurgical pictures of Patient 1 [57]. (a) Opening of arachnoid mem-
brane. (b) De-vascularization of tumor nodule by coagulation of arterial feeders and division of the 
“sunset orange” pia of the nodule from white, “glistening” pia of the medulla. (c) Final coagulation 
of the tumor nodule draining vein before its division and delivery of the nodule. (d) Postoperative 
view of medulla oblongata after tumor nodule resection
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resection of an arteriovenous malformation (Figs.  14.3c and 14.4c–d). Dynamic 
retraction can be performed by gentle use of the suction accompanied by microcot-
ton pledgets as needed. Sensory nerve rootlets embedded in the tumor may be 
incised at thoracic levels; however, every effort should be made to preserve all neu-
ral tissue. Hemostasis is obtained using bipolar cautery (Figs. 14.3d and 14.4e).

a

c

e

d

b

Fig. 14.4 Intraoperative microsurgical pictures of Patient 2 [58]. (a) Dura is opened. Arachnoid 
membrane tacked up to the dura with small Ligaclips. (b) Midline myelotomy below the tumor 
nodule with draining of the adjacent cyst. (c) Coagulation and division of arterial feeders to the 
nodule. (d) Delivery of the tumor nodule after coagulating and dividing the draining vein. (e) 
Spinal cord after tumor resection
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The dura is closed in a simple running continuous watertight fashion and the 
remainder of the wound is closed in the standard fashion. We use a layer of fat tissue 
harvested from abdominal site at the beginning of surgery to cover the dura, obliter-
ate any remaining “dead space,” and avoid cerebrospinal fluid leak or pseudomenin-
gocele formation [7]. Figures  14.3 and 14.4 show intraoperative photographs of 
surgical removal of hemangioblastoma while Figs. 14.5 and 14.6 show postopera-
tive MRIs; Videos 14.1 and 14.2 also shows tumor removal.

We strongly recommend—and agree—with the literature that advocates for the 
routine use of neurophysiological monitoring during any surgery that involves the 
spinal cord by using somatosensory evoked potentials (SSEPs), motor evoked 
potential (MEPs), and nerve action potentials (NAP) stimulation [9, 36]. Additionally, 

a

c d

b

Fig. 14.5 Postoperative MRI of brain of Patient 1 [57]. (a) Post-contrast sagittal T1-weighted 
MRI showing cyst collapse after nodule resection. Note the fat graft dorsal to the dura to avoid CSF 
leak or pseudomeningocele formation. (b) Post-contrast coronal T1-weighted MRI showing cyst 
collapse after nodule resection. (c) Post-contrast axial T1-weighted MRI showing cyst collapse 
after nodule resection. Note the fat graft dorsal to the dura to avoid CSF leak or pseudomeningo-
cele formation. (d) T2-weighted axial MRI showing cyst collapse after nodule resection
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temporary artery clipping of the main feeding artery when coupled with SEPs and 
MEPs can provide additional information to the surgeon on the safety of sacrificing 
vessels that are adjacent to and supply the tumor in order to facilitate safe removal 
of the nodule [37].

There are several common types of hemangioblastomas described that have spe-
cial relevance to the technical aspects of surgical excision (Table 14.1).

14.7  Considerations in Pregnancy

The progression or presentation of spinal hemangioblastomas is known to occur 
during pregnancy and may be due to the increased blood volume and changing hor-
monal milieu [11, 38, 39]. Surgical resection has been noted to be the preferred 

a

d

b c

Fig. 14.6 Postoperative MRI of brain of Patient 2 [58]. (a) Sagittal T2-weighted MRI of cervical 
spine showing syrinx collapse after tumor resection. (b) Sagittal T2-weighted MRI of thoracic 
spine showing syrinx collapse after tumor resection. (c) Axial T2-weighted MRI showing postop-
erative thoracic spinal cord after tumor resection. (d) Axial T1-weighted post-contrast MRI show-
ing postoperative thoracic spinal cord after tumor resection
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treatment in order to prevent progression of neurological deficits, and has been 
noted to be safely performed in the second and third trimesters without increased 
risks of abortion or preterm labor. However, it is advisable to postpone surgery until 
after delivery with close observation of the patient and the patient’s neurological 
condition, if clinically appropriate.

Careful consideration should be taken to prevent radiation to the fetus from diag-
nostic or intraoperative tests [39–42]. It is advised that a team-based approach with 
obstetric, anesthetic, and neurosurgical physicians should be used in the care of 
these patients.

14.8  Medical Management

Several medical therapies have been evaluated in the literature for treatment of 
difficult to resect spinal hemangioblastoma. Bevacizumab is a monoclonal 
antibody that blocks angiogenesis due to its effect on vascular endothelial 
growth factor A. There have been case reports of bevacizumab treatment caus-
ing significant tumor regression in a patient with an unresectable spinal cord 
hemangioblastoma [43]. Thalidomide has recently been shown to be effective 
in some cases of unresectable hemangioblastoma [44, 45]. However, the role of 
adjuvant chemotherapy in the treatment of hemangioblastoma remains contro-
versial [2].

14.9  Radiosurgery

There have been reports of patients with spinal hemangioblastomas being treated 
with radiosurgery for unresectable tumors. However, radiosurgery has been reported 
to be associated with unfavorable outcomes, such as radiation necrosis, and often 
does not address the underlying symptom-causing syrinx [2, 46].

Table 14.1 Types of spinal hemangioblastoma and preferred approachesa

Type Details Surgical approach
Dorsal 
intramedullary

Most common; covered by a layer of pia 
mater and requires a midline myelotomy; 
located near dorsal nerve root entry zone.

Posterior approach
Midline Myelotomy

Ventral 
intramedullary

Rare; outcomes worse due to difficulty of 
surgical excision.

Anterior or anterolateral 
approach [35] 

Exophytic Reaches the surface and can be directly 
removed; obviates the need for a midline 
myelotomy.

Posterior approach

Intradural 
Extramedullary

Does not have a direct attachment to cord 
parenchyma; can be directly removed.

Posterior approach

Extradural Commonly arises from spinal nerves. Posterior approach
aAdapted from Sun et al. [1].
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14.10  Preoperative Embolization

Preoperative embolization has been used in some reports in the literature to decrease 
vascularity. However, this often does not completely address the vascularity of the 
tumor and often requires super-selective catheterization, which can place the nor-
mal spinal parenchyma at risk and is usually not needed for complete resection [11]. 
It is, therefore, not used in the majority of patients undergoing surgical excision [37, 
47–49], and in our opinion is mostly unnecessary.

14.11  Outcomes

The first excision of a spinal cord hemangioblastoma was described by Schultze in 
1912 [20]. The neurological morbidity of spinal cord tumor surgery was poor until 
improvements in microsurgery and imaging arrived in the 1960s and 1970s [49–53]. 
We have compiled a summary of the available data in the literature showing outcomes 
of surgical resection of spinal hemangioblastomas in Table 14.2.

14.11.1  Neurological Outcome

Tumor location and size have been shown to affect outcome, with larger ventral and 
ventrolateral tumors associated with worse surgical outcomes [17, 30]. The 
McCormick functional status scale (Table 14.3) has been used in the literature to 
grade the neurological outcome of intrinsic spinal cord tumor surgery [54].

This scale, while not validated, has been used extensively in research of spinal 
cord tumors and hemangioblastomas. Several studies have shown that preoperative 
neurological status has a tendency to predict the postoperative neurological status of 
patients following resection of hemangioblastoma [31]. Microsurgical removal of 
tumors can result in favorable neurological outcomes, if good technique is applied 
and the conditions of the tumor are favorable (i.e., location, size, vascularity, and 
plane between tumor and spinal cord). The majority of patients operated on remain 
neurologically stable with a small subset who undergo neurological deterioration in 
the intraoperative period, but who eventually improve over time [17]. While not 
common, permanent neurological deterioration does occur and is often related to 
larger tumors that are not located in the dorsum of the spinal cord. Table  14.2 
describes the outcomes of all of the case series that we could find available in the 
English literature as of October 2017.

14.11.2  Tumor Recurrence

Tumor recurrence can be due to either regrowth of new tumor, incomplete resection, 
or growth of new tumors in both VHL associated and sporadic hemangioblastoma. 
Young age, short duration of symptoms, multiple CNS tumors, and having VHL 
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disease have been associated with increased tumor recurrence [55]. Sporadic 
hemangioblastomas have been reported to have a recurrence rate of 6–7% following 
surgical excision and often occur many years after surgical resection illustrating the 
need for continued long-term follow-up of these patients [1]. Hemangioblastomas 
associated with vHL have been classified into three different growth patterns: salta-
tory, linear, or exponential with tumor growth rates of 4mm3/y, 24mm3/y, and 
79mm3/y respectively [56]. Additionally, hemangioblastomas occurring in the spi-
nal cord and cauda equina grew at slower rates compared with those found else-
where in the CNS (median 0.3mm3/y and 0mm3/y respectively) and higher growth 
rates were observed in males compared to females [56].
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15Myxopapillary Ependymomas

Ibrahim Omerhodžić, Mirza Pojskić, 
and Kenan I. Arnautović

15.1  Definition

Myxopapillary ependymomas (MPEs) were first defined as a distinct subtype of 
ependymomas by Kernohan in 1932 [1]. These tumors account for approximately 
1–5% of all spinal neoplasms with an incidence of 0.0–0.08 cases per 100,000 per-
sons annually [2, 3]. The incidence in the American population was found to be 1.00 
per million person-years [4]. Fifty percent of ependymomas are spinal and—within 
this group—50% are MPEs [5]. Extramedullary ependymomas arise from the epen-
dyma of the filum terminale located in the area of the conus medullaris and cauda 
equina. Histologically, the overwhelming majority are myxopapillary [6]. MPE is a 
slow-growing tumor most frequently found in adults between 30 and 50 years of age 
[7] and they constitute around 13% of all ependymomas and as many as 90% of all 
tumors in the conus medullaris [8–10]. MPEs originates from the filum terminale in 
the area of the conus medullaris and cauda equina [11], and are classified as a WHO 
Grade I Tumor. The main bulk of the tumor is located in the lumbar canal below the 
conus medullaris with up to one-third of the tumors extending to thoracic spine and 
one-fifth of these tumors extending to sacrum [6].
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The recommended treatment for patients with MPE is gross total resection, and 
patients undergoing subtotal resection usually also undergo radiotherapy [12]. 
Despite the benign histology and slow-growing nature of most MPE tumors, some 
MPEs behave in an aggressive manner. Treatment failure of MPE with local recur-
rence, distant spinal metastasis, and brain metastasis has been reported to occur in 
one-third of patients [13]. Signs of postoperative aggressive behavior, after either 
subtotal or gross total resection, are local recurrence and aggressive growth. Another 
sign of aggressive behavior is secondary seeding (i.e., metastasis) of an MPE to 
distant cranial and spinal sites or to local spinal sites after surgery [11]. MPEs have 
been reported to be more aggressive in pediatric patients than in adults with local 
rates and recurrence of 64% compared with 32% in adults [14]. The focus of our 
discussion will be on MPEs in adults since the topic of pediatric MPEs has been 
covered in another chapter of this book (Chap. 16).

15.2  Histopathology and Molecular Biology

Grossly, these tumors are well-encapsulated, reddish to purplish in color, and 
sausage- shaped [15]. The microscopic morphology of MPE is characterized by a 
papillary arrangement of cuboidal or elongated tumor cells surrounding a fibrovas-
cular core, which contains both hyalinized blood vessels and a marked abundance 
of extracellular mucoid matrix [16].

It has been hypothesized that there are intrinsic molecular differences and genetic 
types of MPE that are currently unrecognized [11]. This could represent a spectrum 
of different grades of MPE, perhaps with the most aggressive tumors presenting 
earlier in childhood and the indolent tumors remaining clinically occult due to their 
slow growth and presenting later in adulthood. Also, one can speculate that in the 
younger pediatric population, tumor cells of the same type have a higher propensity 
for division [11]. There are several molecular markers of MPEs. The receptor tyro-
sine kinase cMET and HOXB13 gene are included in histologic and molecular 
analysis research of MPE. cMET may have a role in more invasive behavior of MPE 
since cMET activation in brain malignancy enhances cell proliferation, migration, 
and invasion and inhibits cell death [11]. The HOXB13 gene has been identified as 
a molecular signature for MPE [17]. HOXB13 is more specific for MPE while 
HOXA9 is more specific for ependymoma. HOXB13 was expressed equally in 
pediatric and adult patients with MPE [17]. MIB-1, a marker for cellular prolifera-
tion, has low expression in MPEs due to their inherent benign biological profiles 
[16]. Epidermal growth factor receptor (EGFR) protein expression has been shown 
to predict a worse clinical correlate for patients with intracranial MPEs [18] and was 
found in all recurrent tumors but not in tumors that did not recur [16, 19]. Matrix 
metalloproteinases (MMPs) are a family of zinc dependent endopeptidases that are 
capable of degrading extracellular matrix proteins, which may lead to the promotion 
of metastasis. Aggressive megakaryocyte-erythroid progenitor cells showed overex-
pression of platelet-derived growth factor receptor A (PDGFRα), MMP2 and 
MMP14 [16], which may be new diagnostic and therapeutic targets [16]. MPE may 
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be driven by a Warburg metabolic phenotype [20] with western blot analysis dem-
onstrating increased protein expression of hypoxia-inducible factor 1-alpha 
(HIF-1α), hexokinase 2 (HK2), pyruvate dehydrogenase kinase 1 (PDK1), and 
phosphorylation of pyruvate dehydrogenase (PDH)-E1A [20].

15.3  Classification

We have proposed a novel classification system of the MPEs. This classification is 
based on the location of the tumor and its correlation with extent of resection 
(Table 15.1). It is important to note that this classification is more an anatomical 
than surgical one as the biological behavior of the tumor, its aggressiveness, and its 
recurrence rate depends on multiple factors, which are discussed in this chapter. 
Figures 15.1, 15.2, 15.3, 15.4 and 15.5 demonstrate various cases of MPEs operated 
on by the senior author (KIA); Figs. 15.6 and 15.7 demonstrate cases of MPEs oper-
ated by primary author. Figure 15.8 shows the schematic diagram of our original 
classification of MPE.

15.4  Symptoms

MPEs are tumors with long history. Mean time between the first symptom and diag-
nosis was reported to range from 46 months [21] to 8 years [6]. The clinical presenta-
tion of MPEs with regard to patient age and duration of symptoms does not differ 
significantly from other intradural tumors that occur below the cord in the region of 
the filum [9]. The most common initial symptom is nonspecific back pain [6, 14, 22, 
23]. Back pain, lower limb weakness, and sensory disturbances often occur together 

Table 15.1 Classification of myxopapillary ependymomas (MPEs)

Type IA
Only filum terminale is involved by the MPE (rare extramedullary intradural 
lesion). GTR (gross total resection) easily feasible.

Type IB Extramedullary MPE involving a lumbar nerve root with filum terminale. GTR 
more challenging than type I A.

Type II Intramedullary involvement of conus medullaris and filum terminale. GTR.
Type III Intramedullary involvement of lower part of spinal cord, conus medullaris and 

filum terminale (upper lumbar cord enlargement).
Type IVA Intramedullary involvement of lower part of spinal cord and conus with solid 

and cystic component. No signs of hydro- or syringomyelia.
Type IVB Involvement of entire conus and lumbar intumescencia with cystic compartment 

and signs of hydro- or/and syringomyelia in the upper part of the spinal cord. 
Slow growing, resection GTR or STR. More aggressive behavior with primary/
secondary seeding.

Type VA Tumor is located outside the lumbar part of the spinal cord but remains 
intradural (cervical/thoracic spine)

Type VB Tumor is located outside the spinal canal (sacrococcygeal, mediastinal, 
intracranial MPE)
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c d

b

Fig. 15.1 Lumbar spine imaging of a 72-year-old female patient with lower back pain and bilat-
eral leg pain and previous history of cancer. Preoperative MRI of the lumbar spine: (patient oper-
ated on by the senior author [KIA]): (a) sagittal post-contrast T1-weighted MRI shows 
intradural-extramedullary tumor (myxopapillary ependymoma) at L4 (arrow) confined to filum 
terminale without adherence to the nerve roots (Type IA); (b) sagittal T2-weighted MRI; and (c) 
axial T2-weighted MRI of the lumbar spine. (d) Postoperative sagittal T2-weighted MRI of the 
lumbar spine demonstrates total resection of the tumor

[14, 24]. Less than 10% of patients consider gait ataxia, sexual problems, or sphincter 
problems, although up to 50% of patients have bladder dysfunction [9, 10, 21].

Rapid worsening could indicate an intratumoral hemorrhage [21, 25, 26] with 
rare cases of hydrocephalus due to spinal subarachnoid hemorrhage [21]. Conus 
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medullaris and filum terminale lesions are located at a highly mobile segment of the 
spine, and the traction forces might cause disruption of blood vessels on the surface 
of the tumor. Histopathologic factors relate to the presence of numerous small blood 
vessels and loss of connective tissues in the tumor [25].

15.5  Imaging

On gadolinium-enhanced MRI motor evoked potential (MEPs), like their intramed-
ullary counterparts, enhance brightly with contrast. Enhancement may be homoge-
neous or patchy due to small intratumoral cysts and hemorrhages [6]. MPEs differ 
slightly than other ependymomas in that they may appear hyperintense on 
T1-weighted images as well due to the proteinaceous mucoid matrix [27]. With 
further improvements in the resolution of MRI, even very small leptomeningeal 
seeding can be detected [22]. Cysts that expand cranially and caudally from the 
tumor as well as hydro- and syringomyelia are not uncommon. Unencapsulated 
tumors are more frequently seen in heterogeneously enhanced tumors on MRI than 

a

d e f

b c

Fig. 15.2 Imaging of a 56-year-old female patient with back pain, numbness and tingling in legs 
with difficulties voiding. Preoperative MRIs of the lumbar spine (patient operated on by the senior 
author [KIA]): (a) sagittal post-contrast T1-weighted MRI showing encapsulated enhancing tumor 
at L3 (arrow) without involvement of filum terminale and nerve roots of cauda equine (Type IA); 
(b) axial post-contrast T1-weighted MRI; (c) sagittal T2-weighted MRI of the lumbar spine. 
Postoperative MRIs of the lumbar spine demonstrating complete tumor resection: (d) sagittal post-
contrast T1-weighted MRI; (e) axial post-contrast T1-weighted MRI; (f) sagittal T2-weighted 
MRI. The patient recovered completely and was neurologically intact
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a b c

Fig. 15.3 Imaging of a 47-year-old female patient with paraparesis, L2 sensory level, and bowel 
incontinence (patient operated on by the senior author [KIA]). (a) Preoperative sagittal T2-weighted 
MRI of the lumbar spine demonstrating myxopapillary ependymoma at L3 segment (arrow) Type 
IB. (b) Preoperative sagittal post-contrast T1-weighted MRI of the lumbar spine. Complete resec-
tion of the tumor was performed. The patient recovered completely and was neurologically intact. 
(c) Postoperative T2-weighted MRI of the lumbar spine demonstrating complete resection

a b c

Fig. 15.4 Imaging of a 35-year-old patient with severe low back pain and urinary retention (patient 
operated on by the senior author [KIA]). (a) Preoperative sagittal T2-weighted MRI of the lumbar 
spine. (b) Sagittal post-contrast T1-weighted MRI of the lumbar spine demonstrating MPE at L2 
with large cystic component, involvement of conus and lumbar intumescence, and hydromyelia 
(type IVB). (c) Postoperative sagittal T2-weighted MRI of the lumbar spine demonstrating com-
plete resection with cyst drainage and resolved hydromyelia. Urinary retention resolved completely, 
the patient had no neurological deficits
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in homogenously enhanced tumors [28]. Computed tomography (CT) scan is useful 
for demonstrating erosive bone changes that can vary from nonspecific canal widen-
ing, to scalloped vertebral bodies, to neural foraminal enlargement, and finally to 
osseous destruction [29].

a

e f

b c

d

Fig. 15.5 Imaging of a 33-year-old male patient who presented with urinary retention (patient 
operated on by the senior author [KIA]). (a) Preoperative sagittal T2-weighted MRI of the lumbar 
spine demonstrating large MPE (*) at L1–L2 with involvement of spinal cord, conus medullaris 
and filum terminale. (b) Sagittal post-contrast T1-weighted MRI of the lumbar spine showing 2 
further lesions (arrows) at L3 and S1 (type IVB). (c) Axial post-contrast T1-weighted image show-
ing tumor at L1. (d) Axial post-contrast T1-weighted image shows the tumor at L3. Postoperative 
MRI demonstrates the total resection of all of the three tumors: (e) sagittal T2-weighted MRI and 
(f) sagittal post-contrast T1-weighted MRI. Urinary retention resolved completely. Further screen-
ing did not show the presence of secondary seeding
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a b c

Fig. 15.6 Imaging of a 45-year-old female patient who presented with paraparesis and urinary 
retention (patient operated on by IO). Preoperative MRI of the spine: (a) sagittal post-contrast 
T1-weighted MRI showing cystic contrast-enhancing tumor (arrow) at T10-L1; (b) intratumoral 
cyst with syringomyelia is best seen in sagittal T2-weighted MRI (Type IV B). (c) Postoperative 
sagittal T2-weighted MRI of the spine showing the complete resection of the tumor with resolution 
of syringomyelia

a b d e

c

Fig. 15.7 Imaging of a 43-year-old female patient who presented with acute onset of paraparesis 
and urinary retention (patient operated on by IO). (a) Sagittal T2-weighted MRI of the lumbar 
spine revealing intratumoral hemorrhage at L1–L3 (arrow) with subdural hematoma at S1 (*) 
(Type IVA). (b) Axial T2-weighted MRI of the lumbar spine shows the tumor mass (arrow). (c) 
Axial T2-weighted MRI of the lumbar spine showing subdural hematoma at S1 (*). Complete 
tumor resection and evacuation of the hematoma were performed. Due to laminectomy over 3 
levels, additional spinal stabilization was performed. (d) Postoperative sagittal T2-weighted MRI 
of the lumbar spine following tumor resection and hematoma evacuation showing complete resec-
tion without residual hematoma. (e) Postoperative sagittal X-ray of the lumbar spine demonstrat-
ing T12–L3 stabilization of the thoracolumbar transitional area
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15.6  Rare Locations

Myxopapillary ependymomas can occur in ectopic sites, such as the sacrum and in 
presacral tissue where ependymal cells may be found. These ectopically located 
tumors have a worse prognosis and a higher rate of extraneural metastasis. 
Sacrococcygeal [30–32], intracranial [33], and soft tissue myxopapillary ependy-
momas have been described, as well as extraneural metastases in the lungs, pleura, 
liver, and thoracic and abdominal lymph nodes [34]. Case series on extradural epen-
dymomas showed higher local recurrence rate (60% for presacral and 25% for 
tumors on the dorsal aspect of sacrum) compared with classical MPEs, with a mor-
tality rate of up to 50% in one case of local recurrence [29] and a 100% 5-year 
mortality if metastases occur. Giant sacral MPEs may require resection, lumbopel-
vic reconstruction and fusion, followed by radiotherapy [31]. Intradural lumbosa-
cral ependymomas can spread throughout the central nervous system (CNS) but 
rarely metastasize beyond it, whereas extradural ependymomas seldom disseminate 
within the CNS but pose a significant risk for systemic metastases [35].

15.7  Surgical Technique

Removal of ependymomas in the lumbar and sacral region may be quite difficult as 
these tumors are well-vascularized and may not display a capsule, so that they may 
completely encase nerve roots of the cauda equine [9]. Nerve roots and the spinal 
cord may be very adherent to—or even infiltrated by—the tumor [36], and surgical 

Fig. 15.8 Schematic diagram of the classification of myxopapillary ependymomas (from 
Omerhodzic, Pojski and Arnautović 2018)

15 Myxopapillary Ependymomas



282

morbidity for these tumors is considerably higher compared with other extramedul-
lary pathologies [37].

Both microsurgical technique and spinal cord monitoring are indispensable to 
achieve total removal of MPEs and to obtain improvement of neurological recovery 
[38]. Based on plane of dissection and intraoperative neurophysiological monitor-
ing (IONM), GTR should be always the goal. Tumor resection can be safely 
achieved, if the tumor is encapsulated. However, as the tumor grows, tumor encap-
sulation can be lost and adherence to cauda equina can inhibit or make complete 
resection more difficult and induce new deficits after surgery [39]. Complete resec-
tion without capsular violation—the so called marginal en bloc resection—can be 
curative, and is often simply accomplished by snipping the filum above and below 
the mass. Nevertheless, this technique can be technically difficult based on tumor 
size, shape, and anatomical relation to the cauda equina or spinal cord.

The details of the surgical resection of MPE is demonstrated in our surgical vid-
eos (Video 15.1). Positioning of the patient needs to fulfill two important goals: 
first, to provide an optimal working angle, and second, to keep the operative field 
well above the level of the heart with minimal obstruction of the venous flow, the 
latter being an important point in keeping the intraoperative bleeding at minimum 
[40]. (For technical details on prone positioning for resection of spinal cord tumors, 
refer to Chap. 12, Spinal Cord Astrocytomas.) An alternative to the full prone posi-
tion described there, some authors recommend the use of the kneeling or so-called 
“praying to Mecca” position [40].

Arms are properly padded and the head is placed either in straight neutral posi-
tion or turned to side so that there is an even pressure distribution on the face with 
the eyelids carefully shut [40]. Intraoperative neurophysiological monitoring—
MEPs, somatosensory evoked potential (SSEPs), and free-running electromyogra-
phy (EMG) are performed routinely for resection of these lesions and it are of vital 
importance in identifying the filum terminale. Intraoperative fluoroscopy with a 
C-arm is a good way to determine the cranio-caudal extent of the lesion in the lum-
bar and cervical region in lateral projections, and in the thoracic spine in anterior- 
posterior projections.

We routinely harvest fat from the paraumbilical area in the supine position, 
which will be later utilized to obliterate “dead space” after laminectomy and for 
CSF leak prevention. After the skin incision, the subcutaneous fat is entered. 
Diathermia is preferred with meticulous hemostasis throughout the approach, which 
prevents oozing blood from obstructing the operative field. The exposure is tailored 
according to the length of the lesion in a cranio-caudal direction. We use hemilami-
nectomy for smaller lesions and laminectomy for larger lesions (e.g., >3 cm), and 
where the multilevel decompression is needed. Laminectomy is performed with 
high-speed diamond drill and Kerrison rongeurs. Laminectomy with three or more 
segments may be accompanied with spinal fusion following the tumor resection, 
particularly at the thoracolumbar junction. In other locations, with >three levels 
involved, laminoplasty is utilized.

The exact extension of the tumor is then demonstrated by ultrasonography before 
opening the dura. Dura is opened in the midline and tacked to the surrounding 
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muscle tissue with dural tacking sutures. The arachnoid is opened separately with 
micro-scissors or a micro knife and delicately freed from the posterior or lateral 
spinal cord, keeping it intact for closure at the end of surgery. Ligaclips are applied 
to hold the arachnoid membrane to the dura.

Tumors are usually well-demarcated, grayish, and sausage-like encapsulated 
structures that displace the cauda equine nerves laterally [41]. The rostral part of the 
tumor is first mobilized to allow visualization of the attachment of the tumor that 
arises from filum terminale, which usually has a distinctive white color from a stri-
ated pial membrane compared with the yellow tan of the cauda equine nerve roots. 
Proximal and distal attachment of the filum terminale is then microsurgically dis-
sected off the tumor and isolated for any nerve roots in order to prepare for the resec-
tion. Lateral tumor margins are mobilized and freed from any attachments [41].

We recommended transecting the filum terminale first at its proximal end to 
avoid upward retraction. Prior to coagulation and division of filum terminale, we 
stimulate it with a probe nerve stimulator to make sure it is not mistaken for a nerve. 
The key step in the resection of MPE is the transection of filum terminale, which 
presents the tumor origin. Intraoperative neurophysiological monitoring plays a key 
role in this surgical step. The modalities that are in standard use are transcranial 
electrical stimulation and direct root stimulation. Both consist of recorded muscle 
motor evoked potentials (mMEP) that were evoked by either transcranial electrical 
stimulation (TES) or by direct stimulation of nerve roots in the surgical exposed 
area. The bulbocavernosus reflex (BCR) is a third IONM modality to monitor the 
sacral sensory roots and neural circuitry [42]. Furthermore, free-running electromy-
ography (EMG) monitoring of the lower-limb muscles, external anal sphincter 
(EAS), and external urethral sphincter (EUS) is routinely performed for monitoring 
of bladder and anal sphincter function [43]. Direct spinal stimulation has been used 
to exclude motor function of the surgically identified filum terminale or other teth-
ered structures, whereas TES-mMEP was recorded for monitoring the integrity of 
sacral motor roots and neural circuitry in the lower spinal cord [42]. Direct nerve 
root stimulation for identification and mapping of vital nervous tissue is performed 
by the surgeon. A monopolar and/or a bipolar probe is used applying 200 μs voltage 
pulses, and when the voltage threshold is over three-times the voltage threshold of 
a prior stimulated nerve root in the operating field, the structure can be resected 
[42]. Subsequently a TES-MEP stimulus can be applied in order to reassess the 
responses of the vital neural tissue after the transection of filum or detethering [42]. 
The mean electrical threshold for EMG response during stimulation of the filum 
terminale was 37.1 v (range, 15–100 v) in one series. In comparison, the lowest 
threshold obtained by direct stimulation of the ventral nerve roots was a mean of 
1.46 v (range, 0.1–7 v) [44].

The isolated proximal filum terminale is than coagulated and divided. Gentle 
traction on a divided filum terminale stump allows for anterior, inferior, and lateral 
tumor margins to be delivered out of the tumor bed. After transecting the filum, the 
tumor can be dissected away from the neural structures and completely extirpated. 
Lifting the proximal end of the filum together with the remaining tumor allows the 
nerve roots on the ventral side to be mobilized, and additional cotton pledgets can 
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be placed to keep them separated from the remaining lesion. The cranial pole of the 
tumor needs to be dissected free in order to follow the ventral tumor side caudally 
to identify the exact position of the conus. The tumor is gently delivered and rotated 
from the tumor bed. Attachments of the nerve roots on the tumor surface are care-
fully isolated and released. Preservation of small sacrococcygeal roots is important 
to reduce the incidence of postoperative urinary dysfunction [41]. Finally, after 
completely releasing the tumor from the surrounding nerve tissue, the filum can be 
transected immediately below the conus to achieve a complete tumor resection (i.e., 
GTR) [7]. Again, particular care is exercised to avoid violation of the tumor capsule 
and possible dissemination of tumor cells.

The first step in the resection of an infiltrative MPE is microsurgical debulking of 
the tumor using micro-scissors and bipolar instrument (mostly without any coagula-
tion). Resection without any violation of the tumor capsule might be difficult in 
some cases. Capsule rupture has been found in many MPEs extending over three 
vertebral levels, suggesting that these tumors grow over time and eventually pene-
trate the capsule [39]. To prevent any subarachnoid spreading of tumor particles 
during debulking, small cotton patties are positioned around the entire tumor before 
starting the resection [7]. Fine forceps, micro-dissectors, or sharp dissection with 
micro-scissors or micro-knife can be used to create a plane between the tumor and 
the normal spinal cord tissue. Once the tumor mass had been removed inside the 
capsule, the filum terminale needs to be identified, coagulated, and cut [7].

Following resection, the subarachnoid space is irrigated with warm saline solu-
tion. After hemostasis, the pial closure (if applicable) is done with 7-0 Prolene, and 
arachnoid closure is done by approximating edges with bipolar coagulation. Dural 
closure is performed with 4-0 Nurolon stitches with application of previously har-
vested fat graft to prevent CSF leak [45].

15.8  Extent of Resection

Reported extent of resection in surgical series has increased since the introduction 
of microsurgery. In the literature, the reported incidence was 40–78.9% [7, 10, 21–
23, 36, 46, 47]. Table 15.2 provides the literature review of the studies that evaluated 
patients with spinal MPEs. GTR was achieved in 77.7% of cases in the series by 
Klekamp, with subtotal resections in the remainder of largely unencapsulated MPEs 
[7]. There are two possible explanations for the relatively low GTR rates [16]. First, 
MPEs have a histological feature of myxoid degeneration. The myxoid matrix that 
accumulates between the tumor cells and blood vessels renders the GTR challeng-
ing. Second, the nerve roots of the cauda equine may be embedded in the neoplastic 
tissue, so the manipulation of the intertwined tumor and nerve tissue may cause 
irreversible neurological morbidities. Under such circumstances, aggressive removal 
may not be the preferred option [16]. Some of the complications associated with 
surgery include postoperative CSF leaks, wound infections, cyst and syrinx forma-
tion, declining Franklin grade, tethering of the spinal cord, paraplegia, pulmonary 
embolism, kyphosis, and scoliosis [60].
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15.9  Recurrence

Recurrence in adults usually happens at the site of primary resection, whereas in the 
pediatric population, recurrence in the form of disseminated disease is more com-
mon [11]. Extent of resection and age are found to be major factors related to tumor 
recurrence [16]. Therefore, GTR is recommended whenever possible, unless neuro-
logical dysfunction following GTR is predicted. Younger patients demonstrate a 
shortened recurrence time [16]. Long history and infiltration of nerve roots are fur-
ther independent factors for a tumor recurrence [36].

A strong correlation between capsular violation and recurrence was found fol-
lowing removal of MPE [56]. One of the first series on MPEs reported a recurrence 
rate of 10% after complete resections, 34% after piecemeal removals, and 41% after 
partial removals [9]. The overall recurrence rates in series of 34 MPEs from Klekamp 
were 6.6%, 19.0%, and 37.0% after 1 year, 10 years, and 20 years, respectively [7]. 
For non-encapsulated MPEs, the corresponding rates were 15.6%, 32.5%, and 
66.2% after 1 year, 10 years, and 20 years, respectively, with significantly lower 
rates of 9.1% after 10 and 20 years for encapsulated tumors [7].

The overall recurrence rate was shown to be 15.5% in patients treated by GTR 
and 32.6% in patients treated by STR, irrespective of whether they underwent adju-
vant therapy (p < 0.001) and with higher rates in younger patients [60]. Another 
study, however, showed opposite results (i.e., that the use of radiotherapy as salvage 
therapy after initial recurrence significantly correlated with longer times to a second 
recurrence—9.6 years for those who received RT vs. 1.1 years for those who did 
not) [58].

Late recurrence can occur decades after the surgery with latest clinical recur-
rence described after 42  years [61]. In the event of recurrence, however, spinal 
MPEs continue to have a favorable prognosis [14]. Treatment of recurrent MPEs 
without evidence of seeding includes reoperation, whereas in cases of local or dis-
tant metastases or for refractory cases (i.e., second and third recurrence), surgical 
resection with postoperative radiotherapy and chemotherapy should be considered. 
It has been recommended to perform radiotherapy of the craniospinal axis following 
incomplete resection in order to prevent seeding and recurrence [39]. While some 
studies demonstrated no benefit in recurrence-free survival for patients treated with 
adjuvant radiotherapy after surgery [58], others found that adjuvant radiotherapy 
was associated with better outcomes for both patients who underwent GTR and 
those who underwent STR [3, 49, 62].

15.10  Primary (Metastatic) and Secondary  
(Post–Surgical) Seeding

“Seeding,” “metastasis,” and “tumor dissemination” are terms used interchangeably 
and present a known phenomenon that describes many tumors of the CNS [63]. 
Despite MPEs being classified as WHO I Grade tumors, recurrence after both par-
tial and gross total resection is well documented.

15 Myxopapillary Ependymomas
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Primary MPE seeding is well recognized in pediatric patients but under recog-
nized in adults despite the fact that MPEs are far more common in the adult popula-
tion [11, 64]. There are only few case reports of primary metastases into multiple 
cerebrospinal locations before resection of MPE [11, 65]. Two recent studies have 
shown that the proportion of patients presenting with metastases at initial diagnosis 
ranges between 36.4% in patient cohorts with dominantly adult patients, and 50% 
in pediatric cohorts [22, 66].

Secondary seeding (metastasis) of lumbosacral MPEs describe seeding after sur-
gery and has been described in detail with reports as early as the 1950s [67–69]. 
Secondary seeding is not uncommon and occurs in patients undergoing subtotal 
resection. When MPE metastasizes, it tends to spread rostrally in the CNS [70], 
mostly affecting the thoracic and cervical spine, followed by intracranial seeding 
[22]. In cases of dissemination or metastasizing disease, histological characteristics 
of benignity are commonly preserved in MPEs [69]. The extent of the initial surgi-
cal resection was significantly associated with dissemination and patients with 
residual tumor were more likely to develop disseminated disease, whereas violation 
of the capsule during surgery may lead to CSF seeding and dissemination [71]. 
There are extremely rare cases of double MPEs that could not be directly considered 
as dissemination, since both tumors were in the site of classical origin of MPE [72].

In pediatric patients with primary seeding, GTR is followed by radiation, adju-
vant chemotherapy, or both. Because these are subarachnoid metastases, focal radi-
ation targets the lumbar theca and radiation is directed up to mid-thoracic levels or 
even applied to the entire craniospinal axis [60]. Chemotherapy is reserved for 
patients with tumors that are refractory to radiotherapy and is generally considered 
less effective [12]. In adults with primary seeding and after a GTR, however, the 
issue of adjuvant therapy is not established, probably because primary seeding of 
MPE is not a recognized phenomenon [11]. Only follow-up with craniospinal MRI 
studies after gross GTR—or “prophylactic” postoperative irradiation and chemo-
therapy after GTR or STR—may be considered [12].

Recent study showed that up to one-third of all patients with MPE have distant 
metastases at the time of diagnosis, whereas around 73% did not show progression 
or symptoms during the follow-up of 3 years [22]. For distant metastases of MPEs 
without clinical manifestation, some authors prefer close clinical examination; MRI 
follow-up represents a sufficient strategy because most metastases remain asymp-
tomatic and do not show progression over time. Additional resection or irradiation 
as salvage therapy would be recommended if metastases become symptomatic [22].

15.11  Adjuvant Treatment

Radiotherapy of the brain and whole spine may be recommended when a piecemeal 
resection is performed due to the rupture of the tumor capsule during surgery in 
order to prevent the local recurrence and CSF dissemination [39]. Usually, adjuvant 
high-dose radiotherapy (≥50.4 Gy) will be administered to patients undergoing sub-
total resection or biopsy [13].
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In 2006, Akyurek et al. [3] observed a significant decrease in the rate of tumor 
progression with adjuvant radiotherapy regardless of the extent of resection. Further 
studies showed that 5-year PFS was improved in patients receiving surgery plus 
radiotherapy (74.8%) compared with PFS in patients who received surgery alone 
(50.4%) [49]. Radiotherapy increases 10-year PFS from <40–70% in patients who 
received radiotherapy [13]. Radiotherapy dose-response relationship with PFS was 
also demonstrated in research that focused on pediatric MPE patients [54], which 
suggested that stereotactic radiosurgery with adjuvant radiotherapy provided an 
improved prognosis in disease control than with GTR alone [73] with significant 
improvement in the 5-year local control rate in patients who were treated with radia-
tion doses higher than 50 Gy than those who received lesser doses [62].

However, the role of adjuvant radiotherapy remains controversial. One meta- 
analysis found that radiotherapy did not result in significant improvements in treat-
ment with GTR alone compared with GTR plus radiotherapy, or in treatment with 
stereotactic radiotherapy alone compared with stereotactic radiotherapy or radio-
therapy [60].

Chemotherapy has been suggested as a potential treatment to prevent recurrence, 
but its efficacy has not been established in MPEs. There are single case reports that 
describe the benefit of use of temozolomide concomitant with radiotherapy follow-
ing multiple surgeries of recurrent MPEs with disseminated metastases [74]. 
Imatinib as second-line chemotherapy and the multi-kinase inhibitor sorafenib as 
third-line chemotherapy for metastatic MPEs have been reported [75].

15.12  Outcomes

We differentiate between the surgical (neurological) outcome and survival of 
patients with MPEs. In one recent analysis, the Surveillance, Epidemiology, and 
End Results (SEER) database, which includes over 700 cases of MPEs, identified 
surgical resection, radiotherapy (adverse prognostic factor of overall survival, likely 
due to selection bias), age < 30 years, and Caucasian race (decreased OS on multi-
variate analysis) as significant prognostic factors [4]. Despite their delicate location 
and often enormous size, surgical morbidity in experienced hands is low with good 
chances for postoperative clinical improvements and very low recurrence rates after 
GTR for encapsulated tumors [7]. Long-term outcome depends on the amount of 
resection and the presence of a tumor capsule [7], whereas larger tumors are found 
to perforate the capsule due to delayed diagnosis [39]. Preoperative functional sta-
tus and the extent of removal were the significant prognostic factors influencing 
postoperative outcome [46]. Outcome is better for patients presenting predomi-
nantly with pain rather than neurological deficits [6]. Presence of urinary difficulties 
at the time of diagnosis is a relatively poor prognostic sign [76]. Permanent surgical 
morbidity is seen in 8–15% of patients [7, 23].

The estimated 10-years overall survival has been reported to be 92.4% [13] with 
10-year PFS of 61.2% [13]. Age (<36 vs. ≥36 years), treatment modality (surgery 
alone vs. surgery and radiotherapy), and extent of surgery are prognostic factors for 
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local control and PFS [13]. However, treatment failure—including local failure, dis-
tant spinal relapse, and brain failure—has been reported to occur in up to one-third 
of patients [13]. The observed pattern of failure is mainly local, but up to one-fifth 
of patients presents with a concomitant spinal or brain component [49].

Risk of treatment failure decreases with GTR [9, 13]. According to most studies, 
GTR is strongly associated with PFS, while other studies suggest that GTR must be 
combined with high-dose radiotherapy in order to increase PFS [49]. Factors having 
a positive influence on the prognosis (risk of recurrence) are clinical history >1 year, 
confinement of tumor to the filum terminale, and total tumor removal [10]. 
Postoperative radiotherapy tends to prolong the recurrence-free interval for patients 
with unencapsulated tumors [7].

15.13  Follow-Up

If a complete resection of MPE is performed, the patient should be followed conser-
vatively; however, if the capsule was violated or there was a STR, craniospinal 
irradiation may be performed to prevent CSF dissemination [39]. Neurosurgeons 
should be aware of the possibility of primary seeding and drop metastasis of an 
MPE, and they should also consider complete craniospinal imaging as part of both 
the preoperative work-up and postoperative follow-up and surveillance [11]. 
Diagnostic lumbar puncture at the time of diagnosis and before resection—or at a 
time of recurrence—to assess dissemination should be considered [11]. Long term 
or even lifelong MRI follow-up for these patients could be considered [11].
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16Pediatric Spinal Cord Tumors:  
Diagnosis and Management

Jaafar Basma, Jimmy Ming-Jung Chuang, 
and Frederick A. Boop

16.1  Introduction

Intramedullary spinal cord tumors (IMSCTs) are a rare entity. They account for only 
4–6% of all central nervous systems (CNS) tumors [1]. In the United States, only 
around 150 cases of pediatric IMSCTs are newly diagnosed each year [2]. Pediatric 
IMSCTs comprise around 35% of all intraspinal neoplasms, whereas this ratio 
drops to 20% in adults [3]. Primary glial tumors—such as astrocytomas, ependymo-
mas, and gangliogliomas—account for more than 80% of Pediatric IMSCTs, most 
of which have a low histological grade [4, 5]. High grade tumors comprise about 
10% of pediatric IMSCT [6]. Other pathologies include developmental tumors, 
such as lipomas, teratomas, dermoids, and epidermoid cysts [7, 8].

Most pediatric IMSCTs progress slowly. The pattern of clinical presentation var-
ies according to the anatomical site. They can be focal, or may involve the holocord 
from the cervicomedullary junction to the conus medullaris. At least 50% occur in 
the cervical and cervicothoracic region and usually span an average of 5.4 vertebral 
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levels when diagnosed [4]. Most have a cystic component at the rostral and/or cau-
dal aspect of the solid tumor, and intratumoral cysts can occur within the solid por-
tion as well. Extramedullary or extradural tumors rarely extend over many levels 
and usually do not have a cystic component [9].

Surgery is indicated for any newly diagnosed intramedullary tumor in a child. If 
the pathology is focal and benign, the aims of the surgery are to obtain a histological 
diagnosis and remove as much tumor as possible to prevent neurological decline. 
Advances in neuroimaging, microsurgical technique, surgical equipment, and intra-
operative neurophysiology have encouraged a more aggressive resection with safer 
functional preservation [2, 10, 11]. Although current retrospective series support 
aggressive resection with improvement in long-term survival and quality of life, late 
recurrences do occur despite adequate surgical resection. If the lesion is high grade 
and infiltrative, only a biopsy is generally warranted. Adjuvant therapy, including 
chemotherapy and radiation, although of limited efficacy, still has some role. The 
tumor pathology, tumor location, and the possibility of achieving a gross total resec-
tion determine whether adjuvant therapy is needed.

16.2  Epidemiology

The incidence of pediatric intramedullary spinal cord tumor is less than 1 per 
100,000 with a slight predominance in boys [6]. Pediatric IMSCTs are found 
throughout the neuraxis, most commonly in the cervical and cervicothoracic 
regions. In adults, the incidence of intradural—but mostly extramedullary—tumors 
is increased and the lumbar location is more preponderant [11]. Astrocytomas are 
the most common IMSCTs in the pediatric population [10, 11]. In children younger 
than 10 years old, around 90% of IMSCTs are astrocytomas (and are also more 
frequently benign). This percentage declines to around 60% in the adolescent years 
with an increase in percentage of ependymomas. In adults, intramedullary ependy-
momas become the majority of IMSCTs [12]. Spinal hemangioblastomas are rare 
and they can be associated with von Hippel-Lindau (VHL) disease [13]. Table 16.1 
shows the different characteristics of the two most common pediatric IMSCTs 
(ependymomas and astrocytomas). Table 16.2 compares the features of pediatric 
and adult IMSCTs.

Neurofibromatosis type 1 (NF1) and neurofibromatosis type 2 (NF2) are both 
associated with tumors of the CNS [14]. Patients with NF1 are more likely to have 
astrocytomas as IMSCT. NF2 is more commonly associated with schwannomas and 
meningiomas, but there is also an association with intramedullary ependymomas 
[15, 16]. Around 70% of intramedullary ependymomas that did not meet the neuro-
fibromatosis criteria have NF2 gene mutation [17]. Besides NF1, pediatric intra-
medullary spinal cord astrocytomas can be clustered with inherited syndromes, 
such as Li-Fraumeni syndrome, Turcot’s syndrome, tuberous sclerosis complex 
(TSC), and Maffucci Ollier disease [18, 19].
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16.3  Clinical Presentation

Most pediatric IMSCTs are benign and slowly progressive. Clinical diagnosis is 
difficult due to their insidious clinical presentation. The median duration of symp-
toms for pediatric IMSCTs from the initial complaint to the time of surgery is 9.2 
(range, 1.6–27) months. Malignant tumors usually progress rapidly and insidiously. 
The pattern of clinical presentation varies according to the anatomical site. Local 
pain is the most common early presenting symptom. Other symptoms include motor 
disturbances, dysesthesias, torticollis, kyphoscoliosis, and (rarely) sphincter dys-
function [20, 21].

While extramedullary tumors tend to be associated with radicular pain, dyses-
thetic pain is more common in IMSCTs due to alteration in peritumoral edema [22, 
23]. Young children are often unable to express their complaints clearly; for  example, 
they often speak of abdominal pain and “mis-localize” their symptoms. 

Table 16.1 Characteristics of pediatric intramedullary astrocytomas and ependymomas

Astrocytoma Ependymoma
Incidence Younger children Older children
Location in cord Eccentric Central
Level Cervicothoracic Cervical spine and filum 

terminale
MRI findings Ill-defined borders

Heterogeneous enhancement
Better defined borders
Symmetric enhancement
Hemosiderin deposit sign

Association with 
neurofibromatosis

Neurofibromatosis type I Neurofibromatosis type II

Grading 10% are malignant Most are benign
Tumor/cord interface Usually poor plane Usually clear plane
Neurological function 
after surgery

Less improvement Better improvement

Evidence-based 
treatment

Resection (class IIB) and 
radiation (class IIa); 
chemotherapy is class IIb

Resection (class I) and radiation 
(class IIa); chemotherapy is  
class IIb

Prognosis Worse Better

Table 16.2 Characteristics of adult and pediatric IMSCT

Adult IMSCT Pediatric IMSCT
Incidence Around 850–1700 cases/year Around 150 cases/year
Ratio of all spinal tumors <20% 35%
Most common pathology Ependymoma Astrocytoma
Location Most in cervicothoracic region,  

but increased in lumbar
Most in cervicothoracic 
region

Long term prognosis Better Worse
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Some  children may complain of disproportional symptoms following a trivial 
injury. But this pain is not relieved with rest and may be nocturnal, even awakening 
them from sleep. In children, progressively worsening back pain should be taken 
seriously, especially when it occurs during the night and causes sleeplessness.

Children may present with motor deficits, such as clumsiness, weakness, and 
frequent falls. In infants, this may manifest as motor regression after having learned 
how to walk. When the tumor occurs in the cervical region, nuchal pain and torticol-
lis are common early symptoms. Sensory complaints are not common and are usu-
ally limited to one upper extremity. A discrete sensory level may be noted in the late 
course of the disease [10]. Progressive spinal deformity, such as kyphoscoliosis and 
limb length deformities are also common. Thirty-six percent of children with 
IMSCTs have preoperative spinal deformity [24]. This deformity could progress 
particularly after the tumor resection, most likely resulting from a combination of 
neuromuscular dysfunction, laminectomy, and radiation therapy [2]. Patients should 
be followed up throughout childhood and adolescence for development or aggrava-
tion of spinal deformity.

Hydrocephalus in IMSCTs is not rare and can occasionally be fulminating in its 
presentation. Rifkinson-Mann et al. reported 25 patients (14.6%) with hydrocepha-
lus in a single institution series of 171 patients with IMSCT [25]. Symptoms and 
signs include headaches and papilledema. The incidence of hydrocephalus occurs in 
greater frequency in the adult population and with malignant pathology [25, 26].

There is often a lag between the onset of pediatric IMSCT symptoms and diag-
nosis. Only a high degree of suspicion, a detailed clinical history, and a targeted 
neurological examination lead to more accurate and timely diagnosis.

16.4  Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is the most important imaging tool for the diag-
nosis of IMSCTs. T1-weighted imaging may reveal the extent and content of neo-
plasia and the state of the arachnoid space. T2-weighted imaging better delineates 
the edema and any cystic components. Gadolinium contrast enhancement reveals 
the tumor’s vascularity and homogeneity (Fig. 16.1). Differences in the patterns of 
enhancement can suggest certain pathologies over others. In general, ependymomas 
capture the contrast medium more readily than astrocytomas (Table 16.1). Although 
a precise differential diagnosis is not possible from imaging characteristics alone, 
different lesions tend to have different radiological features.

Ependymomas are usually centrally located in the spinal cord with symmetrical 
contrast enhancement and sharply defined borders, whereas astrocytomas are usu-
ally eccentric, with heterogeneous contrast enhancement and ill-defined borders. 
Intramedullary ependymomas can show a “Cap sign” in which areas of low signal 
density appear on the tumor borders due to hemosiderin deposition.

Non-neoplastic intramedullary lesions should be considered also in a differential 
diagnosis, such as demyelinating lesions or vascular malformations. These can 
sometimes show gadolinium enhancement, but generally, the spinal cord is not 
expanded and its diameter is not enlarged.
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16.5  Histopathology and Genetic Biology

16.5.1  Astrocytoma

Histopathology. Astrocytomas are the most common type of pediatric IMSCT [9]. 
Tumor cells arise from glial cell precursors that infiltrate the spinal cord These 
tumors can be divided in subtypes following the new grading scale established by 
the World Health Organization (WHO) in 2016: Grade I (pilocytic astrocytoma and 
subependymal giant cell astrocytoma), Grade II (diffuse astrocytoma, pleomorphic 
xanthoastrocytoma, gemistocytic astrocytoma), Grade III (anaplastic astrocytoma) 
and Grade IV (glioblastoma multiforme and gliosarcoma) [27]. The most common 
astrocytoma subtype in pediatric IMSCT is the pilocytic astrocytoma. They occur 
more commonly in the thoracic region and can involve the holocord. Pilocytic astro-
cytomas may be associated with large tumoral cysts (Fig. 16.1), or with leptomen-
ingeal metastases.

Classic histology includes bipolar tumor cells, eosinophilic Rosenthal fibers, and 
granular bodies that alternate with microcystic areas comprising loosely arranged 
astrocyte-like cells. However, pilocytic astrocytomas can show a wide morphologic 
spectrum with areas resembling oligodendrogliomas or high-grade gliomas, which 
can make a definitive diagnosis challenging.

Genetic Biology. Genetic studies of intramedullary astrocytoma are limited 
owing to the rarity of their incidence. Genetic analysis of pilocytic astrocytomas has 
found numerous genetic aberrations, but no specific tumor suppressor genes or 
oncogenes have been identified. However, genetic research of intracranial astrocy-
tomas has paved the way to discerning candidate genes in IMSCT. The most fre-
quent aberrations detected in cytogenetic and array-based analyses involved trisomy 
of chromosome 5 and chromosome 7 or gains of 7q [28, 29]. Pfister et al. reported 

a b c

Fig. 16.1 A 3-year-old female presented with progressive weakness, back pain, and torticollis. 
Sagittal T1 (a), T2 (b), and Gadolinium-enhanced T1 (c) magnetic resonance images were per-
formed. These demonstrate a T4–6 enhancing intramedullary spinal cord tumor with associated 
holocord syringomyelia. A T3–7 laminoplasty was performed with a dorsal median myelotomy to 
resect the tumor. The final pathological analysis was consistent with Grade I pilocytic 
astrocytoma
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30 of 66 low-grade astrocytomas (45%) with copy number gain at chromosome 
band 7q34 spanning the BRAF locus [30]. This led to the conclusion that there may 
be a gain of BRAF, with subsequent BRAF overexpression in MAPK pathway acti-
vation in low-grade astrocytomas [31]. Jones et al. described a tandem duplication 
at 7q34 in 66% of pilocytic astrocytomas, which is not observed in series of high 
grade astrocytomas. This aberration results in an in-frame fusion gene incorporating 
the kinase domain of the BRAF oncogene [32]. In addition, the canonical Val600Glu 
BRAF mutation has been found in a variety of low grade astrocytomas [33]. Beyond 
BRAF, Horbinski et  al. reported a deletion of the tumor-suppressor gene cyclin- 
dependent kinase inhibitor 2A (CDKN2A, also known as p16) as the most common 
mutation in pilocytic astrocytomas [34]. This study also found loss of heterozygos-
ity at 9p21, which encompasses CDKN2A, or at 10q23, which includes the phos-
phatase and tensin homologue gene in 31.6% and 50% of pilocytic astrocytomas. 
The frequency and specificity underline its potential as a therapeutic target and as a 
diagnostic marker.

Pilocytic astrocytomas and high-grade intramedullary astrocytomas have also 
been reported to be associated with familial NF1 [14, 16]. Patients with NF1 have a 
mutation in the neurofibromin gene (17q11.2). Loss of heterozygosity of the NF1 
gene was observed in 92% of pilocytic astrocytomas with NF1 compared with only 
4% of those without NF1 [35].

16.5.2  High Grade Astrocytoma

Data on intramedullary high-grade gliomas suggest that they are rare, occurring in 
only 10% of cases [36, 37]. Patients present with rapid clinical decline, and some-
times with signs and symptoms of metastatic disease. On imaging, it is difficult to 
differentiate a malignant astrocytoma from a low-grade tumor, except for the high 
rate of leptomeningeal spread at presentation. It is recommended that full preopera-
tive neuraxis MRI be performed in children in whom a rapidly progressive clinical 
course suggests a malignant lesion. This will likely have a high positive yield and 
provide valuable information prior to surgical intervention.

The prognosis for high-grade astrocytomas is extremely poor with most patients 
dying from progressive disease in less than 6 months [37]. The majority of these 
patients will develop leptomeningeal metastases at recurrence and get an unsatisfac-
tory response to adjuvant radiotherapy and chemotherapy [36]. There is no evidence 
to support aggressive resection in the management of malignant IMSCTs. No cor-
relation has been proven between extent of resection and survival [36, 37]. A frozen- 
section analysis is recommended in order to determine whether the tumor is 
malignant. Consequently, resection of a high-grade astrocytoma is usually conser-
vative, with the aim to perform a palliative decompression with myelotomy and cyst 
drainage.

Approximately 68% of intracranial astrocytomas demonstrate mutations in 
 isocitrate dehydrogenase 1 (IDH1) and IDH2 genes. However, the rate of IDH 
mutations in spinal astrocytomas is not fully known. Pollack et al. reported a low 
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IDH mutation frequency in pediatric spinal cord astrocytomas [38]. Govindan 
et  al. reported six spinal glioblastoma, of which five were immunoreactive for 
tumor suppressor protein 53 (TP53) [39]. Recent studies also reported the impor-
tance of the H3.3 variant in glioblastomas, which implicated abnormal deoxyribo-
nucleic acid (DNA) methylation in the generation of intracranial and spinal 
high-grade gliomas [40, 41].

16.5.3  Ependymoma

Histopathology. Ependymomas are the second most common type of pediatric 
IMSCT and the most common IMSCT in adults [10, 11]. Tumor cells are thought to 
arise from ependymal cells of the central canal, but recent evidence suggests that 
they have similar histopathology to radial glial stem cell undergoing malignant 
transformation [42, 43]. Based on specific histological findings, ependymal neo-
plasms are classified according to the 2016 World Health Organization grading sys-
tem. Grade I includes subependymoma and myxopapillary ependymoma. Grade II 
encompasses ependymomas, papillary ependymomas, clear cell ependymomas and 
tanycytic ependymomas, while anaplastic ependymomas are of grade III. Grade II 
intramedullary ependymomas are often found in the cervical and thoracic spinal 
cord [44]. Most intramedullary ependymomas are slow growing and display a 
benign pathology.

On classic histological examination, ependymomas are highly cellular tumors, 
irrespective of their grade. Grade II ependymomas are usually well circumscribed 
and do not infiltrate adjacent spinal cord tissue. Microscopic findings include pseu-
dorosettes and perivascular clustering.

Myxopapillary ependymomas are less common in the pediatric population and 
tend to be more aggressive and prone to distant subarachnoid dissemination [45]. 
They account for up to 50% of intramedullary spinal cord ependymomas, especially 
in adults, and typically arise from the filum terminale. Myxopapillary ependymo-
mas are characterized by cuboidal or elongated tumor cells, which are arranged in a 
papillary pattern around the stromal cores. Abundant mucin can accumulate between 
myxopapillary ependymoma cells and vessels. Adjuvant radiation therapy improves 
local disease control after surgery, and craniospinal radiation may be required for 
any intracranial or intraspinal dissemination [46].

Genetic Biology. Adult and pediatric ependymomas seem to represent different 
clinical entities. Recent evidence suggests that they arise from distinct stem cell precur-
sors [42, 43]. In addition, emerging evidence also suggests that intramedullary ependy-
momas are genetically distinct from intracranial ependymomas [47, 48]. Witt et al. 
studied two non-overlapping databases of grossly histologically similar ependymoma 
tissues and applied non-negative matrix factorization [49]. They identified three dis-
tinct groups of tumors on the basis of their location: supratentorial ependymomas, pos-
terior fossa ependymomas, and a group of posterior fossa ependymomas with spine 
ependymomas. The spinal ependymomas—clustered with a distinct subgroup of pos-
terior fossa ependymomas—demonstrated whole- chromosome anomalies.
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Applying ribonucleic acid (RNA) expression analysis, Korshunov et al. reported 
high expression levels of HOXB5 (17q21.3), PLA2G (1p35), ITIH2 (10p15), and 
CDKN2A (9q21) genes in spinal ependymomas [47]. Homozygous deletions, loss 
of heterozygosity, and mutations in the NF2 gene have been found in both sporadic 
and NF2-associated spinal ependymomas [48]. Monosomy and alteration of 22q, 
where NF2 gene is located, are observed in 30% and 40% of intramedullary epen-
dymoma [50].) In one study, 71% of patients with intramedullary ependymomas 
without meeting the criteria for neurofibromatosis were shown to possess mutation 
in the NF2 gene [17].

16.5.4  Hemangioblastoma

Intramedullary hemangioblastomas are rare and benign tumors that can occur spo-
radically or as a manifestation of VHL disease. They account for 3% of all IMSCTs 
and are the third most frequent IMSCT. Their tumor cells are thought to arise from 
a mesenchymal origin within the vascular system of the spinal cord. Tumors tend to 
occur in the dorsal aspect of the cord, which causes progressive sensory or proprio-
ceptive deficits. Due to their high vascularity, there is higher risk of tumor hemor-
rhage, leading to a clinical presentation with acute symptoms.

Around 30% of patients with intramedullary hemangioblastomas also have VHL 
disease [51]. VHL disease has an autosomal dominant inheritance pattern and is 
caused by loss of the tumor suppressor gene located at 3p25-26 [52]. VHL gene 
mutation stimulates the growth of new blood vessels with an increased level of vas-
cular endothelial growth factor (VEGF) [53]. Lesions associated with VHL include 
CNS hemangioblastomas, pancreatic cysts, pheochromocytomas, retinal angiomas, 
renal cysts, and epididymal cystadenomas [54].

16.5.5  Gangliogliomas and Miscellaneous Spinal Cord Tumors

Intramedullary gangliogliomas are very rare. They account for only 1% of pediatric 
IMSCTs [55]. The mean age of patients with intramedullary gangliogliomas is 
12 years, ranging from 8.5 to 31 years. Ganglioglioma cells are from both neuronal 
(ganglion cells) and glial origins. They are usually slow-growing and benign. 
Although their pathology may vary between WHO Grades I to III, the majority is 
Grade I, depending on the relative differentiation of the neuronal and glial elements 
[56]. The most common location for gangliogliomas to arise in the spinal cord is the 
cervical region with possible extension from the medulla [57]. Intramedullary gan-
gliogliomas span an average length of eight vertebral bodies, whereas intramedul-
lary astrocytomas or ependymomas span an average length of four vertebral bodies. 
Intramedullary gangliogliomas may even affect the entire spinal cord in 15% of 
cases [57].

Histologically, gangliogliomas are composed of large clustered neurons and neo-
plastic glial cells. Eosinophilic granular bodies and Rosenthal fibers are common. 
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The neurons are immunopositive for synaptophysin, neurofilament protein, neuron- 
specific enolase, and chromogranin A [58].

Inclusion tumors, metastases, lymphomas, melanomas, and neurocytomas 
account for most of the remainder of IMSCTs. Around 4% of intramedullary lesions 
are not neoplastic lesions. Lipomas are the most common developmental lesion and 
account for 1% of all intramedullary spinal cord masses [59].

16.6  Treatment Rationale

Although most pediatric intramedullary spinal cord tumors have a benign pathol-
ogy, most will progress and ultimately lead to progressive neurological deficits [11, 
60]. Despite the progress of adjuvant treatments (i.e., chemotherapy and radiation 
therapy) in other fields of oncology, their success in controlling most pediatric 
IMSCT remains poor. Surgery continues to be the mainstay of treatment, with a 
goal to achieve gross total resection whenever possible. Complete surgical resection 
was shown to confer a higher rate of overall and progression-free survival [61–63]. 
Disease control with repeat surgeries for recurrent residual tumors may be an alter-
native to the employment of expensive and ineffective long-term adjuvant therapies. 
Outcome depends on tumor pathology (low grade vs. high grade), patient’s age 
(younger patients have a better recovery), preoperative neurological function, and 
surgical extent of resection.

16.7  Surgery

The goal of surgery for pediatric IMSCT is gross total resection with optimal pres-
ervation of neurological function. Several factors influence the surgical success, 
including tumor infiltration (it is difficult to achieve a gross total resection of infil-
trating astrocytomas), tumor pathology (ependymomas have a better defined margin 
with the surrounding spinal cord compared with astrocytomas), tumor grade (high 
grade astrocytomas carry a greater risk of recurrence), preoperative neurological 
status (patients with preoperative deficits are less likely to improve after surgery), 
and tumor size [60, 64, 65].

16.7.1  Extra–Medullary Stage

In our center, the patient is usually positioned prone with the knees and hips flexed. 
Depending on the patient’s age, small gel bolsters or chest rolls made with towels 
and sheets are used. Pressure points are well padded, especially in the pediatric 
population, including ankles, knees, hips, iliac crests, wrists, elbows, ribs, and clav-
icles. We use a 3-point Mayfield head holder (Mayfield Medical Services, Bethalto, 
IL) for the cervical and upper thoracic spine tumors. While most surgeons prefer to 
place the patient in a reverse-Trendelenburg position to maximize venous drainage, 
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special attention should be made to younger patients, especially those with concern 
for cerebrospinal fluid (CSF) outflow obstruction, hydrocephalus [25], and ventric-
ular shunts. In patients with shunts, intradural procedures (including spinal surger-
ies) can result in shunt malfunction [66]. In these instances, we recommend using a 
slight Trendelenburg position to avoid excessive drainage of CSF and an abrupt 
change of CSF pressure differential with the intracranial cavity (Fig. 16.2).

The X-ray fluoroscopy C-arm machine is used to localize the tumor level. Full 
longitudinal exposure is necessary with the incision extending rostrally and caudally 
to the tumor. Following a midline incision, a subperiosteal dissection is performed to 
expose the laminae. Careful technique is needed in the pediatric population with gen-
tle palpation of the bony landmarks to avoid plunging into the dural sac. Using a 
curette, the superior border of the superior lamina and the inferior border of the infe-
rior lamina are dissected off the dura; laminectomies are started with a Kerrison ron-
geur. The footplate of a high-speed drill, usually with a B-5 drill bit, can then be 
inserted to complete the laminotomy over the entire area of exposure. The bone is 
preserved to perform a replacement laminoplasty after the dura is closed. Intraoperative 
ultrasonography can be useful in visualizing the tumor and ensuring that the exposure 
includes its rostral and caudal poles. The dura is opened with a 15 or 11 blade knife, 
and the arachnoid is divided using a blunt nerve hook. The dural leaflets are retracted 
along with the arachnoid using 6-0 Prolene sutures. To keep the surgical field dry, long 
strips of cottonoids are placed in the epidural space.

16.7.2  Intramedullary Stage

Surgical access to the tumor. Access to the tumor should be made with the short-
est, most direct, and safest route. In certain cases, the lesion expands the dorsal 
aspect of the cord and becomes visible through the pia. In these instances, a direct 
transpial approach can be used, as no significant parenchymal dissection is needed 
to reach the tumor bed. The tumor can then be followed rostrally and caudally by 
splaying the pial tissue overlying it. If the tumor is not visible, the surgeon should 
study the preoperative images and plan for the least disruptive transparenchymal 

Fig. 16.2 A 9-year-old 
patient with a metastatic 
anaplastic ependymoma 
presented with recurrent 
progressive disease in his 
lumbar spine. To avoid 
emptying his ventricles of 
CSF, we placed the patient 
in a slight Trendelenburg 
position to avoid excessive 
drainage of cerebrospinal 
fluid
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corridor to expose the tumor. The posterior median sulcus approach—or dorsal 
median myelotomy—is most commonly used for pediatric spinal cord tumors 
(mostly ependymomas and astrocytomas). Alternatively, a dorsal root entry zone 
approach through the dorsal lateral sulcus or a lateral approach can be employed, if 
the tumor is more laterally oriented (smaller hemangioblastomas and vascular mal-
formations) (Fig. 16.3) [67–69].

During the posterior median sulcus approach, it is mandatory to identify the 
midline before the myelotomy is carried out. The posterior median sulcus is fre-
quently visualized under the posterior spinal vein, which needs to be dissected 
and mobilized (Figs. 16.3 and 16.4a). Smaller exiting veins can be carefully cau-
terized and divided, but the larger posterior spinal vein should be preserved when 
possible. Alternatively, the midline can be identified as the midpoint between the 
posterolateral sulci or between the posterior spinal arteries (Fig. 16.3) [68]. After 
the myelotomy, the posterior sulcal central veins, which course vertically on 
either side of midline, are also helpful in orienting the surgeon, especially during 
tumor resection adjacent to edematous parenchyma (Fig. 16.4c). After the initial 
myelotomy, the opening is extended rostrally and caudally by splaying the medul-
lary tissue with the bipolar forceps (6B). Care must be taken to preserve the pos-
terior arterial sulcal branches supplying the dorsal columns to avoid significant 
postoperative sensory syndromes.

Smaller tumors located laterally in the spinal cord and deep below the pial sur-
face can be accessed through a posterolateral sulcus or dorsal root entry zone 
approach [67–69]. The posterolateral sulcus is identified between the posterior spi-
nal artery and the dorsal nerve root. A myelotomy at the level of the dorsal root 
entry zone leads to the posterolateral tract of Lissauer and eventually to the substan-
tia gelatinosa at the dorsal and medial aspect of the dorsal horn of the gray matter. 
A further lateral myelotomy can also be performed midway between the ventral and 
dorsal nerve roots. To achieve this lateral approach, the facet joint and the pedicle 
have to be drilled and the dentate ligament cut to mobilize the spinal cord. The lat-
eral myelotomy opens a plane between the dorsal and ventral spinocerebellar tracts 
anterior to the lateral corticospinal tract (Fig. 16.3) [67].

Identification of the tumor-parenchyma plane and tumor debulking. 
Although this step is critical to achieving gross total resection with minimal injury 
to normal surrounding tissue, the interface between the tumor and spinal cord may 
be difficult to appreciate. In cases of infiltrative astrocytomas or high-grade and 
recurrent tumors, such a plane may not exist. Preoperative tractography can help 
differentiate tumors that are infiltrative from those that displace the white matter 
tracts. The surgeon should take advantage of every possible cue, including tumor 
texture, color, vascularity, behavior under suction and ultrasonic aspirator, vascular 
and peritumoral edema, gliosis, and hemosiderin deposits. Dissection should be 
performed on the side of the tumor at the interface to minimize collateral injury to 
normal spinal cord. Micro-coagulation of the tumor surface can shrink the tumor 
away from the spinal cord, which is particularly helpful in hemangioblastomas [70, 
71]. Feeding arteries should be carefully identified, coagulated, and cut. En passage 
perforators need to be preserved, especially at the ventral aspect of the tumor where 
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Dorsal median
sulcus

Postero-lateral sulcus

Lateral

Posterior spinal vein

Posterior spinal Artery

Anterior spinal artery

b

a

Ventral
nerve

root

Dorsal
nerve

root

Dura

Fig. 16.3 Illustration of the surgical anatomy of the spinal cord. (a) The arachnoid covering the spinal 
cord is thickened at midline, forming the midline septum. The posterior spinal vein travels along the 
dorsal median sulcus. In difficult cases, midline can also be estimated at the median between the two 
posterior spinal arteries. The posterolateral sulcus is between the posterior spinal artery and the dorsal 
nerve root. It includes the dorsal root entry zone and overlies the posterolateral tract of Lissauer, leading 
to the dorsal horn of the gray matter. The anterior spinal artery courses in the anterior median fissure 
where it sends major perforators to the spinal cord. (b) Approaches to lesions located deep to the pial 
surface of the spinal cord include the dorsal median sulcus approach, the posterolateral sulcus approach 
(dorsal root entry zone) and the lateral approach (midway between the dorsal and ventral nerve roots)
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there is an abundance of branches from the anterior spinal artery (Figs. 16.4d and 
16.5). Tumor resection can be done en bloc if the tumor is small in size and has a 
well-circumscribed plane around it (e.g., ependymomas). However, excessive trac-
tion of normal parenchyma should be averted. Tumor debulking with a suction 
device or an ultrasonic aspirator is often necessary for a safer resection in larger and 
more infiltrative tumors. Debulking should be performed in a longitudinal fashion 
slowly progressing one layer at a time with frequent inspection of tumor-cord inter-
face and coagulation of small tumor feeders.

Adapting the surgical technique to the pathology. Early recognition of tumor 
pathology helps guide the necessary surgical technique. Careful inspection of tumor 
characteristics and—most importantly—sending a sample for early pathological 
analysis of a frozen section can change the course of surgery. If the tumor shows 
obvious signs of high-grade pathology and invasiveness (i.e., necrosis, frequent 
mitoses, microvascular proliferation, necrosis and hemorrhage), then either treat-
ment or aggressive resection should not be attempted as it will not have any influ-
ence on the overall survival. In these instances, the spinal cord is decompressed by 
performing a myelotomy and removing any cystic components of the tumor.

Ependymomas usually have a cleavage plane with the surrounding spinal cord. 
The tumor can be dissected off the normal parenchyma by following its capsule and 
coagulating the small feeding vessels that course into it. Ependymomas also tend to 
be central and frequently have cysts or syrinxes at their poles, which can be helpful 

a

c d

b

Fig. 16.4 Intraoperative microscopic photographs showing the microsurgical resection of an 
intramedullary spinal cord astrocytoma. (a) The tumor (T) is visible through the pia at the rostral 
pole of the exposure. The posterior spinal vein (PSV) runs over the median sulcus (MS), while the 
posterior spinal artery (PSA) is lateral to it. (b) Sharp dissection to the tumor by splaying the 
median sulcus. (c) The vertically oriented sulcal vessels (arrows) are helpful landmarks to identify 
the median plane and the dorsal edge of the tumor. (d) The ventral limit of the tumor is carefully 
dissected with lower power electro-coagulation to avoid injury to the anterior spinal perforators, 
and using feedback from intraoperative monitoring
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in defining the tumoral margins both rostrally and caudally. If deemed safe, gross 
total resection should be attempted due to its direct impact on the long-term 
progression- free survival [72, 73].

Astrocytomas on the other hand have a tendency to be excentric and infiltrative, 
which makes it more difficult to identify the tumor/parenchyma plane and achieve 
gross total resection. The strategy for these tumors is to debulk them from inside 
until the tissue becomes difficult to differentiate from normal tissue. The tumor is 
resected one plane in depth at a time to avoid breaching through the surrounding 
parenchyma. If evoked potentials become abnormal, then it is likely that normal 
tissue is being encountered [9, 63].

In cases of hemangioblastomas, the small feeding arteries can be visualized, 
coagulated, and divided around the tumor capsule. The main draining veins, most 
commonly lying on the dorsal aspect of the tumor, should be preserved until most 
arterial feeders are coagulated. The tumor can be shrunken away from the 

Myelotomy

Deep feeders

Median sulcus

Dura

Fig. 16.5 Illustration of a microsurgical resection of an intramedullary tumor through a midline 
myelotomy. Sufficient exposure at the poles of the tumor must be achieved. In tumors with a well- 
defined capsular plane (most commonly seen in ependymomas), once the interface with normal 
parenchyma is identified, the deep feeders are coagulated and circumferential dissection is per-
formed around the tumor
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surrounding parenchyma by using direct electrocoagulation, and placing small cot-
tonoid strips at the tumor/gliosis interface. Gelfoam (Pfizer, New York, NY) soaked 
in thrombin may be utilized to control the bleeding that originates from the tumor 
capsule [70, 71, 74]. It has been shown that preoperative spinal angiography and 
embolization may be used as an adjunct prior to surgery. Some series suggest that 
spinal angiography and embolization helped determine the location and the nature 
of the tumor and anatomy of the feeding artery and vascular supply [75].

Closure. After complete hemostasis and irrigation, the arachnoid can be closed 
with either interrupted 6.0 polydioxanone sutures (PDS) (Ethicon, Somerville, NJ). 
We prefer to close the dura with Gor-Tex sutures (Gore Medical, Putzbrunn, 
Germany) as they procure a stronger watertight closure. Fibrin glue and Surgicel 
(Ethicon, Somerville, NJ) can be applied to the suture line. The laminae are placed 
back in their native position and reattached to the neighboring spine with 2.0 silk 
sutures and small titanium plates and screws. Although laminoplasty was not shown 
to decrease the risk of spinal deformity, it does significantly limits the occurrence of 
postoperative cerebrospinal fluid leak [76].

16.7.3  Special Surgical Equipment

Microsurgical resection of spinal cord tumors requires special micro-instruments to 
achieve a safer and more effective surgery. Finer micro-dissectors and small con-
trolled suction devices are very helpful to dissect the plane around the tumor and 
avoid collateral injury to the spinal cord. Small bipolar forceps with fine tips should 
be employed usually with lower power-settings to avoid spread of thermal heat to 
normal parenchyma [74]. Epstein first described the use of the ultrasonic aspirator in 
pediatric spinal cord tumors [77]. This device combines the mechanisms of suction, 
high frequency vibration and cavitation. Interestingly, tumors have weaker cellular 
connections than normal vessels and nerves, and are usually more readily fragmented 
by the acoustic energy of the ultrasonic aspirator than normal tissue [78].

Nd:YAG laser scalpels were also reported for the resection of intradural tumors 
[79]. Unlike non-contact laser beam devices, laser scalpels have their energy con-
centrated to a sapphire tip, which only transmits heat to the tissue in direct contact 
with the scalpel. The laser scalpel can be used as a micro-instrument, and can 
achieve a relatively bloodless myelotomy [80]. Laser scalpels are believed to trans-
mit less thermal energy to normal surrounding parenchyma than the ultrasonic aspi-
rator, and do not result in electrical artifact during simultaneous recording of motor 
evoked potentials (MEPs).

The operative microscope should be checked and must allow for optimal illumi-
nation, magnification, and focus. Indocyanine green technology is a helpful adjunct 
to visualize and analyze the vascular anatomy [68]. Its use may be valuable in cases 
in which it is difficult to estimate the location of the posterior median sulcus, or in 
hemangioblastomas in which vascular configuration cannot be determined with cer-
tainty [70]. Intraoperative ultrasound is a serviceable tool to explore the extent of 
the tumor exposure, and in showing the cystic and solid components of the tumor. 
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In our experience, we were also able to use intraoperative MRI in pediatric patients 
with cervical and upper thoracic intradural tumors. Proper patient positioning and a 
safe setup are crucial for such endeavor.

16.7.4  Intraoperative Monitoring

Neurologic electro-physiologic monitoring has become a standard procedure during 
spinal cord surgery in most centers. Since the tumor is frequently embedded in spi-
nal cord parenchyma, neurosurgical maneuvers can easily result in collateral injury. 
This may be due to stretching, retraction, coagulation, vascular manipulation, and 
mechanical abrasions to the normal medullary tissue. Intraoperative monitoring 
provides crucial feedback in the anesthetized patient, alerting the surgeon to change 
the operative strategy when necessary. Different modalities are available, but their 
timing in detecting injuries and their interpretation are very user-dependent.

Somatosensory evoked potentials (SSEPs) detect the interruption of sensory 
inputs (dorsal columns). Because they provide an average of multiple signals, they 
tend to become abnormal later, after the injury occurs. Transcranial MEPs are 
designed to track signal transmission in the motor pathways in a more real time 
fashion. Myogenic MEPs are recorded from needle electrodes placed in extremity 
muscles (tibialis anterior, gastrocnemius). If the patient has a preoperative weak-
ness with a muscular power of 2/5 or less, myogenic MEPs may be difficult to 
obtain. Spinal MEPs are recorded from electrodes placed in the epidural space 
caudally and rostrally to the tumor, and can detect activity in large corticospinal 
axons. Unlike the myogenic response, which is all or none, their amplitude corre-
lates with the number of stimulated axons. Spinal electrodes also register D-waves, 
which—if preserved along with a drop in MEPs—may indicate a rather reversible 
deficit [81, 82].

Neurophysiological changes should always be taken seriously and interpreted 
appropriately. A change from polyphasic to biphasic myogenic waveforms indicates 
an injury to the motor circuitry. A decrease of 50% in MEPs usually predicts a sig-
nificant, and possibly a permanent deficit. A drop of MEPs associated with main-
tained D-waves usually anticipates a recoverable injury [83]. Anesthetic agents may 
interfere with electrophysiological recording; paralytics, halogenated anesthetics 
and boluses should be therefore avoided. A clear and regular communication with 
the recording technician and anesthesiologist is mandatory [82].

16.7.5  Postoperative Complications

Transient clinical deterioration after surgery is common. This may be related to col-
lateral injury to the spinal cord due to surgical manipulation or vascular injury. After 
a dorsal midline myelotomy, patients may develop a transient dorsal column dys-
function. The thoracic spinal cord has watershed vascularity and is particularly vul-
nerable to ischemia. Shunt malfunction may occur after intradural tumor resection.
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Syringomyelia may worsen after surgery and cause progressive neuropathic 
pain. It is believed that a tumor-associated syrinx is generally secondary to the 
tumor and complete resection eventually results in the dissipation of the syrinx. It is 
usually not necessary to drain the cyst during surgery; however, a close imaging 
follow-up is advised as a subgroup of patients with refractory syringomyelia may 
require a cysto-subarachnoid shunt.

Deformity is another risk after large exposures for spinal intramedullary tumors, 
especially in younger patients with ligamentous laxity, muscular weakness, and 
who may already have some degree of associated scoliosis or syringomyelia [62, 
64]. The risk is also level dependent (less in the cervical region) and increases with 
multiple surgeries, exposure of the thoracolumbar junction, and radiation [84]. 
Although laminoplasty was advocated to decrease the theoretical risk of deformity, 
this has not been shown to be statistically significant in several published clinical 
series [76]. Follow-up with serial imaging is necessary, especially in high-risk 
patients, to detect early deformity and address it with appropriate fusion if needed. 
Deformity correction should include techniques with instrumentation that still allow 
MRI surveillance for recurrent tumor or late syrinx formation.

16.8  Adjuvant Therapy

16.8.1  Radiation Therapy

Currently, radiation is mainly indicated for high-grade lesions and tumors not ame-
nable to gross total resection. Radiation of the entire neuraxis is advised in the 
management of malignant astrocytomas [85]. Adjuvant radiation therapy after sub-
total resection of lower-grade ependymomas and astrocytomas is debatable [65]. 
While some centers advocate for postoperative radiation, others prefer an expectant 
strategy with consideration for repeat surgery if the tumor recurs [86]. Experts argue 
that radiation offers a controversial benefit at the cost of spinal deformity or delayed 
secondary neoplastic disease.

The recommended radiation dose is 5000–5500 cGY (less for younger children) 
delivered in fractions of 180–200 cGY [85]. Larger fields of radiation, and even 
craniospinal radiation, are indicated for high-grade, metastatic, or multifocal 
tumors. Unlike benign myxopapillary ependymomas in adults, pediatric ependymo-
mas located in the cauda equina are more aggressive and prone for dissemination. 
They thus require a complete workup, adjuvant radiotherapy and often a larger field 
of radiation [46].

16.8.2  Chemotherapy

Although current regimens extrapolate data related to the treatment of intracranial 
and adult spinal ependymomas and astrocytomas, no substantial benefit has been 
documented in the pediatric population. Platinum-based and nitrosourea-based 
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treatments can be considered to delay adjuvant radiation. Etoposide has a question-
able benefit for recurrent ependymomas [51]. Targeted therapies may offer more 
valuable options in the future to treat tumors with specific genetic mutations.

16.9  Disease Control

Resecting more than 95% of low-grade tumors results in significant improvement of 
both overall and progression-free survival [63]. Although this is easier to accom-
plish in the better-demarcated ependymomas, the natural history of residual low- 
grade astrocytomas remains slow. Even with gross total resection, spinal cord 
tumors can still recur in a delayed fashion [11, 60]. In cases of residual and recurrent 
therapies, adjuvant therapies offer minimal benefit with potential side effects and a 
higher financial burden. We recommend a close clinical and imaging follow-up of 
these patients after surgery, and a consideration for re-operation in cases of docu-
mented decline. In the senior author’s experience, repeat surgery is a cheaper and 
more effective mean to achieve long-term disease control. Patients can “live with 
their disease” with optimal preservation of function for the longest period of time 
possible.

16.10  Conclusion

Pediatric IMSCT remain a challenge to the neurosurgeon, pediatrician, and pediat-
ric oncologist. Surgery prevails as the first-line treatment for most of these tumors. 
The surgeon should be familiar with the most advanced microsurgical techniques, 
operative devices, and intraoperative monitoring technology to perform the widest 
and safest resection with optimal functional preservation. Treatment, from specific 
surgical strategies to adjuvant therapy and long-term management plans, should be 
adapted to the pathology and to the individual patient.

References

 1. Houten JK, Weiner HL. Pediatric intramedullary spinal cord tumors: special considerations. J 
Neuro-Oncol. 2000;47(3):225–30.

 2. Constantini S, Miller DC, Allen JC, Rorke LB, Freed D, Epstein FJ. Radical excision of intra-
medullary spinal cord tumors: surgical morbidity and long-term follow-up evaluation in 164 
children and young adults. J Neurosurg. 2000;93(2 Suppl):183–93.

 3. Russell DS, Rubinstein LJ. Pathology of Tumours of the nervous system. 5th ed. London: 
Edward Arnold; 1989.

 4. Constantini S, Epstein FJ. Primary spinal cord tumors. In: Levin VA, editor. Cancer in the 
nervous system. New York: Churchill Livingstone; 1996. p. 127–8.

 5. Helseth A, Mork SJ (1989) Primary intraspinal neoplasms in Norway, 1955 to 1986. A 
population- based survey of 467 patients. J Neurosurg 71 (6):842–845. https://doi.org/10.3171/
jns.1989.71.6.0842.

J. Basma et al.

https://doi.org/10.3171/jns.1989.71.6.0842
https://doi.org/10.3171/jns.1989.71.6.0842


319

 6. Auguste KI, Gupta N. Pediatric intramedullary spinal cord tumors. Neurosurg Clin N Am. 
2006;17(1):51–61. https://doi.org/10.1016/j.nec.2005.10.004.

 7. Chatterjee S, Chatterjee U. Intramedullary tumors in children. J Pediatr Neurosci. 2011;6(Suppl 
1):S86–90. https://doi.org/10.4103/1817-1745.85718.

 8. O'Sullivan C, Jenkin RD, Doherty MA, Hoffman HJ, Greenberg ML.  Spinal cord tumors 
in children: long-term results of combined surgical and radiation treatment. J Neurosurg. 
1994;81(4):507–12. https://doi.org/10.3171/jns.1994.81.4.0507.

 9. Epstein F. Spinal cord astrocytomas of childhood. Prog Exp Tumor Res. 1987;30:135–53.
 10. Jallo GI, Freed D, Epstein F. Intramedullary spinal cord tumors in children. Childs Nerv Syst. 

2003;19(9):641–9. https://doi.org/10.1007/s00381-003-0820-3.
 11. Parsa AT, Lee J, Parney IF, Weinstein P, McCormick PC, Ames C. Spinal cord and intradural- 

extraparenchymal spinal tumors: current best care practices and strategies. J Neuro-Oncol. 
2004;69(1–3):291–318.

 12. Chang UK, Choe WJ, Chung SK, Chung CK, Kim HJ. Surgical outcome and prognostic fac-
tors of spinal intramedullary ependymomas in adults. J Neuro-Oncol. 2002;57(2):133–9.

 13. Glasker S.  Central nervous system manifestations in VHL: genetics, pathology and clini-
cal phenotypic features. Familial Cancer. 2005;4(1):37–42. https://doi.org/10.1007/
s10689-004-5347-6.

 14. Mulvihill JJ, Parry DM, Sherman JL, Pikus A, Kaiser-Kupfer MI, Eldridge R. NIH confer-
ence. Neurofibromatosis 1 (Recklinghausen disease) and neurofibromatosis 2 (bilateral acous-
tic neurofibromatosis). An update. Ann Intern Med. 1990;113(1):39–52.

 15. Dow G, Biggs N, Evans G, Gillespie J, Ramsden R, King A. Spinal tumors in neurofibroma-
tosis type 2. Is emerging knowledge of genotype predictive of natural history? J Neurosurg 
Spine. 2005;2(5):574–9. https://doi.org/10.3171/spi.2005.2.5.0574.

 16. Lee M, Rezai AR, Freed D, Epstein FJ. Intramedullary spinal cord tumors in neurofibromato-
sis. Neurosurgery. 1996;38(1):32–7.

 17. Birch BD, Johnson JP, Parsa A, Desai RD, Yoon JT, Lycette CA, Li YM, Bruce JN. Frequent 
type 2 neurofibromatosis gene transcript mutations in sporadic intramedullary spinal cord 
ependymomas. Neurosurgery. 1996;39(1):135–40.

 18. Frappaz D, Ricci AC, Kohler R, Bret P, Mottolese C. Diffuse brain stem tumor in an adoles-
cent with multiple enchondromatosis (Ollier's disease). Childs Nerv Syst. 1999;15(5):222–5. 
https://doi.org/10.1007/s003810050377.

 19. Mellon CD, Carter JE, Owen DB. Ollier's disease and Maffucci's syndrome: distinct entities or 
a continuum. Case report: enchondromatosis complicated by an intracranial glioma. J Neurol. 
1988;235(6):376–8.

 20. Ferrara P, Costa S, Rigante D, Mule A, D'Aleo C, Pulitano S, Belli P, Menchinelli P, Caldarelli 
M. Intramedullary epidermoid cyst presenting with abnormal urological manifestations. Spinal 
Cord. 2003;41(11):645–8. https://doi.org/10.1038/sj.sc.3101482.

 21. Fischer G, Brotchi J, Chignier G, Liard A, Zomosa C, Menei P, Hallacq P. Clinical Material. 
In: Fischer G, Brotchi J, editors. Intramedullary spinal cord tumors. Inc, New York: Thieme 
Medical Publishers; 1996. p. 10–21.

 22. Anderson FM, Carson MJ. Spinal cord tumors in children; a review of the subject and presen-
tation of twenty-one cases. J Pediatr. 1953;43(2):190–207.

 23. Arseni C, Horvath L, Iliescu D. Intraspinal tumours in children. Psychiatr Neurol Neurochir. 
1967;70(2):123–33.

 24. Yao K, Kothbauer KF, Bitan F, Constantini S, Epstein FJ, Jallo GI. Spinal deformity and intra-
medullary tumor surgery. Childs Nerv Syst. 2000;16:530.

 25. Rifkinson-Mann S, Wisoff JH, Epstein F. The association of hydrocephalus with intramedul-
lary spinal cord tumors: a series of 25 patients. Neurosurgery. 1990;27(5):749–54. discussion 
754

 26. Bland LI, McDonald JV. Hydrocephalus following spinal cord schwannoma resection. Arch 
Neurol. 1992;49(8):882–5.

16 Pediatric Spinal Cord Tumors: Diagnosis and Management

https://doi.org/10.1016/j.nec.2005.10.004
https://doi.org/10.4103/1817-1745.85718
https://doi.org/10.3171/jns.1994.81.4.0507
https://doi.org/10.1007/s00381-003-0820-3
https://doi.org/10.1007/s10689-004-5347-6
https://doi.org/10.1007/s10689-004-5347-6
https://doi.org/10.3171/spi.2005.2.5.0574
https://doi.org/10.1007/s003810050377
https://doi.org/10.1038/sj.sc.3101482


320

 27. Louis DN, Perry A, Reifenberger G, von Deimling A, Figarella-Branger D, Cavenee WK, 
Ohgaki H, Wiestler OD, Kleihues P, Ellison DW.  The 2016 World Health Organization 
classification of tumors of the central nervous system: a summary. Acta Neuropathol. 
2016;131(6):803–20. https://doi.org/10.1007/s00401-016-1545-1.

 28. Jones DT, Ichimura K, Liu L, Pearson DM, Plant K, Collins VP. Genomic analysis of pilo-
cytic astrocytomas at 0.97 Mb resolution shows an increasing tendency toward chromosomal 
copy number change with age. J Neuropathol Exp Neurol. 2006;65(11):1049–58. https://doi.
org/10.1097/01.jnen.0000240465.33628.87.

 29. Zattara-Cannoni H, Gambarelli D, Lena G, Dufour H, Choux M, Grisoli F, Vagner-Capodano 
AM.  Are juvenile pilocytic astrocytomas benign tumors? A cytogenetic study in 24 cases. 
Cancer Genet Cytogenet. 1998;104(2):157–60.

 30. Pfister S, Janzarik WG, Remke M, Ernst A, Werft W, Becker N, Toedt G, Wittmann A, Kratz C, 
Olbrich H, Ahmadi R, Thieme B, Joos S, Radlwimmer B, Kulozik A, Pietsch T, Herold-Mende 
C, Gnekow A, Reifenberger G, Korshunov A, Scheurlen W, Omran H, Lichter P. BRAF gene 
duplication constitutes a mechanism of MAPK pathway activation in low-grade astrocytomas. 
J Clin Invest. 2008;118(5):1739–49. https://doi.org/10.1172/JCI33656.

 31. Jeuken JW, Wesseling P. MAPK pathway activation through BRAF gene fusion in pilocytic 
astrocytomas; a novel oncogenic fusion gene with diagnostic, prognostic, and therapeutic 
potential. J Pathol. 2010;222(4):324–8. https://doi.org/10.1002/path.2780.

 32. Jones DT, Kocialkowski S, Liu L, Pearson DM, Backlund LM, Ichimura K, Collins 
VP. Tandem duplication producing a novel oncogenic BRAF fusion gene defines the major-
ity of pilocytic astrocytomas. Cancer Res. 2008;68(21):8673–7. https://doi.org/10.1158/0008-
5472.CAN-08-2097.

 33. Kim YH, Nonoguchi N, Paulus W, Brokinkel B, Keyvani K, Sure U, Wrede K, Mariani L, 
Giangaspero F, Tanaka Y, Nakazato Y, Vital A, Mittelbronn M, Perry A, Ohgaki H. Frequent 
BRAF gain in low-grade diffuse gliomas with 1p/19q loss. Brain Pathol. 2012;22(6):834–40. 
https://doi.org/10.1111/j.1750-3639.2012.00601.x.

 34. Horbinski C, Hamilton RL, Nikiforov Y, Pollack IF.  Association of molecular alterations, 
including BRAF, with biology and outcome in pilocytic astrocytomas. Acta Neuropathol. 
2010;119(5):641–9. https://doi.org/10.1007/s00401-009-0634-9.

 35. Kluwe L, Hagel C, Tatagiba M, Thomas S, Stavrou D, Ostertag H, von Deimling A, Mautner 
VF. Loss of NF1 alleles distinguish sporadic from NF1-associated pilocytic astrocytomas. J 
Neuropathol Exp Neurol. 2001;60(9):917–20.

 36. Allen JC, Aviner S, Yates AJ, Boyett JM, Cherlow JM, Turski PA, Epstein F, Finlay 
JL.  Treatment of high-grade spinal cord astrocytoma of childhood with "8-in-1" chemo-
therapy and radiotherapy: a pilot study of CCG-945. Children's Cancer group. J Neurosurg. 
1998;88(2):215–20. https://doi.org/10.3171/jns.1998.88.2.0215.

 37. Cohen AR, Wisoff JH, Allen JC, Epstein F.  Malignant astrocytomas of the spinal cord. J 
Neurosurg. 1989;70(1):50–4. https://doi.org/10.3171/jns.1989.70.1.0050.

 38. Pollack IF, Hamilton RL, Sobol RW, Nikiforova MN, Lyons-Weiler MA, Laframboise WA, 
Burger PC, Brat DJ, Rosenblum MK, Holmes EJ, Zhou T, Jakacki RI, Children's Oncology 
G. IDH1 mutations are common in malignant gliomas arising in adolescents: a report from 
the Children's oncology group. Childs Nerv Syst. 2011;27(1):87–94. https://doi.org/10.1007/
s00381-010-1264-1.

 39. Govindan A, Chakraborti S, Mahadevan A, Chickabasavaiah YT, Santosh V, Shankar 
SK. Histopathologic and immunohistochemical profile of spinal glioblastoma: a study of six 
cases. Brain Tumor Pathol. 2011;28(4):297–303. https://doi.org/10.1007/s10014-011-0041-5.

 40. Schwartzentruber J, Korshunov A, Liu XY, Jones DT, Pfaff E, Jacob K, Sturm D, Fontebasso 
AM, Quang DA, Tonjes M, Hovestadt V, Albrecht S, Kool M, Nantel A, Konermann C, 
Lindroth A, Jager N, Rausch T, Ryzhova M, Korbel JO, Hielscher T, Hauser P, Garami M, 
Klekner A, Bognar L, Ebinger M, Schuhmann MU, Scheurlen W, Pekrun A, Fruhwald MC, 
Roggendorf W, Kramm C, Durken M, Atkinson J, Lepage P, Montpetit A, Zakrzewska M, 
Zakrzewski K, Liberski PP, Dong Z, Siegel P, Kulozik AE, Zapatka M, Guha A, Malkin D, 
Felsberg J, Reifenberger G, von Deimling A, Ichimura K, Collins VP, Witt H, Milde T, Witt 

J. Basma et al.

https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.1097/01.jnen.0000240465.33628.87
https://doi.org/10.1097/01.jnen.0000240465.33628.87
https://doi.org/10.1172/JCI33656
https://doi.org/10.1002/path.2780
https://doi.org/10.1158/0008-5472.CAN-08-2097
https://doi.org/10.1158/0008-5472.CAN-08-2097
https://doi.org/10.1111/j.1750-3639.2012.00601.x
https://doi.org/10.1007/s00401-009-0634-9
https://doi.org/10.3171/jns.1998.88.2.0215
https://doi.org/10.3171/jns.1989.70.1.0050
https://doi.org/10.1007/s00381-010-1264-1
https://doi.org/10.1007/s00381-010-1264-1
https://doi.org/10.1007/s10014-011-0041-5


321

O, Zhang C, Castelo-Branco P, Lichter P, Faury D, Tabori U, Plass C, Majewski J, Pfister SM, 
Jabado N. Driver mutations in histone H3.3 and chromatin remodelling genes in paediatric 
glioblastoma. Nature. 2012;482(7384):226–31. https://doi.org/10.1038/nature10833.

 41. Wu G, Broniscer A, TA ME, Lu C, Paugh BS, Becksfort J, Qu C, Ding L, Huether R, Parker M, 
Zhang J, Gajjar A, Dyer MA, Mullighan CG, Gilbertson RJ, Mardis ER, Wilson RK, Downing 
JR, Ellison DW, Zhang J, Baker SJ, St. Jude Children's Research Hospital-Washington 
University Pediatric Cancer Genome P.  Somatic histone H3 alterations in pediatric diffuse 
intrinsic pontine gliomas and non-brainstem glioblastomas. Nat Genet. 2012;44(3):251–3. 
https://doi.org/10.1038/ng.1102.

 42. Johnson RA, Wright KD, Poppleton H, Mohankumar KM, Finkelstein D, Pounds SB, Rand 
V, Leary SE, White E, Eden C, Hogg T, Northcott P, Mack S, Neale G, Wang YD, Coyle 
B, Atkinson J, Dewire M, Kranenburg TA, Gillespie Y, Allen JC, Merchant T, Boop FA, 
Sanford RA, Gajjar A, Ellison DW, Taylor MD, Grundy RG, Gilbertson RJ. Cross-species 
genomics matches driver mutations and cell compartments to model ependymoma. Nature. 
2010;466(7306):632–6. https://doi.org/10.1038/nature09173.

 43. Taylor MD, Poppleton H, Fuller C, Su X, Liu Y, Jensen P, Magdaleno S, Dalton J, Calabrese 
C, Board J, Macdonald T, Rutka J, Guha A, Gajjar A, Curran T, Gilbertson RJ. Radial glia 
cells are candidate stem cells of ependymoma. Cancer Cell. 2005;8(4):323–35. https://doi.
org/10.1016/j.ccr.2005.09.001.

 44. Tobin MK, Geraghty JR, Engelhard HH, Linninger AA, Mehta AI. Intramedullary spinal cord 
tumors: a review of current and future treatment strategies. Neurosurg Focus. 2015;39(2):E14. 
https://doi.org/10.3171/2015.5.FOCUS15158.

 45. Pica A, Miller R, Villa S, Kadish SP, Anacak Y, Abusaris H, Ozyigit G, Baumert BG, 
Zaucha R, Haller G, Weber DC. The results of surgery, with or without radiotherapy, for 
primary spinal myxopapillary ependymoma: a retrospective study from the rare cancer 
network. Int J Radiat Oncol Biol Phys. 2009;74(4):1114–20. https://doi.org/10.1016/j.
ijrobp.2008.09.034.

 46. Merchant TE, Kiehna EN, Thompson SJ, Heideman R, Sanford RA, Kun LE. Pediatric low- 
grade and ependymal spinal cord tumors. Pediatr Neurosurg. 2000;32(1):30–6. https://doi.
org/10.1159/000028894.

 47. Korshunov A, Neben K, Wrobel G, Tews B, Benner A, Hahn M, Golanov A, Lichter P. Gene 
expression patterns in ependymomas correlate with tumor location, grade, and patient age. Am 
J Pathol. 2003;163(5):1721–7. https://doi.org/10.1016/S0002-9440(10)63530-4.

 48. Singh PK, Gutmann DH, Fuller CE, Newsham IF, Perry A. Differential involvement of pro-
tein 4.1 family members DAL-1 and NF2 in intracranial and intraspinal ependymomas. Mod 
Pathol. 2002;15(5):526–31. https://doi.org/10.1038/modpathol.3880558.

 49. Witt H, Mack SC, Ryzhova M, Bender S, Sill M, Isserlin R, Benner A, Hielscher T, Milde T, 
Remke M, Jones DT, Northcott PA, Garzia L, Bertrand KC, Wittmann A, Yao Y, Roberts SS, 
Massimi L, Van Meter T, Weiss WA, Gupta N, Grajkowska W, Lach B, Cho YJ, von Deimling 
A, Kulozik AE, Witt O, Bader GD, Hawkins CE, Tabori U, Guha A, Rutka JT, Lichter P, 
Korshunov A, Taylor MD, Pfister SM. Delineation of two clinically and molecularly distinct 
subgroups of posterior fossa ependymoma. Cancer Cell. 2011;20(2):143–57. https://doi.
org/10.1016/j.ccr.2011.07.007.

 50. Scheil S, Bruderlein S, Eicker M, Herms J, Herold-Mende C, Steiner HH, Barth TF, Moller 
P.  Low frequency of chromosomal imbalances in anaplastic ependymomas as detected by 
comparative genomic hybridization. Brain Pathol. 2001;11(2):133–43.

 51. Chamberlain MC, Tredway TL. Adult primary intradural spinal cord tumors: a review. Curr 
Neurol Neurosci Rep. 2011;11(3):320–8. https://doi.org/10.1007/s11910-011-0190-2.

 52. Kley N, Whaley J, Seizinger BR.  Neurofibromatosis type 2 and von Hippel-Lindau dis-
ease: from gene cloning to function. Glia. 1995;15(3):297–307. https://doi.org/10.1002/
glia.440150310.

 53. Glasker S, Bender BU, Apel TW, Natt E, van Velthoven V, Scheremet R, Zentner J, Neumann 
HP. The impact of molecular genetic analysis of the VHL gene in patients with haemangioblas-
tomas of the central nervous system. J Neurol Neurosurg Psychiatry. 1999;67(6):758–62.

16 Pediatric Spinal Cord Tumors: Diagnosis and Management

https://doi.org/10.1038/nature10833
https://doi.org/10.1038/ng.1102
https://doi.org/10.1038/nature09173
https://doi.org/10.1016/j.ccr.2005.09.001
https://doi.org/10.1016/j.ccr.2005.09.001
https://doi.org/10.3171/2015.5.FOCUS15158
https://doi.org/10.1016/j.ijrobp.2008.09.034
https://doi.org/10.1016/j.ijrobp.2008.09.034
https://doi.org/10.1159/000028894
https://doi.org/10.1159/000028894
https://doi.org/10.1016/S0002-9440(10)63530-4
https://doi.org/10.1038/modpathol.3880558
https://doi.org/10.1016/j.ccr.2011.07.007
https://doi.org/10.1016/j.ccr.2011.07.007
https://doi.org/10.1007/s11910-011-0190-2
https://doi.org/10.1002/glia.440150310
https://doi.org/10.1002/glia.440150310


322

 54. Shuin T, Yamasaki I, Tamura K, Okuda H, Furihata M, Ashida S. Von Hippel-Lindau disease: 
molecular pathological basis, clinical criteria, genetic testing, clinical features of tumors and 
treatment. Jpn J Clin Oncol. 2006;36(6):337–43. https://doi.org/10.1093/jjco/hyl052.

 55. Kalyan-Raman UP, Olivero WC. Ganglioglioma: a correlative clinicopathological and radio-
logical study of ten surgically treated cases with follow-up. Neurosurgery. 1987;20(3):428–33.

 56. Becker AJ, Wiestler OD, Figarella-Branger D, Blumcke I. Ganglioglioma and gangliocytoma. 
In: Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, editors. WHO classification of tumours 
of the central nervous system. Lyon: International Agency for Research on Cancer; 2007. 
p. 103–5.

 57. Patel U, Pinto RS, Miller DC, Handler MS, Rorke LB, Epstein FJ, Kricheff II. MR of spinal 
cord ganglioglioma. AJNR Am J Neuroradiol. 1998;19(5):879–87.

 58. Burger PC, Scheithauer BW. Tumors of the central nervous system, atlas of tumor pathology, 
vol. 7. Washington, DC: Armed Forces Institute of Pathology; 1994.

 59. Lee M, Epstein FJ, Rezai AR, Zagzag D. Nonneoplastic intramedullary spinal cord lesions 
mimicking tumors. Neurosurgery. 1998;43(4):788–94. discussion 794-785

 60. Nadkarni TD, Rekate HL. Pediatric intramedullary spinal cord tumors. Critical review of the 
literature. Childs Nerv Syst. 1999;15(1):17–28.

 61. Garces-Ambrossi GL, McGirt MJ, Mehta VA, Sciubba DM, Witham TF, Bydon A, Wolinksy 
JP, Jallo GI, Gokaslan ZL. Factors associated with progression-free survival and long-term 
neurological outcome after resection of intramedullary spinal cord tumors: analysis of 101 
consecutive cases. J Neurosurg Spine. 2009;11(5):591–9. https://doi.org/10.3171/2009.4.SP
INE08159.

 62. Hsu W, Pradilla G, Constantini S, Jallo GI. Surgical considerations of spinal ependymomas 
in the pediatric population. Childs Nerv Syst. 2009;25(10):1253–9. https://doi.org/10.1007/
s00381-009-0882-y.

 63. Jallo GI, Kothbauer KF, Epstein FJ.  Intrinsic spinal cord tumor resection. Neurosurgery. 
2001;49(5):1124–8.

 64. McGirt MJ, Chaichana KL, Atiba A, Attenello F, Woodworth GF, Jallo GI.  Neurological 
outcome after resection of intramedullary spinal cord tumors in children. Childs Nerv Syst. 
2008;24(1):93–7. https://doi.org/10.1007/s00381-007-0446-y.

 65. Yang I, Parsa AT. Intramedullary spinal cord tumors. In: Gupta N, Banerjee A, Haas-Kogan 
D, editors. Pediatric CNS tumors. Pediatric oncology. Berlin, Heidelberg: Springer; 2010. 
p. 187–204.

 66. Venable GT, Green CS, Smalley ZS, Bedford EC, Modica JS, Klimo P Jr. What is the risk of 
a shunt malfunction after elective intradural surgery? J Neurosurg Pediatr. 2015;16(6):642–7. 
https://doi.org/10.3171/2015.5.PEDS15130.

 67. Mitha AP, Turner JD, Spetzler RF. Surgical approaches to intramedullary cavernous malforma-
tions of the spinal cord. Neurosurgery 68 (2 Suppl Operative):317-324.; discussion 324. 2011; 
https://doi.org/10.1227/NEU.0b013e3182138d6c.

 68. Takami T, Naito K, Yamagata T, Ohata K.  Surgical management of spinal intramedullary 
tumors: radical and safe strategy for benign tumors. Neurol Med Chir (Tokyo). 2015;55(4):317–
27. https://doi.org/10.2176/nmc.ra.2014-0344.

 69. Takami T, Yamagata T, Ohata K.  Posterolateral sulcus approach for spinal intramedullary 
tumor of lateral location: technical note. Neurol Med Chir (Tokyo). 2013;53(12):920–7.

 70. Lonser RR, Oldfield EH.  Microsurgical resection of spinal cord hemangioblastomas. 
Neurosurgery. 2005;57(4 Suppl):372–6. discussion 372-376

 71. Malis LI. Atraumatic bloodless removal of intramedullary hemangioblastomas of the spinal 
cord. J Neurosurg. 2002;97(1 Suppl):1–6.

 72. Epstein FJ, Farmer JP, Freed D.  Adult intramedullary spinal cord ependymomas: the 
result of surgery in 38 patients. J Neurosurg. 1993;79(2):204–9. https://doi.org/10.3171/
jns.1993.79.2.0204.

 73. Kucia EJ, Bambakidis NC, Chang SW, Spetzler RF.  Surgical technique and outcomes 
in the treatment of spinal cord ependymomas, part 1: intramedullary ependymomas. 
Neurosurgery 68 (1 Suppl Operative):57-63.; discussion 63. 2011; https://doi.org/10.1227/
NEU.0b013e318208f181.

J. Basma et al.

https://doi.org/10.1093/jjco/hyl052
https://doi.org/10.3171/2009.4.SPINE08159
https://doi.org/10.3171/2009.4.SPINE08159
https://doi.org/10.1007/s00381-009-0882-y
https://doi.org/10.1007/s00381-009-0882-y
https://doi.org/10.1007/s00381-007-0446-y
https://doi.org/10.3171/2015.5.PEDS15130
https://doi.org/10.1227/NEU.0b013e3182138d6c
https://doi.org/10.2176/nmc.ra.2014-0344
https://doi.org/10.3171/jns.1993.79.2.0204
https://doi.org/10.3171/jns.1993.79.2.0204
https://doi.org/10.1227/NEU.0b013e318208f181
https://doi.org/10.1227/NEU.0b013e318208f181


323

 74. Yasargil MG, Antic J, Laciga R, de Preux J, Fideler RW, Boone SC. The microsurgical removal 
of intramedullary spinal hemangioblastomas. Report of twelve cases and a review of the litera-
ture. Surg Neurol. 1976;3:141–8.

 75. Roonprapunt C, Silvera VM, Setton A, Freed D, Epstein FJ, Jallo GI. Surgical management of 
isolated hemangioblastomas of the spinal cord. Neurosurgery. 2001;49(2):321–7. discussion 
327-328

 76. McGirt MJ, Garces-Ambrossi GL, Parker SL, Sciubba DM, Bydon A, Wolinksy JP, Gokaslan 
ZL, Jallo G, Witham TF.  Short-term progressive spinal deformity following laminoplasty 
versus laminectomy for resection of intradural spinal tumors: analysis of 238 patients. 
Neurosurgery. 2010;66(5):1005–12. https://doi.org/10.1227/01.NEU.0000367721.73220.C9.

 77. Epstein F, Epstein N. Surgical treatment of spinal cord astrocytomas of childhood. A series of 
19 patients. J Neurosurg. 1982;57(5):685–9. https://doi.org/10.3171/jns.1982.57.5.0685.

 78. Jallo GI. CUSA EXcel ultrasonic aspiration system. Neurosurgery. 2001;48(3):695–7.
 79. Jallo GI, Kothbauer KF, Epstein FJ. Contact laser microsurgery. Childs Nerv Syst. 2002;18(6–

7):333–6. https://doi.org/10.1007/s00381-002-0600-5.
 80. Liu JK. Laser-assisted microsurgical resection of thoracic intramedullary spinal cord ependy-

moma. Neurosurg Focus. 2012;33(Suppl 1):1. https://doi.org/10.3171/2012.V2.FOCUS12142.
 81. Albright AL.  Intraoperative spinal cord monitoring for intramedullary surgery: an essential 

adjunct? Pediatr Neurosurg. 1998;29(2):112. https://doi.org/10.1159/000028701.
 82. Morota N, Deletis V, Constantini S, Kofler M, Cohen H, Epstein FJ.  The role of motor 

evoked potentials during surgery for intramedullary spinal cord tumors. Neurosurgery. 
1997;41(6):1327–36.

 83. Kothbauer KF, Deletis V, Epstein FJ. Motor-evoked potential monitoring for intramedullary 
spinal cord tumor surgery: correlation of clinical and neurophysiological data in a series of 100 
consecutive procedures. Neurosurg Focus. 1998;4(5):e1.

 84. Sciubba DM, Chaichana KL, Woodworth GF, McGirt MJ, Gokaslan ZL, Jallo GI. Factors asso-
ciated with cervical instability requiring fusion after cervical laminectomy for intradural tumor 
resection. J Neurosurg Spine. 2008;8(5):413–9. https://doi.org/10.3171/SPI/2008/8/5/413.

 85. Isaacson SR. Radiation therapy and the management of intramedullary spinal cord tumors. J 
Neuro-Oncol. 2000;47(3):231–8.

 86. Hanbali F, Fourney DR, Marmor E, Suki D, Rhines LD, Weinberg JS, McCutcheon IE, Suk I, 
Gokaslan ZL. Spinal cord ependymoma: radical surgical resection and outcome. Neurosurgery. 
2002;51(5):1162–72. discussion 1172-1164

16 Pediatric Spinal Cord Tumors: Diagnosis and Management

https://doi.org/10.1227/01.NEU.0000367721.73220.C9
https://doi.org/10.3171/jns.1982.57.5.0685
https://doi.org/10.1007/s00381-002-0600-5
https://doi.org/10.3171/2012.V2.FOCUS12142
https://doi.org/10.1159/000028701
https://doi.org/10.3171/SPI/2008/8/5/413


325© Springer Nature Switzerland AG 2019
K. I. Arnautović, Z. L. Gokaslan (eds.), Spinal Cord Tumors, 
https://doi.org/10.1007/978-3-319-99438-3_17

T. Kosztowski · J. S. Fridley · Z. L. Gokaslan (*) 
Department of Neurosurgery, Warren Alpert School of Medicine at Brown University,  
Rhode Island Hospital, Providence, RI, USA
e-mail: Thomas.Kosztowski@lifespan.org; Jared.Fridley@lifespan.org;  
ziya_gokaslan@brown.edu

17Spinal Cord Ependymomas

Tom Kosztowski, Jared S. Fridley, and Ziya L. Gokaslan

17.1  Introduction

Spinal cord tumors constitute 5–10% of all primary central nervous system (CNS) 
malignancies [1]. There are generally three broad categories of spinal tumor lesions: 
(1) extradural, (2) intradural-extramedullary (i.e., outside of the spinal cord), and 
(3) intradural-intramedullary (i.e., within the spinal cord). Approximately 40% of 
all primary spinal cord tumors are intradural intramedullary. In this category of 
intramedullary tumors of the spine, ependymomas comprise 60% in adults and 30% 
in children [1]. Ependymomas are the most common intramedullary spinal cord 
tumors in the adult population representing half of all intramedullary tumors [1].

17.2  Epidemiology

Each year in the United States, 1000–2000 adults are diagnosed with spinal or intra-
cranial ependymoma [2]. There are approximately 230 new cases of spinal cord 
ependymoma seen yearly in the United States [1]. Although spinal ependymomas 
may occur at any age, they most frequently present in adults 20–40 years of age [1]. 
Men and women are affected equally.

In the adult population, 75% of ependymomas occur in the spinal canal compris-
ing 50–60% of all intramedullary spinal cord tumors [1]. Intramedullary ependymo-
mas represent about 34.5% of all CNS ependymomas [3, 4].
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Spinal cord ependymomas (SCEs) arise in the cervical region more than 65% of 
the time (Fig.  17.1) [1, 5, 6]. More than 90% of spinal cord ependymomas are 
“benign,” meaning WHO Grade 1 and 2. About 50% of SECs span 3 or more verte-
bral levels [1, 7–9].

17.3  Presentation

Patients with spinal cord ependymomas typically experience nonspecific symptoms 
that progress over years prior to making the diagnosis. There are rare circumstances 
of intratumoral hemorrhage that results in acute neurologic deterioration. Common 

a

c

b

Fig. 17.1 Cervical spinal cord ependymoma. (a, b) T1-weighted MRI images with gadolinium 
suggested a cervical spinal cord ependymoma. (c) A midline myelotomy was performed. The 
tumor had a clear interface separating it from the spinal cord providing for a gross total resection
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symptoms that patients may encounter include back pain, sensory loss, paresthesias, 
weakness, spasticity, and gait disturbance. Intramedullary spinal tumors in the cer-
vical region can present with upper and/or lower extremity deficits if they affect the 
corticospinal tract and dorsal columns, respectively [2]. In contrast, patients with 
lumbar region myxopapillary ependymomas may present with incontinence and 
radicular back and leg pain (Fig. 17.2). Asymmetric weakness and numbness can 
result if the tumor gets large enough to exert significant mass effect.

a

c

b

Fig. 17.2 Myxopapillary ependymoma of the lumbar region in a 52-year-old man who presented 
with worsening urinary incontinence and numbness in the legs. (a, b) T1-weighted MRI images 
with gadolinium suggested a myxopapillary ependymoma. (c) The tumor was debulked with pres-
ervation of the nerve roots
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17.4  Pathology

Ependymomas arise from the ependymal cells of the ventricles of the brain, cortical 
rests, and the central canal of the spinal cord that have undergone cancerous trans-
formation [10]. Two distinct types of spinal ependymomas occur. The myxopapil-
lary type comprises half of all spinal cord ependymomas. It originates from the 
filum terminale and occur at the conus medullaris (Fig. 17.2) [11]. The other histo-
logic subtype of ependymoma is the classic cellular ependymomas found within the 
spinal cord. The cellular ependymoma type accounts for 50% of all spinal ependy-
momas. They are often located in the cervical or thoracic spinal cord.

Greater than 90% of spinal cord ependymomas have a benign pathology. They 
are slow growing and tend to compress adjacent spinal cord parenchyma rather than 
infiltrate it, unlike astrocytomas. Although they do not infiltrate the spinal cord, 
these tumors are not always encapsulated. However, there is oftentimes a clear inter-
face between the tumor and the spinal cord.

On gross pathologic examination, ependymomas oftentimes have a smooth 
reddish- gray glistening surface that is clearly distinct from the surrounding spinal 
cord. Blood vessels can be seen crossing the surface of these tumors, which does not 
occur in astrocytomas.

The World Health Organization (WHO) classification divides ependymomas into 
different subtypes. Myxopapillary ependymoma (MPE)and subependymoma are 
WHO Grade 1 and thus the least aggressive in histologic appearance. WHO Grade 
2 lesions include classic, cellular, clear cell, papillary, and tanycytic subtypes of 
ependymoma, which all have similar biologic behavior and lack anaplastic features. 
Anaplastic ependymoma is WHO Grade 3 and the most aggressive in behavior [12–
14]. Ependymoblastomas (WHO Grade 4) should not be confused as a subtype of 
ependymoma. They are a different type of tumor, classified under embryonal primi-
tive neuroectodermal tumors [1].

WHO Grade 1 tumors include subependymomas and myxopapillary ependymo-
mas. Subependymomas very rarely occur in the spinal cord. Their distinguishing 
feature is their tendency towards a more peripheral location whereas other subtypes 
typically are located more centrally within the spinal cord. On microscopy, subep-
endymomas exhibit microcystic spaces and grouped cells on a dense fibrillary back-
ground. In contrast, myxopapillary ependymomas histologically exhibit loosely 
structured cells with intervening pools of mucin. They oftentimes have markedly 
hyalinized blood vessels.

Classic ependymoma (WHO Grade 2) is the most common spinal cord ependy-
moma and comprises 55–75% of lesions within the spinal cord [15]. They are typi-
cally intramedullary and oftentimes cystic 58% of the time [16]. Histologic features 
that are characteristic of ependymomas include pseudorosettes, which occur in 80% 
of patients [17]. Pseudorosettes consist of perivascular cuffs of cells with processes 
oriented towards the central vessel. “True” or “ependymal” rosettes are seen in 
approximately 10% of patients with spinal ependymomas [15]. True rosettes are 
more specific to ependymomas and consist of cells arranged with processes oriented 
towards a central lumen. Spinal ependymomas typically do not invade into adjacent 
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tissue, and the margins of tumor are usually well-defined on gross and microscopic 
examination.

As mentioned, in addition to the classic ependymoma, there are several other sub-
types of WHO Grade 2 ependymoma including: (1) cellular, (2) clear cell, (3) papillary, 
and (4) tanycytic. Cellular ependymoma is characterized by hypercellularity and a high 
nuclear-to-cytoplasm ratio. There are few rosettes and they lack the mitosis, cellular 
pleomorphism, and the microvascular proliferation associated with WHO Grade 3 
lesions. Clear cell ependymoma is rare and has perinuclear halos and pseudorosettes. 
Papillary ependymoma subtype exhibits an arrangement of neoplastic cells around a 
fibrovascular core. Tancytic subtype is the least common WHO Grade 2 subtype. On 
staining there are cells with long processes similar to pilocytic astrocytomas.

WHO Grade 3 lesions, such as anaplastic ependymoma, are the rarest of the 
ependymoma subtypes. They are characterized histologically by a high mitotic rate, 
nuclear pleomorphism, and endothelial proliferation. Furthermore, they tend to 
infiltrate surrounding neural tissue, unlike Grade 2 ependymomas. This makes gross 
total resection much less likely [18].

17.5  Molecular Genetics

SCEs frequently exhibit a loss of chromosome 22q, but no specific tumor suppres-
sor genes in this region appear to be consistently altered [19]. Patients with 
Neurofibromatosis can sometimes exhibit spinal cord ependymomas. Although the 
merlin (NF2) gene is found in chromosome 22q, it has not been found to be involved 
in the pathogenesis of spinal cord ependymoma [19, 20]. MPEs exhibit the greatest 
number or genetic abnormalities of all the subtypes of ependymomas. Chromosome 
7 is commonly affected in MPEs [21]. MDM2 gene, which functions to regulate 
p53-mediated cell growth, is commonly found to be amplified and overexpressed in 
SCEs [22]. Although alterations in p53 was not common, p53 expression appears to 
be higher in Grades 2 and 3 ependymomas compared with Grade 1 subependymo-
mas although the data were not able to show a statistical significance [23].

17.6  Diagnosis

Contrast enhanced magnetic resonance imaging (MRI) of both the brain and entire 
spine is the key study in the evaluation of a patient with suspected ependymoma. 
MRI demonstrates focal expansion of the spinal cord by the intramedullary tumor. 
Normal caliber diameter of the spinal cord should suggest other non-neoplastic eti-
ologies such as a demyelinating disease. With SCEs, there is slight hypo-intensity 
on T1-weighted imaging and hyper-intensity on T2-weighted images. Contrast MRI 
will demonstrate heterogeneous enhancement [24, 25]. Spinal cord ependymomas 
can also be accompanied by syrinx, hemorrhage, or cystic degeneration. In fact, 
about 60% of spinal cord ependymomas have an associated intramedullary syrinx 
rostral and/or caudal to the tumor [26].
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Myxopapillary ependymomas are distinguished by their location around the 
conus medullaris. On MRI, they appear heterogenous on both T1 and T2 sequences 
with isointense cellular components and hyperintense areas of mucin and 
hemorrhage.

Anaplastic ependymomas appear hypo-intense on T1 and isointense or hyperin-
tense on T2. They have variable contrast enhancement. These tumors can be diffi-
cult to distinguish from infiltrative astrocytomas given the similar infiltrative pattern 
of both pathologies. Given their malignant nature, it is essential to screen the entire 
neuroaxis on MRI.

Computer tomography (CT) has little utility in the diagnostic workup of these 
spinal cord tumors. CT can capture the occasional calcifications that occur in 
 ependymomas. CT and CT myelography are an alternative only when MRI is unat-
tainable in a patient. Positron emission tomography (PET) is occasionally used and 
will portray ependymomas as hypometabolic due to their slow cell growth and low 
cellular density [27].

Cerebrospinal fluid (CSF) cytology is a useful test if there is suspicion of CSF 
seeding of the tumor. CSF seeding has been reported to occur in 3–12% of intracra-
nial ependymomas and is most frequent in anaplastic ependymomas [1, 12, 28]. 
This is most helpful with anaplastic ependymomas after surgery or tumors in which 
there is a subtotal resection [29]. Positive test results for ependymoma cells in the 
sampled CSF will influence the radiation doses for the craniospinal axis.

17.7  Treatment Options

17.7.1  Surgical Treatment

Surgical resection of the tumor is the optimal treatment for spinal ependymomas 
with well-defined margins if surgical resection can be performed safely [3, 30–32]. 
When these tumors can be removed completely with gross total resection, treatment 
outcome and prognosis are excellent and there is a low risk for recurrence [33, 34]. 
The rate of gross total resection of ependymomas ranges between 84 and 93% of 
cases. Such high rates are largely because these tumors are rarely infiltrative and 
most often have a distinct border [16]. Extent of resection of spinal cord ependymo-
mas is affected by size of tumor and its location, the presence of a capsule or syrinx, 
and the histology [35–37].

There are several retrospective studies assessing surgical resection of spinal cord 
ependymomas that suggest a correlation between the extent of resection and 
progression- free survival (PFS) [37–41]. However, because spinal cord ependymo-
mas are so rare, there is insufficient data to demonstrate a definitive relationship 
with progression-free survival and overall survival (OS) in these patients [2].

Although patients with Grade 2 ependymomas who have gross total resection 
had a significantly lower recurrence rate than patients who had a subtotal resection, 
not all patients benefit from gross total resection of spinal ependymoma. In patients 
with myxopapillary ependymoma (WHO Grade 1), the recurrence rate does not 
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differ between those who had gross total resection versus subtotal resection [36]. 
For grade 3 anaplastic ependymomas the recurrence rate appears to be lower in 
patients who underwent a gross total resection versus subtotal resection but the 
sample size studied was too small to demonstrate a statistically significant 
 difference [36].

Microsurgical resection alone can achieve long-term tumor control or even cure 
while also preserving neurologic function [31, 42]. As mentioned, although ependy-
momas are not always encapsulated, there is still oftentimes an identifiable interface 
between tumor and spinal cord as these tumors typically do not invade into the spi-
nal cord parenchyma. Determining the plane between the tumor and the spinal cord 
is the most critical step of the surgery. Tumors with distinct capsules or tumor- 
parenchyma interfaces are associated with fewer neurologic deficits post- operatively. 
This is probably because they are easier to separate from normal tissue and thus less 
likely to result in compromise of neural structures [35, 43]. In spinal cord ependy-
momas a midline myelotomy will often need to be performed, extending the entire 
cranial-caudal axis of the tumor to expose this tumor-parenchyma interface. 
Presence of a syrinx may facilitate surgical resection and increase the chances of a 
gross total resection.

In regards to predicting postoperative functional outcomes, the preoperative 
functional neurologic status is the most important and significant predictor [33, 34, 
44]. Thus, for patients who already have long-standing neurologic deterioration, 
there is little chance of significant neurologic improvement even with excellent sur-
gical resection [7, 8]. Furthermore, the morbidity from surgery can be increased in 
patients who already have profound preoperative neurologic deficits.

Post-operative neurologic deficits after resection of a spinal cord ependymoma 
are common despite meticulous efforts to not disrupt normal tissue. The risk can be 
predicted by the patient’s pre-operative neurologic function [35, 37]. Patients with 
intact or good neurologic function are less likely to experience post-operative neu-
rologic symptoms compared to patients with deficits pre-operatively. Furthermore, 
they are also more likely to improve when symptoms appear [35].

After a midline myelotomy to access an intramedullary ependymoma, it is not 
uncommon to experience somatosensory deficits from disturbance of some of the 
tracts in the posterior columns [6, 7]. This may also result from traction of the pos-
terior column tract or from microtrauma resulting in transient edema, Furthermore, 
vascular insult be also lead to neurologic deficits. For example, patients with SCEs 
in the thoracic region are more likely to develop neurologic deficits after resection 
because of the limited blood supply in this region of the spinal cord and the narrow 
spinal canal [41]. Most patients generally experience resolution of their somatosen-
sory deficits within a few months [8]. Some use neuromonitoring to potentially 
decrease post-operative morbidity. Motor-evoked potentials may detect injury to 
motor tracts and possibly prevent further damage intra-operatively [41]. 
Somatosensory-evoked potentials, on the other hand, have not proven to affect or 
predict functional outcomes [41]. Given that this is such a rare pathology, there have 
been no large randomized trials to determine whether intra-operative monitoring 
significantly improves outcomes from surgery [2].
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Myxopapillary ependymomas typically appears around the conus medullaris 
usually involving both the filum terminale as well as cauda equina. Although these 
tumors lack malignant histological features, they have a higher recurrence rate than 
WHO Grade 2 ependymomas of the spinal cord [38]. Part of the reason that myxo-
papillary ependymomas have a lower gross total resection rate may be from efforts 
to spare the nerve roots of the cauda equine [38]. Recurrence rates for myxopapil-
lary ependymomas range from 15–33% of operations. However, mortality rates 
remain low with an 85–100% overall survival at 5 years [45]. Due to their location 
near the conus medullaris, myxopapillary ependymomas exhibit the highest rate of 
post-operative bowel and bladder incontinence [35, 46]. Thus, since the there is a 
dearth of evidence to suggest a benefit of gross total resection in MPE, the surgeon 
needs to consider whether maximal resection is worth the risk of possible post- 
operative neurologic injury. Some speculate that preservation of the tumor capsule 
in MPEs may be vital in preventing recurrence [47, 48].

Subsequent treatment after surgery depends largely on the extent of residual dis-
ease, which can be assessed with MRI. In instances of significant residual disease, 
reoperation should be considered since full surgical resection significantly improves 
the survival of these patients [49].

17.7.2  Radiation Therapy

In patients who have residual disease but are not surgical candidates for reoperation, 
limited-field radiotherapy is administered. The majority of tumor recurrences are 
local, often at the site of the original tumor [12, 28, 30]. Therefore, if gross total 
resection is not attainable due to anatomy or tumor location, adjuvant radiotherapy 
should be given, as some studies suggest that adjuvant radiation therapy can decrease 
the rate of progression [50]. The standard regimen is a cumulative dose of 54 Gy of 
fractionated external beam therapy. This has been demonstrated to improve local 
tumor control [51]. There is controversy surrounding the use craniospinal irradia-
tion in patients with local disease and no metastases. If there is disseminated dis-
ease, then craniospinal radiation should be considered.

Stereotactic radiosurgery can be considered in patients with co-morbidities that 
contraindicate surgery or for untreatable lesions. The advantage of stereotactic 
radiosurgery is that it may reduce tumor burden while limiting radiation exposure 
and treatment-related complications [52]. Although the use of radiation as an adju-
vant is still controversial, further studies are warranted to assess whether adjuvant 
radiation therapy may be helpful for the prevention of local recurrence [51].

There are other radiation therapies with promise. Amsbaugh et al. reported 100% 
PFS and a 20-month OS in patients with spinal cord ependymomas that were treated 
with proton beam therapy [53]. Like stereotactic radiosurgery, proton beam therapy 
uses less radiation and may have similar benefits.
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17.7.3  Chemotherapy

There is no clear role for chemotherapy for spinal cord ependymomas. There are a 
few studies that suggest that chemotherapy may be used as a salvage therapy for 
tumor recurrence if both surgical resection and radiation fail [2]. There is only one 
prospective study studying chemotherapy for spinal cord ependymomas, which was 
done by Chamberlain et al. on oral etoposide on ten patients with recurrent, low- 
grade spinal cord ependymoma [54, 55]. All ten patients in the study had spinal 
ependymomas that recurred after surgery and radiotherapy, of which four had also 
failed prior chemotherapy. After treatment with etoposide adjuvant chemotherapy, 
three patients had progression, two patients had a partial response and five patients 
had disease stabilization. The median PFS was 15  months ranging from 2.5 to 
45 months. The median overall survival was 17.5 months with range 3–45 months. 
The drug was well tolerated by the cohort in this phase I trial.

17.8  Conclusion

Ependymomas are a rare type of tumor that occurs both in the brain and spine. In 
regards to spinal cord ependymomas, they can either occur intramedullary within 
the spinal cord or at the filum terminal as the myxopapillary subtype. Because of the 
less aggressive and non-infiltrative nature of most spinal cord ependymomas, they 
are very amenable to surgical resection. Although there are fewer data on adjuvant 
treatments, radiation is also a powerful tool in the treatment of patients with possi-
ble disseminated disease or subtotal resection.
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18Malignant Intramedullary Spinal  
Cord Tumors
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and George I. Jallo

18.1  Introduction

Compared to their intracranial counterparts, spinal cord tumors are quite rare, account-
ing for less than 10% of all central nervous system (CNS) lesions. Intramedullary 
spinal cord tumors (IMSCTs) comprise 20–30% of all spinal cord tumors in adults 
and 4–10% of all tumors of the spinal cord in children [1]. The most frequently 
encountered IMSCTs are gliomas. In adults, the most common pathology is ependy-
moma followed by astrocytoma, comprising 60% and 30% of intramedullary spinal 
cord tumors, respectively [1]. Children demonstrate the opposite incidence of pathol-
ogy with astrocytomas being the most common (60%) followed by ependymoma 
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(30%), while embryonal tumors, such as primary neuroectodermal tumors as described 
by the prior World Health Organization (WHO) classification, represent 4% [2]. There 
has also been observed a pattern based on the age of the child. Children younger than 
2  years of age will more commonly have neuroblastomas, teratomas, or dermoid 
tumors [2]. Children ages 2–5 years present with astrocytomas, gangliogliomas, and 
epidermoid tumors. Children 6–10 year of age have a mix of tumor types. Astrocytomas 
predominate in children >10 years of age [2]. Astrocytomas comprise approximately 
90% of all intramedullary tumors in patients >10 years of age and about 60% of ado-
lescent intramedullary neoplasms. By around 30 years of age, ependymomas become 
slightly more common than astrocytomas and predominate in the middle decades of 
life. After the sixth decade of life, astrocytomas and ependymomas are encountered 
with fairly equal frequency. Other IMSCTs include gangliogliomas, lipomas, subep-
endymomas, hemangioblastomas, dermoids, teratomas, central neurocytomas, oligo-
dendrogliomas, and in extremely rare cases, intramedullary metastases. There is a 
slight predilection for such lesions in males [3]. A propensity for the development of 
spinal cord astrocytomas exists in children with neurofibromatosis type 1 (NF1). 
There is an additional propensity for the development of spinal cord ependymomas in 
children with neurofibromatosis 2 (NF2). In this chapter we are focusing on the most 
common malignant spinal cord tumors, astrocytomas and ependymomas, their dif-
ferential diagnosis, diagnostic features, management and disease course.

Malignant spinal cord tumors are only reported in a small proportion of all spinal 
cord tumors. The incidence of malignant spinal cord tumors in adults has been 
reported as 0.22–0.24 per 100,000 person-years. However, most epidemiological 
reports incorporate data for meningiomas, schwannomas, and neurofibromas as 
well as IMSCTs; therefore, the true incidence is difficult to determine [1].

Malignant transformation of a low-grade glioma has been reported in approxi-
mately half of recurrent glial tumors in adults. The risk of malignant transformation 
increases with higher initial pathologic grade, incomplete resection, age greater 
than 45 years, and previous radiation [4]. As opposed to the adult population, malig-
nant transformation of low-grade gliomas in pediatric patients is very rare. Case 
series have provided few examples; however, most patients had either received radi-
ation or chemotherapy prior to progression, which may confound true pathologic 
progression [5]. The specific molecular markers responsible for the differences 
between adult and child tumor histology may result from the tumor’s evolution in a 
developed versus still-developing nervous system [6].

Molecular markers associated with gliomas, such as isocitrate dehydrogenase 
(IDH) 1 and 2 gene mutations, have long discussed in relation to intracranial gliomas, 
yet for spinal cord tumors, the data are still fairly scarce [7, 8]. BRAF mutations are 
also been extensively studied especially for brain tumors, BRAF can be activated 
either by mutation or by fusion with another gene. The most common mutational vari-
ant is BRAF-V600E, which results in constitutive BRAF activation and is seen in 
50–60% of pleomorphic xanthoastrocytomas, <10% of pilocytic astrocytomas (par-
ticularly extra-cerebellar pilocytic astrocytoma), 20–75% of gangliogliomas, and 
50% of anaplastic gangliogliomas [9]. BRAF-V600E is also seen in the majority of 
subependymal giant cell astrocytomas [10]. Pilocytic astrocytomas have activation of 
BRAF via duplication of the BRAF locus at 7q34 because of an in-frame fusion 
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between the KIAA1549 and BRAF genes in 80% of tumors [11–14]. Spinal cord 
astrocytomas were shown to have similar characteristics in relation to BRAF muta-
tion; these findings hold promise not only for diagnostic value but also for treatment 
options with the utility of BRAF-MEK inhibitors [15]. Further segregation of these 
tumors by the histone mutation H3F3A K27 M, which is known to be expressed in 
midline brain and brain stem tumors as well as in high- grade gliomas, also seem to 
have similar features as intracranial lesions with the more high-grade tumors harbor-
ing the mutation and predicting a less favorable outcome [15]. This mutation is impor-
tant in order to guide the aggressiveness and extent of surgical resection with assistance 
of neurophysiological intraoperative monitoring of the sensory and motor pathways. 
This approach helps limit postoperative neurologic deficits, given the predicted natu-
ral history as defined by H3F3A K27 M mutation status [16].

The new findings of genetic alterations and molecular subtyping help adjust 
management and treatment options for patients, adults, and pediatrics suffering 
from intramedullary spinal cord tumors. The combination of the new era of molecu-
lar biology in neuro-oncology with the advances in neuromonitoring and surgical 
techniques hold a promise for a better future for these patients.

18.2  Clinical Presentation

A thorough history and physical examination should be performed to establish a 
clear sense of the behavior and the clinical consequence of a spinal tumor. IMSCTs 
most commonly arise in the cervical and thoracic spine, resulting in associated clin-
ical symptoms. Thoracic, lumbosacral, conus, and filum lesions are rarer.

The duration and quality of clinical symptoms is highly variable with IMSCTs. 
Typically, IMSCTs exhibit indolent growth, which corresponds to their underlying 
slow and progressive clinical symptomatology. Therefore, it is not surprising that 
delays in diagnosis are fairly common. Pain is the most frequent presenting symptom 
often with axial back or neck pain and occasionally, radicular pain due to nerve root 
impingement. Nocturnal pain related to the diurnal variation of endogenous steroid 
production can also be present. In children, the general presence of back pain (and 
especially nocturnal pain) should raise concern with clinicians as this is an uncom-
mon condition of youth. Symptoms evolve from pain to motor weakness, gait distur-
bance, torticollis, and kyphoscoliosis [2]. Motor deficits can be perceived initially as 
clumsiness if the child is delayed in milestones, such as walking, or presents with 
frequent falls. Previously reported average duration of symptoms until diagnosis of 
spinal cord tumors is between 8.1 and 17 months [17, 18]. The expansile nature of 
IMSCTs can affect any of the traversing spinal cord tracts and structures in their 
vicinity. For example, weakness may occur due to corticospinal tract or lower motor 
neuron involvement. Sensory impairment, including numbness or paresthesia, may 
occur due to dorsal horn and spinothalamic tract impairment, although children are 
less likely to notice and complain of these sensory disturbances. Long tract impair-
ment may result in gait ataxia and limb stiffness. Additionally, late-occurring find-
ings can include bowel and bladder dysfunction, which usually indicates a more 
advanced disease state. Sphincter dysfunction is rarely reported [3]. Both the 
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McCormick classification scale and Karnofsky performance scale are useful in defin-
ing the preoperative functional status of a patient [19]. While motor paresis and sen-
sory impairment are possible on examination, long tract signs on clinical evaluation 
include a positive Hoffman or Babinski sign as well as hyperreflexia. Scoliosis is 
another possible presenting sign and may ultimately lead to the diagnosis of an 
IMSCT; this phenomenon likely occurs as a result of impaired innervation to the 
paraspinal musculature. Up to one-third of children may present with scoliosis as the 
initial finding [20]. Any child or adolescent that develop progressive scoliosis should 
be thoroughly examined and send for magnetic resonance imaging (MRI) in order to 
rule-out spine tumor. Given the variety of possible presenting signs and symptoms of 
IMSCTs in the pediatric population, it is critical that all practitioners involved in a 
child’s care maintain vigilance in determining a valid etiology for a child who pres-
ents with specific or nonspecific neurological complaints, or with objective findings 
on physical examination. Even unexplainable abdominal pain or newly diagnosed 
hydrocephalus of unclear etiology can be the result of an IMSCT. Therefore, a low 
threshold for diagnostic imaging should be utilized in these patients [17, 21]. In gen-
eral, these malignant tumors have a much shorter duration to presentation compared 
with low-grade or benign tumors.

18.3  Diagnostic Imaging

The diagnostic modality of choice for IMSCTs is MRI. There is no strong indica-
tion to obtain X-ray, or computed tomography (CT) imaging of the spine. Any new 
rapidly progressing or atypical scoliosis in pediatric population diagnosed by either 
X-ray or CT should be further investigate via MRI in order to assess the existence 
of spinal tumor. Intramedullary spinal cord tumors appear as expansile lesions 
within the spinal cord. Different IMSCTs have variable locations within the spinal 
cord: astrocytomas tend to be more eccentric, involving the white matter of the spi-
nal cord, while ependymomas tend to rise from the central canal.

Astrocytomas are either isointense or hypointense on T1-weighted MRI, and 
hyperintense or isointense on T2-weighted imaging. Contrast enhancement is vari-
able and is most often described as a heterogeneous enhancement (Figs. 18.1 and 
18.2). Up to 30% of astrocytomas do not enhance. In some cases, tumor-associated 
cysts may be present within or immediately rostral or caudal to the lesion, and the 
presence of syringomyelia is also possible. T2-weighted signal change in the sur-
rounding spinal cord indicates edema associated with the tumor. Astrocytomas are 
occasionally exophytic with a portion of the tumor extending into the intradural 
extramedullary compartment. As mentioned, astrocytomas typically have poorly 
defined margins that may be apparent on imaging studies. Peritumoral edema is 
present in approximately 40% of cases. Intratumoral cysts are present in about 20% 
of cases, and peritumoral cysts are present in 15% of cases. Unlike ependymomas, 
hemorrhage is also uncommon (Fig. 18.3) [22].
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a b c

Fig. 18.1 Thoracic anaplastic astrocytoma. MRI of the thoracic cord showing sagittal (a, b) and 
axial (c) views of relatively heterogeneous enhanced tumor with areas of ring enhancing tumor. 
Enhancement tends to be patchy in many cases

a b

Fig. 18.2 Spinal cord glioblastoma. Sagittal (a) and axial (b) of views thoracic MRI showing 
spinal cord glioblastoma with non-homogenous enhancement, swelling of the cord and adjacent 
syrinx
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Ependymomas are well-circumscribed, elongated, and cylindrical mass lesions 
that cause symmetric central expansion of the cord. There is usually a well-defined 
margin between the tumor and the surrounding cord. Typically, ependymomas are 
isointense to hypointense on T1, and variably hyperintense on T2. Hemorrhage and 
hemosiderin are common and are seen as heterogeneity of signal on MRI. Cysts are 
a typical finding in ependymomas with previous reports suggesting that 50% of 
spinal ependymomas have an associated cyst [23, 24]. Three distinct types of cysts 
have been identified: intra-tumoral cysts, rostral or caudal cysts, and reactive dila-
tion of the central canal (i.e., syringomyelia) [24]. An intra-tumoral cyst is thought 
to arise due to degeneration, necrosis, and liquefaction within the neoplasm and 
contains a mixture of elements, such as protein, old hemorrhage, and necrotic tumor 
tissue [23, 25]. This inhomogeneous composition leads to variable signal character-
istics on MRI and not always the expected isointensity to hypointensity on 
T1-weighted images and hyperintensity on T2-weighted images. Rostral and caudal 
cysts tend to appear less enhanced compared with the intra-tumoral cysts, and have 
been shown to contain hemorrhagic or xanthochromic fluid, but not tumor cells [19, 
23]. In approximately 20% of cases, the “cap sign”—a rim of low signal along the 
border of the neoplasm—can be identified. This sign is a result of a rim of extreme 
hypointensity due to hemosiderin at the poles of the tumor on T2-weighted images 
(Fig. 18.4) [25]. Ependymomas typically enhance homogeneously with contrast.

Ependymomas and astrocytomas account for more than 90% of spinal cord 
tumors, and their treatment paradigm is different (in ependymomas, aim for gross 
total resection [GTR] with no further adjuvant therapy, whereas in astrocytomas 
GTR is rare and adjuvant therapy is usually needed). Hence, it is most helpful to 
distinguish between these two entities before surgery when possible. Some of the 
imaging features differentiating astrocytomas from ependymomas are their location 
within the spinal cord (astrocytomas are eccentric while ependymomas are more 
central), the presence of hemorrhage (which is more common in ependymomas), 
hemosiderin staining (which is more common for ependymomas), contrast 

a b c

Fig. 18.3 Holocord anaplastic astrocytoma. Cervicothoracic holocord tumor as seen in sagittal (a, 
b) and axial T1 (c) before and after injection of gadolinium
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enhancement (ependymomas demonstrate homogeneous enhancement, while astro-
cytomas are patchy), and the presence of cysts (which are more common for epen-
dymomas) [23, 26]. Besides these features, ependymomas have traditionally been 
known to have a clearer margin than astrocytoma due to their tendency to displace 
rather than infiltrate adjacent neural tissue [27–29]. Yet others did not find this dif-
ference to be significant [30].

In recent years there is a growing interest in the use of advance imaging tech-
niques for the evaluation and management of spinal cord tumors. MRI parameters 
like regions of interest (ROI) can be placed at specific columns, and the apparent 
diffusion coefficient (ADC), fractional anisotropy (FA), axial diffusivity (AD), and 
radial diffusivity (RD) values can be obtained for quantitative analysis. All of these 
features—as well the new utilization of DTI (diffusion tensor imaging) and DTT 
(diffusion tensor tractography)—lead to better understanding of spinal cord tumors 
and promote the evolution of the treatment paradigm [31]. The association among 
quantitative changes of FA and ADC within the lesions (which usually decrease in 
FA values and increase in ADC values as a result of changes in water content that 
result in reduced restriction of water motion within the lesion) of the CNS may be 
complex; although multiple publications suggest this association, others failed to 
show significant correlation, hence further study is needed [31, 32].

18.4  Pathology, Histology, Genetics  
and Molecular Subtyping

As mentioned previously, the most common types of intramedullary spinal cord 
tumors are astrocytomas and ependymomas. Spinal cord astrocytomas represent a 
heterogeneous group with respect to histology, gross features, and natural history. 

a b c

Fig. 18.4 Anaplastic ependymoma. Sagittal (a, b) and axial (c) MRI of the thoracic spine show-
ing relatively centralize lesion with strong enhancement and adjacent syrinx
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WHO Grade I and Grade II astrocytomas are known as pilocytic astrocytomas and 
diffuse astrocytomas, respectively. Malignant astrocytomas (WHO grade III and 
IV), such as anaplastic astrocytomas and glioblastoma, account for about 10–20% 
of intramedullary astrocytomas (Fig.  18.5). These lesions are characterized by a 
rapidly progressive clinical course, a high incidence of cerebrospinal fluid (CSF) 
tumor dissemination, and poor survival regardless of intervention [33]. Importantly, 
leptomeningeal spread is more frequent in spinal glioblastoma than intracranial 
tumors. CSF dissemination does not necessarily limit overall survival. The develop-
ment of hydrocephalus, however, does limit survival. Pediatric glioblastoma differs 
from adult glioblastoma in tumor features, such as molecular biology and genetic 
features.

Spinal astrocytomas commonly display infiltrative features without a clear sur-
rounding plane that separates them from normal neural structures, making total 
resection challenging. Hence, the goals of surgery in infiltrative astrocytoma are to 
obtain a tissue diagnosis, reduce tumor volume, and preserve neurological function. 
The most common subtype of intramedullary astrocytic tumors is diffuse astrocyto-
mas, classified as WHO Grade II, while malignant astrocytomas are less common 
and account for 20% and 10% of intramedullary astrocytic tumor cases in adults and 
children, respectively [34].

Several genetic and molecular variables have been associated with the develop-
ment of astrocytomas including p53 mutation, proliferative activity (Ki-67), 1p/19q 
chromosome loss, and epidermal growth factor receptor (EGFR) amplification [35]. 
The new era of molecular subtype analysis has broadened our understanding of 

a b c

Fig. 18.5 Glioblastoma of the spinal cord. Different sagittal views of thoraco-lumbar glioblas-
toma, showing non-homogenous enhancement (a), with signs for Intratumoral necrotic areas (b), 
and hyperintense signal on T2 (c)
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CNS tumors. Further studies to evaluate associations between specific markers and 
progression-free survival, neurologic outcome, and overall mortality are currently 
being conducted. Few publications showed several well-established genetic altera-
tions in spinal diffuse gliomas, such as p53, p16, ATRX, and PTEN mutations. 
These are well recognized mutations in intracranial gliomas. However, spinal dif-
fuse gliomas have yet to be associated with IDH1/IDH2 mutations, even in low 
grade gliomas [36]. Intracranial gliomas rarely exhibit the combined absence of 
IDH mutations, p53 mutations, and 1p19q co-deletion. In contrast, spinal diffuse 
gliomas commonly exhibit p53 mutation without IDH1/2 mutation [34]. 
Interestingly, the mutation of IDH1 is also rare in other midline structures, like the 
brainstem and thalamus [37]. In the pediatric population, platelet-derived growth 
factor receptor (PDGFR), loss of heterozygosity on 19q and 22q, and p53 have 
overexpression in intramedullary high grade gliomas. The deoxyribonucleic acid 
(DNA) methylation of glioblastoma has led to the increased use of temozolomide as 
a chemotherapeutic form of treatment; however, the prognostic importance of this 
tumor marker remains unclear [38].

When analyzing the few data we have about spinal cord astrocytomas, the BRAF- 
KIAA1549 translocation was the most common finding for Grade I astrocytomas. In 
addition, these WHO grade I astrocytomas had mutations for NF2, NTRK1, NTRK3, 
PDGFRA, and TP53 [15]. WHO grade II astrocytomas had alterations in the MAPK-
ERK or PI3K pathways, including BRAF-KIAA1549 translocation and BRAF ampli-
fication. WHO Grade III and VI high grade gliomas had a mutation in histone H3F3A 
K27M, which was noted to be in more than 80% of malignant spinal cord gliomas 
[15]. This mutation is more prominent in the pediatric population and is character-
ized by point mutations within the chromatin modifiers H3 that are usually associ-
ated with poor clinical outcome regardless of the WHO subtyping [39, 40].

Ependymomas arise from the ependymal cells lining the central canal. In the 
past, four subtypes of ependymomas were identified: cellular, papillary, clear cell, 
and tanycytic. With the revision of the WHO guidelines in 2016, it was decided to 
delete the cellular subtype [33]. Ependymomas of the spinal cord are typically 
WHO Grade II. Subependymomas (WHO Grade I) and anaplastic ependymomas 
(WHO Grade III) can also be found, while myxopapillary ependymomas (WHO 
Grade I) are generally considered separate as they commonly occur in the lumbar 
cistern and affect the conus medullaris and filum terminale. Ependymomas are typi-
cally well circumscribed; therefore, GTR easier to achieved.

The classification of ependymomas is subdivided to papillary, clear cell, and 
tanycytic subtype. Ependymoma with RELA fusion type is a new subtype. This vari-
ant accounts for the majority of supratentorial tumors in children. Anaplastic epen-
dymoma is still the highest grade available carrying the worst prognosis. Yet in 
recent years, there is a growing understanding that ependymomas of the spinal cord, 
in an infratentorial location, and in a supratentorial location—although called epen-
dymomas—are actually different tumors with different biological behavior [41, 42]. 
Genetic difference can be a possible reason of this discrepancy. Spinal ependy-
moma is associated with NF2 and loss of expression of Merlin (the protein encoded 
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by the NF2 gene), whereas intracranial ependymoma is associated with EPB41L3 
and HIC1 [43]. Myxopapillary ependymomas may be considered molecularly dif-
ferent from intracranial ependymomas, as well as other spinal ependymomas, and 
are considered as a different entity and also categorized as WHO Grade I. Previous 
studies showed high expression of some genes, including NEFL, HOXB5, PLA2G5, 
and ITIH2 [33, 43, 44]. Better understanding of the genetics and biological behavior 
of spinal cord ependymomas will promote our management paradigm and care for 
the patient.

18.5  The Association of Malignant Spinal Cord Tumors 
and Hydrocephalus

The association between spinal cord tumors and the development of hydrocephalus 
is a well-known entity (Figs. 18.6 and 18.7). About 1% of patients with spinal cord 
tumors have various degrees of hydrocephalus at initial presentation [45]. Although 
astrocytomas and ependymomas are the spinal tumors more frequently associated 
with hydrocephalus, almost any kind of spinal lesion can present with signs of 
raised intracranial pressure.

There were several attempts to explain this correlation, but the true mechanism 
has yet to be found. Previous explanations include protein transudation from certain 
tumors that lead to inflammatory response in the basal leptomeninges. Neoplastic 

a b

Fig. 18.6 Disseminated Glioblastoma. Axial T1 after gadolinium injection, showing multifocal 
extensive disease that eventually lead to development of hydrocephalus and need for active 
 draining of the cysts (a) and ventricular system (b). The extensive disease disseminated to the rest 
of the CNS
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meningeal infiltration with metastatic arachnoiditis is another possible explanation 
(Fig.  18.7) [46, 47]. The pathophysiology of this phenomenon can be related to 
several potential factors, such as increased CSF viscosity, although animal models 
showed that increased CSF viscosity due to a higher protein content is unlikely to 
consistently raise the intracranial pressure and/or ventricular enlargement [48]. 
Increased CSF content of fibrinogen either from chronic inflammation, breach of 
the blood-brain barrier or as a result of tumor related bleeding is another possible 
explanation. Hydrodynamic theory suggests that hydrocephalus in patients with 
benign intraspinal tumors could be caused by a reduction in the spinal compliance 
secondary to tumoral obstruction of the spinal subarachnoid space. This obstruction 
reduces total CSF compliance and hence raises the total resistance for flow [49, 50]. 
Oher possible pathophysiological explanations are occlusion of the CSF pathways 
around the obex, and neoplastic arachnoiditis, as mentioned before [45].

Development of signs of raised intracranial pressure should raise the suspicion 
for this phenomenon and need to be addressed in an urgent fashion in patients with 
a known spinal lesion, or during the presentation of a patient with signs of active 
hydrocephalus, and signs and symptoms suggesting other neurological deficits that 
cannot be explain by hydrocephalus.

18.6  Surgical Intervention

The first successful resection of an intradural spinal cord tumor was documented by 
Victor Horsley in 1887. Resection of an intramedullary tumor was performed in 
Austria by Anton von Eiselsberg in 1907 [20]. The first description, of an intramed-
ullary tumor resection, however, did not appear until 1911 by Charles Elsberg, 
describing a 2-stage strategy for removal [20]. The first stage of the operation 
involved a myelotomy, followed by a return to the operating room in approximately 
1 week for the second stage of the surgery to remove the spinal cord tumor that had 
extruded from the myelotomy site [20]. For a time thereafter, neurosurgeons then 

a b c

Fig. 18.7 Disseminated Glioblastoma. Different MRI T1 after gadolinium injection in sagittal 
cuts of brain (a), cervical and upper thoracic spinal cord (b), and thoraco-lumbar area (c)
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advocated for radical resection of intramedullary spinal cord tumors. However, sig-
nificant postoperative neurologic morbidity became evident after a more aggressive 
approach, and neurosurgeons tailored their treatment to favor more conservative 
biopsy, dural grafting, and radiation therapy. In the modern age, microscopic tech-
nique, advanced imaging, and intraoperative neurophysiology monitoring have 
allowed neurosurgeons to move toward complete resection of intramedullary spinal 
cord tumors with improved long-term survival and acceptable morbidity [20]. Like 
their intracranial counterparts, the recommendation for the extent of surgery is 
“maximum safe resection”.

In some cases of clinically silent, incidentally found lesions, such as those discov-
ered following trauma, serial monitoring and watchful waiting may be appropriate. 
However, for symptomatic or progressively enlarging lesions suspicious for IMSCTs, 
surgical intervention is the mainstay of treatment. The goals of surgery are to obtain 
a diagnosis and to decompress the spinal cord by performing a maximal tumor cyto-
reduction without causing new and permanent neurological deficits. Several groups 
have reported their experience with surgical resection of low grade IMSCTs [12, 40, 
51–53]. In experienced hands, GTR can be achieved in a significant fraction of 
IMSCTs. Spinal ependymomas typically demonstrate clear surrounding cleavage 
planes that facilitate tumor extirpation in its entirety. On the other hand, given the 
infiltrative biology of astrocytomas, tumor margins are often blurred with normal 
neural structures, making total removal more challenging. The use of intraoperative 
monitoring is helpful in aiding the surgeon to perform a  maximal safe resection.

For spinal cord high grade gliomas (anaplastic astrocytoma and glioblastoma), 
many previous studies, advocated limited resection of high-grade gliomas because 
of their infiltrative nature, lack of distinct cleavage planes, and overall poor progno-
sis regardless of therapeutic intervention. Yet, most of these publications failed to 
separate anaplastic astrocytoma from glioblastoma. Recent publications suggested 
that radical resection have much better results for anaplastic astrocytoma [54].

For pediatric spinal cord astrocytomas, patients who had surgery fared better 
than those who had no surgical procedure or biopsy only [55]. Surgery improves 
outcome when controlling for tumor size, grade, and extension. Surgical interven-
tion was shown to be the mainstay of treatment for improving survival and should 
be performed early for spinal cord astrocytomas [55]. For spinal cord glioblastomas 
and anaplastic astrocytomas, these intramedullary spinal cord tumors were histori-
cally treated with biopsy, possible duraplasty, and radiation therapy [55, 56]. 
However, more aggressive treatments, including cordectomies and GTR, have 
recently been examined. Several studies have found improved mortality in patients 
with GTR of primary malignant spinal cord tumors [1, 54, 57, 58]. Yet, others found 
that GTR did not benefit this group of patients [59–61]. Neurological function can 
be preserved with aggressive resection of malignant intramedullary spinal astrocy-
tomas, yet motor decline may be observed postoperatively when surgeons attempt 
GTR of this biologically infiltrative tumor. As mentioned before, radical resection 
was shown to benefit more patients suffering from anaplastic astrocytomas than 
glioblastoma [54]. Radical resection for glioblastoma did not show significant dif-
ference from the historical treatment paradigm of biopsy and adjuvant therapy [54]. 
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Today, markers (such as H3 K27M) may be more influential than histology alone. 
Since even adjuvant therapy failed to show significant benefit, radical safe resection 
for these cases is still the mainstay of spinal cord malignant astrocytomas. As such, 
the potential morbidity associated with GTR compared with that of more conserva-
tive treatment options must be carefully considered when selecting the most appro-
priate management option for malignant spinal cord tumors.

18.7  Surgical Technique

Surgical intervention for IMSCTs is typically performed with the head in 3-point 
fixation since the most common locations for such lesions are the cervical and cer-
vicothoracic spine. Intraoperative neurophysiological monitoring is critical in pro-
viding the surgeon with real-time feedback regarding the functionality of longitudinal 
spinal cord tracts. This typically consists of SSEPs, MEPs, and epidural D-wave 
potentials, which are indicative of functioning corticospinal tract units below the 
level of resection. The mean arterial pressure is kept above 70 mmHg at all times 
with the aid of vasopressors, if required to provide adequate perfusion and prevent 
ischemic injury to the cord. In the pediatric population this cutoff of mean arterial 
pressure is derived mainly from the child’s age and blood pressure before surgery. 
The patient is positioned prone on gel roles that support all bony elements in order 
to prevent pressure sores from positioning during the surgical procedure. Arms are 
usually positioned along the body for cervical and upper thoracic lesions, and above 
the head (i.e., in a “superman” position) for mid thoracic to lumbar lesions. 
Shoulders should be positioned to avoid pressure at the brachial plexus in order to 
prevent injury to the nerves.

Neurophysiological monitoring should play an important role in surgery and the 
amount of tumor resection. Monitoring has shown to be predictive of functional 
motor outcome for intrinsic spinal cord tumor surgery [20]. Intraoperative MEPs 
allow direct monitoring of corticospinal tracts. Motor potentials are evoked with 
transcranial stimulation of the motor cortex. The MEPs are elicited with a short 
high-frequency train of electrical stimuli. The responses are recorded with needle 
electrodes from limb muscles. The motor potentials are interpreted as on or off—
their presence indicates intact motor control and their absence marks temporary loss 
of motor function. A single electrical impulse results in the activation of fast- 
conducting axons, which is recorded by an epidural electrode placed caudal to the 
tumor. This recorded potential is the D-wave and is a relative measure of the number 
of functioning fast conducting corticospinal fibers. When MEPs are evaluated 
together, myogenic or limb potentials and motor potentials are evoked with tran-
scranial stimulation of the motor cortex. The myogenic MEP exhibits either a pres-
ent or absent (all-or-none) response, whereas the epidural D-wave amplitude 
monitoring provides valuable real-time feedback regarding the number of func-
tional corticospinal tract units below the level of the lesion. The graded potential 
serves as a threshold form when a neurological deficit can be expected; when inter-
preted in combination with MEPs, graded potential determines whether a deficit is 

18 Malignant Intramedullary Spinal Cord Tumors



350

likely to be transient or permanent [62, 63]. Commonly, the D-wave threshold of 
50% reduction in amplitude is interpreted as a threshold at which tumor resection 
should cease, since any further loss of MEP will result in a potentially permanent 
deficit. As long as the D-wave amplitude remains above 50%, the patient is likely to 
awaken with a temporary motor deficit that is likely to improve [20].

At the start of surgery, a midline skin incision and standard subperiosteal dissec-
tion is performed to expose the laminae of interest. Laminectomies, or an osteoplas-
tic laminoplasty, can be performed to provide exposure of the thecal sac. Care 
should be taken not to disrupt the facet joints, which can lead to iatrogenic instabil-
ity of the spinal column and future deformity. The bony exposure should extend 
above and below the lesion to allow adequate room for tumor resection without 
significant spinal cord retraction or manipulation. Use of an osteoplastic lamino-
plasty, which allows for re-affixation of the posterior bony elements following 
tumor removal, has been shown to have some positive effect on decreasing the inci-
dence of post-operative spinal deformity requiring fusion in pediatric patients. In 
addition, a trend towards a decreased rate of CSF leak has also been observed across 
age groups [64, 65]. Following removal of the laminae, intraoperative ultrasound 
can provide further transdural tumor localization. The bony opening needs to be 
large enough to expose the solid component of the tumor. The rostral and caudal 
cysts do not need to be fully exposed [20]. Epidural electrodes are subsequently 
placed for D-wave monitoring.

A midline durotomy is performed with placement of tenting sutures. If at this 
point there are changes to either MEPs or SSEPs, tension should be release in order 
to explore the possibility that there was too much tension on the cord itself. 
Surrounding epidural cottonoids help to absorb blood from the epidural space and 
prevent blood entry into the intradural space. Once the dura is opened above and 
below the tumor margins, it is important to survey the spinal cord and make note of 
irregularities, such as rotation, focal prominence, bulging, or discoloration near the 
cord surface. Use of an operating microscope is essential for IMSCT resection. It is 
important to consider tumor laterality, if any, when considering the location in 
which to perform the myelotomy. Special attention should be paid to surface veins 
that dive inwards within the dorsal median sulcus and the dorsolateral sulcus, which 
can help orient the surgeon in cases of cord rotation and irregularity. The dorsal 
median sulcus is the most common chosen entry point to the spinal cord, but the 
dorsolateral sulcus should be used in cases in which the dorsolateral sulcus allows 
for a shorter path to the tumor.

Once the myelotomy is performed, retraction may cause diminished SSEPs due 
to dorsal column manipulation. The myelotomy should extend a sufficient length to 
have access to the tumor poles. Yet, there is no need to extend the myelotomy all the 
way above the poles, which can lead to unnecessary resection of viable neural tis-
sue. The myelotomy should be large enough to give enough access to the tumor 
without using excessive retraction that can lead to cord injury. The tumor typically 
lies several millimeters below the cord surface. Once the tumor substance is encoun-
tered, it may be useful to first obtain a few small specimens with small tumor for-
ceps for frozen section pathological examination to ensure a high likelihood of 
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obtaining a definitive diagnosis. Following this, the remainder of the resection can 
be performed. Intramedullary tumors have differences in appearance, such as tex-
ture and color, which help differentiate the tumor type. Astrocytomas or ganglio-
gliomas have a gray-yellow appearance. A true plane between tumor and normal 
spinal cord does not exist in these tumor types, and therefore the surgeon should not 
attempt to define a tumor-spinal cord interface since additional manipulation can be 
harmful to the surrounding spinal cord. Ependymomas are typically a red-gray 
color. These tumors are well demarcated from surrounding spinal tissue and a safe 
interface can be found for dissection [20].

In both cases it is advisable not to try and first dissect the tumor from the normal 
spinal cord, but rather to decompress its interior and then try to dissect the tumor from 
normal cord (which is more amenable in ependymomas than astrocytomas or ganglio-
gliomas). Yet in some cases in which tumor size allows, some authors advocate en 
bloc resection for ependymoma [66]. Use of bipolar cautery should be limited as 
thermal injury can harm surrounding normal neural structures, resulting in loss of 
function heralded by changes in neurophysiological monitoring. Effective resection 
can be achieved with gentle tumor manipulation and dissection from surrounding 
structures. Retraction should be dynamic (i.e., changing) throughout the surgery in 
such a way that the area under active surgical manipulation is retracted but other areas 
are relieved from retraction in order to regain cord blood supply. The presence of a 
syrinx is less common in children with IMSCTs than in adults with similar lesions, 
although resectability may be enhanced given the fluid filled space that, when decom-
pressed, creates increased room for tumor manipulation [67]. Gentle suction and dis-
section can be effective in removing the tumor, but an ultrasonic aspirating device or 
contact laser probe may be required with firmer lesions for cytoreductive debulking. 
The Cavitron ultrasonic aspirator (CUSA) uses high frequency sound waves to frag-
ment and then suction tumor tissue from its tip. Micro tips allow for tumor removal 
with minimal manipulation of adjacent spinal cord [53]. The Nd:YAG contact laser 
system (SLT, Montgomeryville, PA) has a hand piece and various contact probes, 
which. Can be used to perform myelotomy and dissect the glial-tumor interface [57].

Once tumor resection is completed, meticulous hemostasis should be achieved 
with a variety of hemostatic agents and, if needed, low-intensity bipolar cautery. 
The dura should be closed in a watertight fashion to decrease the likelihood of post-
operative CSF leak. Use of a fibrin sealant may add additional protective effect 
following dural closure. We recommend waiting to remove the epidural D-wave 
electrodes until after the dural closure is complete. If utilized, the laminoplasty 
should be re-affixed with mini-plates with special care taken to avoid epidural com-
pression of the thecal sac, hence we prefer to fix the bone in a way that leave an 
excessive epidural space that prevent any bony compression on the cord after sur-
gery. The muscular fascia is closed in a watertight fashion and a layered superficial 
closure is preferred.

In some cases, GTR can be achieved, but in other instances it is not feasible 
without causing significant neurological deficit. Therefore, surgeon judgment is 
critical in determining when tumor resection should cease regardless of whether 
remnant tumor is present.
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18.8  Surgical Outcome

The location, type, and size of the tumor can affect surgical outcome. An extensive 
tumor extending over multiple segments requires a more extensive myelotomy, 
which can disrupt the dorsal column tracts. Due to the low incidence of other 
IMSCTs, reports of clinical outcomes are scarce. In general, a radical resection for 
any IMSCT has been correlated with long-term survival [20, 68]. To date, studies 
assessing the effects of GTR on progression-free survival have yielded mixed 
results, and further clarification is needed with larger patient samples with more 
extended follow up [59, 69]. The use of intraoperative neuromonitoring allows the 
surgeon to be more aggressive; however, acute but transient postoperative decline is 
not unusual. Up to one-third of patients will experience worsening of their neuro-
logic status during their post-operative hospital course. Yet, approximately 25–41% 
of patients with worse status will at least revert to their preoperative status within 
6 months of surgery [60, 70]. A good outcome following surgery is dependent on 
the preoperative functional status of the patient, the general tumor burden, the pres-
ence of surgical plane between the tumor and the normal structures, and the final 
pathology. The mean time from primary resection to recurrence is on average 
3 months [71], yet neurological improvement can be seen even 1 year after surgery. 
Progression-free survival is associated with the extent of resection as do long-term 
survival at 10 years and 20 years [71].

Different factors affect survival for malignant spinal cord tumors. For malignant 
spinal cord astrocytomas (both anaplastic astrocytoma and glioblastoma), some of 
the available data mix both histology types and these publications are yet to incor-
porate the recent understanding of molecular subtyping that emerged in recent years 
(e.g., H3 K27M). In most publications, age, location in the spinal cord, gender, and 
extent of resection affect outcome. Altogether, anaplastic astrocytomas are associ-
ated with increased survival with histology, adult patients, male patients, and 
patients undergoing radical resection [72]. For pediatric patients, better rates of sur-
vival are associated with young patient age at time of diagnosis, and shorter lag- 
time for surgery [55].

The resection of intramedullary high grade astrocytomas presents unique chal-
lenges. A higher morbidity is associated with radical resection of astrocytomas in 
some reports. Clinical recurrence rates of partially excised astrocytomas has been 
found to be up to 50% of cases in 5 years [73]. Overall, GTR is possible for low- 
grade and high-grade astrocytomas in 41–55% and 9–17% of cases, respectively 
[59, 70, 74]. In the pediatric population despite aggressive treatment of intramedul-
lary astrocytomas, these tumors continue to carry a poor prognosis. High-grade 
astrocytomas (anaplastic astrocytoma and glioblastoma) are associated with an 
especially poor outcome, with a median survival of around 6 months, while patients 
with far more common low-grade tumors may live longer than 6 years [55]. Patients 
with glioblastoma have a higher mortality compared with patients with anaplastic 
astrocytoma. The literature describes survival rates varying from 6 to 72 months for 
patients with anaplastic astrocytoma and 6–10  months for patients with 
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glioblastoma [72]. In the past, several publications advocated minimal surgical 
intervention and promoted biopsy and radiation therapy; yet as mentioned before, 
recent studies suggested that extent of resection is a significant predictor of survival 
rate, especially for anaplastic astrocytoma [75].

For spinal cord ependymomas, survival and progression-free survival were 
described in previous publications, yet most of them included myxopapillary epen-
dymomas (WHO Grade I) as part of the analysis. The biology and tumor behavior 
for WHO I ependymomas are completely different, and hence can significantly 
influence the results regarding survival parameters. The factors associated with sur-
vival for spinal cord ependymomas are histological grade, extent of resection, and 
proliferation index (Ki-67). Low Ki-67 was shown to predict better progression-free 
survival as well as low WHO grade [76]. GTR was shown in several publications to 
significantly improve survival for spinal cord ependymomas. The resection of epen-
dymomas poses a different challenge for the surgeon since recurrence rates of epen-
dymomas is dependent mainly upon the extent of tumor resection [77]. Recent 
reports have cited a GTR rate of around 90–93% for ependymomas [70]. Histology 
and extent of resection are considered to be the most important prognostic factors 
for the post-surgical outcomes of spinal cord ependymomas [78]. Different publica-
tions cited higher recurrence rates after STR (up to 40%) when compared to GTR 
(up to 20%) [79]. Better extent of resection of spinal cord ependymomas correlates 
with better survival, with 90% 10-year survival after GTR and only 80% 10-year 
survival after subtotal resection [76, 80]. Factors like size of the tumor (in some 
publications >10 cm) and location (thoracic is worse than cervical and lumbar) are 
risk factors for failure to achieve GTR in spinal cord ependymomas [66, 81, 82].

Postoperative progressive spinal deformity has been reported in 16–100% of 
IMSCT resection cases [83]. The pathology may be due to neuromuscular dysfunc-
tion of paravertebral muscle denervation and lack of support to the vertebral col-
umn. The pathology may also be due to a loss of the posterior tension band after 
laminectomies, which can cause biomechanical instability and difficulty maintain-
ing sagittal alignment, especially after a multi-level laminectomy and particularly in 
skeletally immature children [83]. Contributing factors for post-IMSCT resection 
spinal deformity are young age (in some series less than 13-years-old and in some 
less than 7-years-old), pre-operative kyphoscoliosis deformity, greater than 2-level 
laminectomy, post-operative radiation, involvement of the cervicothoracic junction, 
and presence of a syrinx [20, 83–85].

Laminectomy versus laminoplasty has been investigated as a contributing factor 
to postoperative deformity; however, outcomes have been mixed. Instrumented 
fusion at the time of the index operation is not recommended—even with the above 
risk factors—due to the need for serial imaging to evaluate for tumor recurrence and 
the impedance of the metal artifact. Currently, close follow-up with serial imaging 
is recommended, including imaging and at more frequent intervals for at-risk 
patients to evaluate for post-operative deformity; even with the diagnosis of post- 
operative deformity, management with external bracing may be sufficient in some 
cases [85].
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18.9  Adjuvant Therapy

Aggressive surgical intervention for IMSCTs has yielded excellent outcomes with 
minimal mortality and excellent quality of life among children [86]. Morbidity in 
the form of new neurological deficits is often temporary, and a post-operative 
decrease in more than one functional grade is rare [87]. While microsurgery may 
allow for GTR, microscopic cellular infiltration warrants continued monitoring over 
time. These cellular remnants may not progress even over significant periods of 
time. Hence, patients who recovered from spinal cord surgery for resection of 
IMSCT need to stay under follow-up for many years post-surgery (sometimes indef-
initely). If relapses or recurrences occur, repeat surgery or chemotherapy should be 
considered with increased urgency in a symptomatic patient. Radiation therapy may 
play a beneficial role for patients with lesions that are not surgically amenable, 
patients do not tolerate chemotherapy, or patients with rapidly progressing malig-
nant lesions. Radiotherapy and chemotherapy are reserved for tumor recurrence, 
high grade tumors, infiltrative tumors, or when surgical resection is contraindicated 
[88]. Some groups have reported their experiences with an approach involving sur-
gery for biopsy or partial resection, followed by radiation therapy in cases of incom-
plete resection [89, 90]. One series reported that the use of radiation improved 
progression-free survival in low and high-grade astrocytomas after complete or sub-
total resection or after recurrence [91]. For pediatric glioblastoma patients, a 
recently published article showed that radiotherapy as adjuvant for GTR yield 
higher survival rates than after subtotal resection [38]. Radiation therapy with 40 Gy 
to the entire spinal axis (other studies advocate higher doses in extreme cases) 
increased patient survival from 4.5 to 22.7 months as shown in previous publica-
tions [51, 69, 92]. Yet other studies only found a statistical trend, not a significant 
relationship between radiation and survival outcomes in these patients [72]. Survival 
benefit in patients undergoing radiation versus no radiation has been found to be 
15 months versus 5 months. This trend is especially remarkable in adult patients if 
plotted and analyzed separately from the pediatric subgroup [72]. One of major 
problems in studies comparing patient groups that do and do not receive radiother-
apy for malignant spinal cord tumor is that the non-radiotherapy group is usually 
very small in most publications. Comparisons between radiation-treated patients 
and non-radiation-treated patients are, therefore, not statistically significant. We 
know there is a biological difference between pediatric and adult malignant spinal 
cord gliomas when considering all available data, and yet radiation therapy is still 
recommended for both age groups.

Radiotherapy has been used for years—especially after subtotal resection—in 
intramedullary ependymomas or astrocytomas with conventional fractionation and 
doses of 45–50 Gy. It has been limited by the risks of radiation myelopathy, and 
gastrointestinal or fertility compromise, and with mixed effects on tumor control 
[93]. While adjuvant radiation in ependymomas is often used after subtotal resec-
tion, the role of radiation after GTR is debatable [73, 94]. The effectiveness of radia-
tion therapy for spinal cord ependymomas was questioned in several publications 
that did not show clear a significant effect of radiotherapy on progression or 
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recurrence. Some publications even showed a negative effect of radiotherapy on 
survival after subtotal resection [80, 94, 95]. Controversy also arises with the use of 
radiation therapy in children with IMSCTs as possible toxicity includes growth 
retardation, secondary malignancy development, radiation-induced myelopathy, 
vasculopathy, impaired spine growth, changes to the normal parenchyma, and spi-
nal deformity requiring fusion (particularly if further intervention is required). 
Radiation can create real difficulty in two ways: first, radiation necrosis or changes 
are hard to differentiate from tumor progression; and second, after radiation the tis-
sue tends to scar in a way that makes second-look surgery or surgery for suspected 
relapse dangerous and challenging. A 25% risk of secondary tumors is also associ-
ated with radiation therapy, especially in children [88]. In recent years there has 
been a growing interest on using radiosurgery as a treatment modality. Several 
authors published excellent results, and a recent systematic literature review on ste-
reotactic radiosurgery for intramedullary spinal cord tumors concluded that the 
technique is safe and effective in selected cases [96–98]. The risk of spinal cord 
toxicity and radiation myelopathy had to be discussed with the patient with up to 
25% treatment- related toxicity on adjacent organs [99]. For all these reasons, radia-
tion therapy is reserved as a last resort in the treatment IMSCTs, especially in the 
pediatric population. The preferred treatment paradigm (especially for ependy-
moma) is repeat resection when possible and use of radiation therapy only when 
resection is not possible.

Chemotherapy in the treatment of IMSCTs has traditionally been utilized only 
when resection and adjuvant radiotherapy were contraindicated or unsuccessful 
[88]. Options are more limited due to the blood-spinal cord barrier and the inability 
of large molecules to penetrate and provide therapeutic effect while limiting sys-
temic toxicity. Additionally, CSF pulsations diffuse the effect of the chemotherapy 
even further limiting the dose potency. Chemotherapy treatment paradigms for spi-
nal cord ependymomas and mainly astrocytomas are derived mainly from data 
related to intracranial treatment of the same group of tumors. Yet in recent years 
with the growing understanding of molecular subtyping, we know that spinal epen-
dymomas are not similar to supratentorial ependymomas, and the same is true for 
spinal cord high-grade gliomas. Chemotherapies for intramedullary astrocytomas 
most commonly include alkylating agents (e.g., temozolomide) and vascular endo-
thelial growth factor (VEGF) inhibitors (e.g., bevacizumab), which are used in the 
same treatment paradigm as intracranial anaplastic astrocytoma and glioblastoma 
[100]. Since the randomized trials by Stupp et al. demonstrating the beneficial effect 
of combined temozolomide and radiotherapy [101], adjuvant temozolomide has 
become the standard of care for patients with glioblastoma and may have a role as 
an adjuvant therapy in spinal glioblastoma as well [102–104]. The dosage is usually 
determined by the intracranial protocol for 6 weeks of treatment. The additional use 
of bevacizumab to temozolomide was used in a rodent model and suggested an 
increased efficacy of temozolomide for intramedullary spinal cord gliomas [105]. 
Salvage therapy with bevacizumab in recurrent spinal cord glioblastoma following 
failed temozolomide treatment has been described in a small cohort resulting in 
stable or partial response in 5 out of 6 patients [100, 106].
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The role of chemotherapy for IMSCTs in children is not clear-cut as no random-
ized controlled trial has been performed evaluating its efficacy in this particular 
population of patients. Various chemotherapeutic and radiation therapy options 
have been utilized for spinal cord glioblastoma in an attempt to achieve a small 
increase in survival in this dire patient population [52]. Studies have demonstrated 
possible therapeutic value for temozolomide, a DNA-alkylating agent. Temozolomide 
is currently part of the standard of care for intracranial astrocytomas and its use has 
subsequently been translated to IMSCTs. The search for chemotherapeutic agents 
for pediatric patients with glioblastoma has not yielded compelling results [107–
110]. As mentioned above, concomitant temozolomide and radiotherapy and adju-
vant temozolomide have been shown to confer some benefit to adult patients with 
spinal cord Glioblastoma [101], yet such results have not been replicated in children 
[111], which can be explained by recent findings that spinal cord glioblastomas dif-
fer between pediatric and adult patients (like in the case of supratentorial glioblas-
tomas), although they share the same name. One of the differences shown in 
previous studies that described overexpression of O(6)-methylguanine-DNA meth-
yltransferase (MGMT), which was adversely associated with survival [101, 111]. 
MGMT-independent pathways of resistance to temozolomide have also been identi-
fied [112]. In a recent study, Cohen et al. treated 90 children with high-grade glio-
mas with concomitant chemo-radiotherapy with temozolomide followed by adjuvant 
temozolomide. Outcomes were compared to a previous published study from the 
cohort of the Children’s Cancer Group study (CCG-945) and shown to be similar 
[111]. The additive value of bevacizumab for high-grade gliomas in adults was 
shown to be less significant for pediatric high-grade spinal cord gliomas. Same is 
true for the use of irinotecan, which was shown to achieve a significant response in 
high-grade adult gliomas, but failed to show the same significant response in chil-
dren [113–115]. Although results are less promising, the current paradigm still sug-
gests using surgery with adjuvant multimodal therapy of chemotherapeutic agents 
for pediatric spinal cord glioblastoma with the use of radiation therapy either right 
away or with failure of initial treatment [116]. For pediatric spinal cord anaplastic 
astrocytoma, there are fewer data, hence some surgeons will advocate strict follow 
up with GTR while some will advocate the use of adjuvant therapy immediately 
regardless of the extent of resection.

Overall, the treatment approach to growing or symptomatic IMSCTs should be 
microsurgery with maximal safe tumor resection. If a satisfactory resection is 
achieved, interval monitoring can be applied in certain cases; although for malig-
nant astrocytomas, adjuvant treatment is warranted in most cases as an adjuvant 
treatment. In less aggressive tumors, small post-operative tumor remnants can be 
carefully observed with serial imaging. With large recurrences, repeat surgery may 
be needed, and for inoperable cases, adjuvant therapy (preferably with chemother-
apy as a first-line intervention) is appropriate. For malignant astrocytomas, post- 
surgical adjuvant therapy is usually warranted, taking into account the infiltrative 
nature of the tumor. On the other hand, for high-grade ependymomas, consider sur-
gery and repeat surgery before using adjuvant therapy. For ependymomas if GTR 
achieved, there is no need for adjuvant oncological therapy.
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19.1  Introduction

Intradural metastatic disease to the spinal cord is an uncommon phenomenon, and 
accounts for up to 6% of all spinal metastases [1]. Intramedullary spinal cord tumors 
are even more uncommon, affecting approximately 2% of all cancer patients [2]. 
The more common location for intradural spinal metastases is to the vertebral body, 
causing extradural compression, which is beyond the scope of this chapter. 
Regardless, the management of spinal metastases can be complex and must take 
into account the patient’s complaints, overall clinical status (i.e., tumor burden and 
Karnofsky status), radiographic findings, and life expectancy. The acuity and inten-
sity of the interventions are largely determined by the severity of the neurologic 
deficit.

Current management strategies employ a multi-disciplinary approach, which 
promotes a more rigorous treatment protocol to optimize patient outcomes. A mul-
titude of rigorous clinical studies have been published to address metastatic spinal 
disease in general, from which treatment models have been generated [3–6]. This 
chapter provides a comprehensive review of management strategies and offers rec-
ommendations in the treatment of intradural spinal metastases.
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19.2  Epidemiology

Improved survival from cancer has increased the prevalence of spinal metastases, 
and is estimated to be present in up to 40% in patients with cancer [7]. About 
300,000 patients have bony metastases with upwards of 60% having a spinal lesion 
[7–9]. In this regard, the spine is the most common site for bony metastases [7]. The 
incidence of spinal metastases is estimated to be 10% [10], and an additional 10% 
will eventually develop spinal cord compression [7].

Over 95% of all spinal metastases are extradural within the vertebral body, and 
more than 50% of cases have more than 1 level of involvement [1]. Less common 
are the metastases to the intradural-extramedullary and intramedullary areas, 
accounting for only 5–6% and 0.5–2%, respectively [1, 2]. The most common pri-
mary source of spinal metastases is lung (31%), followed by breast (24%), other 
(13%), gastrointestinal tract (9%), prostate (8%), lymphoma (6%), melanoma (4%), 
and kidney (1%). The infrequency of intradural and intramedullary lesions have 
resulted in difficulties with delineating the true epidemiology—a few studies have 
identified the most common source as lung, but they can also originate from the 
breast, prostate, or renal cells, or from lymphoma and melanoma [8, 11]. Depending 
on the primary lesion, either osteoblast or osteoclast activity can be promoted. This 
increased activity can result in a varied phenotype of osteoblastic, osteolytic, or 
mixed lesions [12].

The most common mode of metastasis to the spine is arterial, and accounts for 
the increased frequency of bone marrow involvement. Venous spreading through 
Batson’s plexus has also been proposed as a source of spread. Contiguous spreading 
can occur as well. The most common area of involvement is the thoracic region 
(70%), followed by the lumbar (20%) and cervical regions (10%) [1]. Within the 
vertebral body, about 60% of metastases are localized to the anterior portion, with 
the remaining 30% affecting the pedicle or lamina.

The presence of an intramedullary spinal cord lesion is a poor prognosticator 
with an estimated survival of less than a month [13]. The increased prevalence of the 
spinal metastases necessitates a heightened sensitivity to the patient’s signs and 
symptoms, as undetected spinal cord compression can result in devastating 
consequences.

19.3  Presentation and Clinical Evaluation

Intradural metastatic spinal cord lesions commonly cause radicular and myelopathic 
symptoms secondary to spinal cord compression or vascular incompetence. Unlike 
bony metastases, in which pain is secondary to bony instability, the pain is usually 
radicular in nature. Intramedullary tumors can also cause unilateral motor and sen-
sory symptoms, such as with Brown-Sequard syndrome [14, 15]. A subset of 
patients will present with a rapidly progressive neurologic deterioration, 
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necessitating an urgent diagnosis and treatment [16, 17]. The preoperative perfor-
mance status is critical to the determination of the treatment protocol; thus, the ini-
tial clinical evaluation must be performed with great detail. A thorough 
history—which includes the duration of systems, systemic cancer history and treat-
ments, and overall quality of life—must be taken into consideration. Next, a detailed 
neurologic examination with a focus on the motor and sensory function, deep ten-
don and pathologic reflexes, and rectal tone must also be performed.

Overall performance status is critical in the determination of the treatment plan 
as patients with metastatic disease may have a shorter life expectancy, making more 
invasive and time-consuming interventions less ideal since they may harm the 
patient and decrease quality of life. The typical mode of assessment of performance 
status is the Karnofsky performance status (KPS) [18, 19], which has been shown to 
be a good prognosticator of treatment [20–22]. In general, a KPS of less than 40 
portends a poor prognosis, as evidenced by a multitude of scoring systems [4–6, 
23]. The basic tenant of all these scoring systems is that the overall burden of dis-
ease must be considered [5]. While the majority of surgical interventions for meta-
static disease are aimed at local control, preservation of neurologic function, 
maintenance of spinal stability, and life expectancy, KPS must be considered in the 
overall treatment. Less invasive efforts, such as kyphoplasty, vertebroplasty, or 
medical management, should be offered in cases with poor prognoses.

19.4  Imaging Studies

In situations in which there is a concern for spinal cord involvement, such as new 
radiculopathy or myelopathy, the next step in the work-up is to obtain imaging stud-
ies. The goal of imaging is to determine the presence and location of a pathological 
lesion, and to ascertain the degree of compromise to the overall stability based on 
neural compression and bony destruction. In this regard, computed tomography 
(CT) and magnetic resonance imaging (MRI) studies are the most informative 
imaging modalities. These 2 studies will provide the greatest breadth and depth 
regarding the presence of spinal cord compression and pathologic fractures. 
Additional information can be obtained with ancillary studies, such as bone scans 
and positron emission tomography (PET), which provide details on the overall 
tumor burden. Static X-rays are of limited utility due to its low resolution and poor 
soft tissue detail. In contrast, dynamic X-rays with flexion and extension could pro-
vide some insights to identify additional areas of instability for surgical planning 
purposes.

Metastases most commonly involve the vertebral body and posterior elements 
with its affinity for bone marrow. Most tumors are lytic in nature; however, osteo-
blastic lesions can also occur. Thus, a combination of imaging modalities yields the 
greatest insights. A recent meta-analysis reviewed the advantages of multi-modality 
imaging to assist in the diagnosis and treatment of bony metastases [24].
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19.4.1  Nuclear Imaging and Positron Emission Tomography

A PET scan is the traditional screening study for metastatic disease involving the 
spine. This imaging study carries a high sensitivity of 95%. PET scans detect meta-
bolic activity, which can be helpful when bony involvement is minimal, as is the case 
with isolated bone marrow involvement. Additionally, whole-body imaging is pos-
sible to further delineate overall disease burden. However, in contrast to MRI, the 
spatial resolution is more limited. Various tracers can be used, such as 18F-FDG, 
11C-choline, 18F-choline, and MIBG. The optimal tracer can vary depending on the 
primary tumor, and is currently an area of intense research [25, 26]. Tumor- specific 
tracers are also in development, and currently in preliminary investigations [27].

19.4.2  Computed Tomography

CT scans are most useful to characterize bony involvement with cortical destruc-
tion, demarcation of lesion margins, and tumor calcification. The tumor can also be 
delineated as a lytic or blastic lesion. These features combined can be utilized to 
narrow the differential diagnosis, as certain features are pathognomonic for specific 
lesions. This modality carries a greater degree of spatial and temporal resolution 
compared with conventional radiography, and has thus supplanted it as primary 
modality for bony anatomy.

The extent of vertebral involvement is important in assessing the risk for instabil-
ity. A CT scan is helpful in determining the presence of a compression fractures, 
trabecular bone thinning, sclerotic pedicles, cortical destruction, and multiple col-
umn involvement that increases the risk of pathologic instability [10, 28–30].

19.4.3  Magnetic Resonance Imaging

The most informative imaging modality is a contrasted MRI study, which provides 
the greatest detail on the location and involvement of the surrounding soft tissues 
(i.e., paraspinal region). This modality is highly sensitive and specific at greater than 
90% for detecting spinal malignancies [31]. The pathologic lesion can be further 
defined as extradural, intradural, or intramedullary. The degree of spinal cord and 
nerve root impingement can be characterized. MRI is also the most sensitive in 
detecting isolated bone marrow infiltration, which permits an earlier diagnosis, in 
contrast to other modalities that would not be able to detect abnormalities until after 
at least 50% of the bone is destroyed [10, 30, 31]. As such, it is important to image 
the entire spine when a metastatic lesion is suspected since concurrent lesions are 
common. Metastatic lesions are commonly hypointense on T1 and hyperintense on 
T2 sequences, and will enhance to a varying degree [32, 33]. Restricted diffusion- 
weighted imaging (DWI) can also be used to differentiate a pathologic from an 
osteoporotic fracture [34, 35]. The gradient echo sequence provides some insights 
into the effect of the tumor on bone.
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19.5  Treatment Planning

The treatment plan is predicated on the philosophy of “first, do no harm.” The initial 
assessment of the patient must take into consideration the patient’s current func-
tional status, systemic tumor burden, overall health/co-morbidities, and patient pref-
erence. The complexity of this situation necessitates a multi-disciplinary approach 
to develop the ideal management strategy. Several studies have highlighted key con-
siderations and developed some algorithms for treatment stratification [36]. One 
caveat is that these scoring systems apply to the whole population with spinal 
metastases, of which almost 95% of the patients have vertebral body involvement. 
In this regard, the applicability to isolated intradural and intramedullary metastases 
may be limited. However, some insights can be obtained from these scoring 
systems.

The most common prognostic score is “LMNOP,” which represents Location of 
disease, Mechanical stability, Neurological risk, Oncological parameters, and 
Preferred treatment [37]. The mechanical stability of the spine is crucial for main-
taining neurologic function with instability also resulting in increased pain and dis-
ability. Several scoring systems have been devised with the most common system 
being the Spine Instability Neoplastic Score (SINS) [38–40]. SINS describes 6 cat-
egories that can contribute to spinal instability: location, pain, bone lesion, radio-
graphic spinal alignment, vertebral body collapse, and posterior spinal element 
involvement. A SINS greater than 13 signifies instability, while a score of 7–12 is 
potentially unstable. The advantage with SINS is a high inter- and intra-observer 
reliability within and across various specialties [38, 41]. The neurological risk is 
determined from the current neurologic examination and potential for further neu-
rologic compromise, but also radiographic findings of spinal compression. 
Unfortunately, no grading system currently exists for intradural lesions. Bilsky et al. 
developed a scoring system to grade the level of spinal cord compression epidurally 
[42]. Oncological parameters take into account the tumor type and its responsive-
ness to radiation therapies. Radio-responsiveness can push treatment recommenda-
tions for less-invasive therapies, such as stereotactic radiosurgery. Lastly, the 
preferred treatment is the compilation of the multiple specialties based on the clini-
cal and radiographic findings previously discussed.

Other scoring schemes for survival estimates from spinal metastases have also 
been described [4–6, 23], and differ on the weight placed for various factors. A 
recent meta-analysis aimed at identifying prognostic factors in metastatic spinal 
disease found 17 poor prognostic factors separated into cancer-specific and nonspe-
cific factors, from which a tumor-specific scoring system was developed [43].

19.6  Treatment/Intervention

Surgery and radiation therapy are the mainstay treatments for spinal cord metasta-
ses, and are frequently combined as a multimodal therapy to improve outcome [44, 
45]. This was described in the seminal randomized clinical trial by Patchell et al., 
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which identified a definitive role for direct decompression surgery with radiation as 
a superior treatment for spinal cord compression from metastatic lesions [45].

19.6.1  Surgery

The goals of surgery in metastatic spinal disease are diagnosis and decompression 
of the neural elements to prevent further neurological decline. In the case of intra-
dural lesions, preoperative MRI is critical in the determination of the surgical goals. 
As previously described, MRI can aid in the determination of the location of the 
lesion relative to the dura, and if intramedullary infiltration is present. The extent of 
neural involvement from a clinical and radiographic standpoint will define the 
degree of resectability, but also the tumor characteristics (i.e., tumor consistency 
and presence of a tumor margin) found intraoperatively. The ideal situation is for an 
en bloc resection with clear surgical margins, but this can cause substantial neuro-
logic morbidity. In the setting of intramedullary metastases, a clear margin can be 
appreciated to facilitate en bloc resection [11, 46]. In cases where en bloc resection 
is not feasible, subtotal decompression can be pursued and followed with adjunctive 
radiation therapy.

In the setting of an intradural or intramedullary lesion without osseous involve-
ment, spinal stabilization is not likely necessary. The priority is maximal resection 
as safely as possible. This is facilitated by intraoperative neurophysiological moni-
toring. Gross total resection is a priority for intradural and intramedullary lesions. 
As previously stated, complete resection is often not possible, thus necessitating 
adjunctive radiation therapy for further tumor control. Cases of intradural- 
extramedullary and intramedullary metastases are few, but suggest that surgery may 
be effective to maintain neurologic function [47, 48].

19.6.2  Radiation

Radiation therapy offers a less invasive means of tumor control, and can be utilized 
as the initial treatment or as an adjunct in the postoperative setting. The decision to 
use radiation therapy largely depends on factors described in the previous section, 
namely neurologic compromise, overall performance, and systemic tumor burden. 
Unfortunately, there is a paucity of rigorous data regarding radiation treatment for 
intradural and intramedullary spinal metastases. However, many case studies have 
advocated the use of radiation for patients with intramedullary spinal cord tumors 
due to their overall poor prognosis [16, 49, 50]. Conventional external-beam radio-
therapy (EBRT) is the most common mode of radiation for bony spinal metastases, 
and consists of daily low-dose radiation in single or daily fractions ranging from 8 
to 30 Gy [21]. There are data to suggest that hypofractionation decreases the likeli-
hood of retreatment with improved rates of local control [51, 52]. However, the 
biggest disadvantage to dose escalation with this modality is the toxicity to the 
spinal cord at 45–50 Gy.

Stereotactic spinal radiosurgery (SSRS) and spinal radiotherapy (SRT) have 
emerged as viable alternatives in the treatment of metastatic spinal lesions with the 
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ability to deliver a very high dose of radiation with improved accuracy, thus decreas-
ing toxicity to local tissues. SSRS is delivered in a single fraction whereas SRT is 
delivered in 2–5 treatments. Studies for osseous metastatic lesions yield control 
rates of up to 90% at 2 years for bony metastatic disease [53–55]. Some studies have 
shown promise of SRS for the treatment of intradural lesions [56–58]. Although no 
studies for intramedullary lesions exist, the theoretical advantage compared to 
EBRT is a 3-times higher biologically effective dose. SSRS can also induce a higher 
rate of deoxyribonucleic acid (DNA) damage, which improves the control rate for 
traditionally radioresistant tumors [59–63]. The increased accuracy is a function of 
improved planning with the contouring of the tumor to minimize radiation to the 
adjacent tissues, namely the spinal cord. This necessitates a thorough understanding 
of the neuroanatomy, and may require a decompression or separation surgery to 
delineate the lesion. For this reason, SSRS and SRT require a multidisciplinary team 
consisting of medical oncologists, radiation oncologists, physicists, and neurosur-
geons. Shin et al. previously described the safety of SRS for intradural and intra-
medullary metastases in a small case series [64]. SSRS and SRT comparisons to 
EBRT warrants further investigations.

19.7  Multimodal Treatment Algorithm

There is currently a paucity of clinical data to recommend a definitive framework 
for the treatment of intradural and intramedullary lesions. However, several insights 
can be obtained from the clinical data and algorithms derived for bony spinal metas-
tases. The degree of neurologic compromise coupled with the acuity of the decline, 
the systemic tumor burden, and overall performance are important considerations as 
to the aggressiveness of the interventions. The location and degree of involvement 
of the neural elements will determine the role of surgery and the timing of radiation 
therapy as either a primary or secondary treatment. Tumor histology also plays an 
important role as certain metastases are more radiosensitive, and newer immuno-
therapies may be utilized to improve outcomes [65, 66].

The combination of surgery followed by radiation therapy has been shown to 
improve outcomes for spinal metastases [45]. For intradural lesions, gross total 
resection is favored with adjuvant radiation for any residual tumor. This can also be 
applied to intramedullary lesions; however, surgical intervention should be pursued 
with caution in patients with a poor performance status.

19.8  Follow–Up and Further Interventions

Patients with intradural and intramedullary lesions will likely need rehabilitation, 
which can substantially improve the patient’s functional outcomes [67]. Bracing is 
not necessary, but may provide some relief if there is concurrent osseous involve-
ment. Radiculopathic complaints can improve with pregabalin or gabapentin, and 
muscle relaxants can help with pain control. Follow-up radiography should be pur-
sued at 3 weeks and thereafter at least every 6 months, but is as the discretion of the 
multidisciplinary treatment team.
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19.9  Conclusions

The treatment of intradural and intramedullary spinal metastases is complex and 
necessitates a multidisciplinary team for multimodal therapies. Important consider-
ations, such as the patient’s performance status, systemic tumor burden, location of 
the tumor, tumor type and patient preference, are critical to define when developing 
a treatment plan. Surgery and radiation are the mainstays of treatment, which the 
few clinical studies available have supported. More rigorous studies are necessary 
to determine outcomes from these treatments.

19.10  Case Illustrations

19.10.1  Case 1

WY is a 54-year-old woman with a history of metastatic breast carcinoma who had 
previously undergone a successful resection of a large right cerebellar metastasis. She 
presented emergently 3 months later with acute onset left-sided hemiplegia. An MRI of 
her cervical spine (Figs. 19.1 and 19.2) was significant for multi-focal intradural metas-
tases: an intradural extramedullary lesion at C2–3. The patient underwent a multi-level 
laminectomy and resection of the extramedullary lesion. Postoperatively, her strength 
improved with rehabilitation. A follow-up MRI of her lumbar spine revealed additional 
metastases, and the decision was made to place an Ommaya reservoir placement for 
intraventricular/intrathecal chemotherapy. She underwent adjuvant whole brain radia-
tion therapy with 3000 cGy in 10 fractions, and reduced field boost to the posterior 
fossa and upper cervical spine of 3900 cGy in 13 fractions. As her systemic disease 
progressed, she passed about 9 months from her diagnosis of spinal cord metastases.

19.10.2  Case 2

BW is 69-year-old man with non-small cell lung cancer treated previously with 
resection, irradiation, and chemotherapy presented with left-sided hemiplegia and 
intramedullary spinal metastasis at the C4–C5 level. The lesion was resected and 
postoperative irradiation planned after surgery (Fig. 19.3) [68].

19.10.3  Case 3

KS is a 55-year-old woman with a history of renal cell carcinoma and known metas-
tases to the lung. She underwent immunotherapy and was found to be in remission 
with regards to her systemic disease. She recently developed right-sided leg 
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weakness for the past couple of weeks that progressed to bowel and bladder dys-
function. An MRI was performed, which was significant for an intramedullary 
lesion at the conus medullaris (Fig. 19.4). The remainder of her neural axis was 
without disease.

The patient underwent a multi-level laminectomy with electrophysiological 
monitoring to resect this lesion, with pathology consistent with renal cell carci-
noma. Post-operatively, she experienced some improvement with regards to her 
lower extremity function, and is currently undergoing rehabilitation. Her future 
treatment plan is to undergo adjuvant stereotactic radiation.

a

c d

b

Fig. 19.1 Breast carcinoma metastasis. MRI brain T1-weighted post contrast axial (a) and coro-
nal (b) images showing a large right cerebellar metastasis. Postoperative post-contrast T1-weighted 
axial (c) and coronal (d) MRI of brain showing resection of tumor

19 Intradural-Extramedullary and Intramedullary Spinal Metastases



374

a
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b

Fig. 19.2 An MRI of cervical spine 2.5 month after initial cerebellar metastasis resection. (a) 
Sagittal T2-weighted MRI. (b) Sagittal T1-weighted postcontrast MRI. (c) Axial postcontrast 
T-weighted MRI showing intradural extramedullary tumor at C3. (d) Sagittal T2-weighted MRI. 
(e) T2-weighted MRI showing tumor resection

a b c

Fig. 19.3 Non-small lung cancer intramedullary metastasis. (a) Preoperative T1-weighted post- 
contrast sagittal MRI of the cervical spine showing tumor at C4–C5. (b) Sagittal T2-weighted preop-
erative MRI showing same tumor and adjacent spinal cord edema. (c) Post-contrast, T1-weighted axial 
MRI showing left-sided intramedullary tumor. (d) Post-contrast, sagittal, T1-weighted MRI showing 
tumor resection. (Note the fat graft dorsal to the dura to avoid cerebrospinal fluid leak or pseudomenin-
gocele.) (e) T2-weighted postoperative MRI showing tumor resection and fat graft dorsal to the dura. 
(f) Postoperative, post-contrast T1-weighted MRI showing tumor resection and fat graft
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a b

Fig. 19.4 Renal cell carcinoma metastasis. An MRI of the lumbar spine that is significant for an 
enhancing conus medullaris lesion seen on T1 post-contrast sagittal (a) and axial (b) cuts

d e f

Fig. 19.3 (continued)
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20.1  Introduction

Tumors of the sacral spine are rare, comprising up to only 7% of all spinal tumors 
[1]. They can be broadly categorized into two groups: primary or metastatic. Primary 
sacral tumors can be further divided into three groups based on origin: congenital, 
neurogenic, or osseous. The most common primary sacral tumor is the chordoma. 
The most common sacral tumor is from metastasis.

Identifying the distinction between primary sacral tumors and metastatic sacral 
tumors is important, as it may have significant implications on the subsequent treat-
ment paradigms and interdisciplinary discussions. A primary sacral tumor for 
example should be considered for surgical biopsy with specific approach consider-
ations and downstream treatment plans. Contrarily, a widely metastatic tumor with 
sacral involvement in a patient with a known primary lesion is likely not considered 
for a biopsy. Rather, deliberations for surgical tumor debulking or palliative treat-
ment plans including radiation or chemotherapy may be more appropriate.

Sacral tumors present significant surgical challenges and require dedicated con-
siderations due to a wide range of presenting symptoms, tumor type, and complex 
regional anatomy. The anatomy of the sacral spine is unique as it is elegantly inti-
mate with neighboring neurovascular structures, bony elements and joints, and 
organs of the retroperitoneum, which demand a multidisciplinary approach prior to 
initiating treatment.
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20.2  Congenital/Neonatal Sacral Tumors

Congenital tumors of the sacral spine in neonates can be defined as tumors detected 
during pregnancy or within the first few months of life. Thus, neonatal congenital 
tumors can be identified as teratomas, dermoid cysts, or hamartomas. Though more 
commonly diagnosed later in life, due to its cellular origins and histology, chor-
doma also falls within the congenital category. For neonatal congenital tumors, 
diagnosis is largely based on standardized prenatal and neonatal visits and various 
implemented advancements in imaging modalities. Treatment paradigms and con-
sequent outcome and prognosis are dependent on tumor type, location, size, age of 
patient at diagnosis, and associated congenital anomalies.

20.2.1  Sacrococcygeal Teratoma

Sacrococcygeal teratoma is the most common neonatal congenital tumor [1]. The 
true incidence of this relatively rare tumor is not known but has been reported to 
range from 1:23,000 to 1:40,000 favoring females (4:1) [2]. These tumors originate 
at the base of the coccyx and can be benign or malignant. Teratoma tissue involves 
all three germ cell layers (ectoderm, mesoderm, and endoderm), and can contain 
skin, teeth, respiratory or gastrointestinal mucosa, and nervous system tissue [3]. 
They can be categorized into four types: Type I are almost completely external, 
Type II are external with a pelvic extension, Type III have mostly intra-abdominal 
components with external components, and Type IV have all internal components 
without any external components [4].

The diagnosis of these tumors is often established in utero with routine prenatal 
visits and advanced prenatal ultrasonography. Prenatal magnetic resonance imaging 
(MRI) has also been assuming a larger role in further defining tumor extent and 
boundaries when ultrasonography proves inadequate. After birth, if types I–III, 
these lesions can be seen as an exophytic mass under normal skin, between the coc-
cyx and anus [3]. Signs and symptoms of urinary retention or lack of bowel move-
ments may prompt imaging in the postnatal period.

Due to their relatively large size and location, these sacrococcygeal teratomas 
have significant secondary effects on neighboring intra-abdominal organ develop-
ment and consequent overall neonatal development. Resultant issues such as tumor 
hemorrhage, arteriovenous shunting, and high cardiac output can cause cardiac fail-
ure, hydrops fetalis, and prematurity [2]. Large intrauterine tumor growth can pre-
clude vaginal delivery solely due to tumor size. The fetal mortality rate in the 
perinatal period ranges from 13 to 16% and can be attributed to cardiac failure or 
tumor hemorrhage [5]. Due to these issues, when diagnosed in the prenatal period, 
the morbidity and mortality remain high compared to when these tumors are diag-
nosed in the postnatal period [2].

Once diagnosed in stable pregnancies, close, frequent prenatal visits with serial 
ultrasounds are warranted. Large tumors or high-risk pregnancies may warrant early 
cesarean section or intra-uterine or postnatal surgery for tumor removal. Resection 
should include the coccyx and sacrum depending on tumor extent. Reconstruction 
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of the posterior peritoneum is critical to prevent delayed hernias. After surgical 
resection, long-term outcomes are favorable, with a study citing approximately 94% 
(117/124 neonates) available for 5-year follow-up after tumor resection [6]. Though 
issues with urinary incontinence, infection, and constipation have been shown to be 
higher in these patients during childhood, compared with control groups in long- 
term follow-up [7]. Due the potential for tumor recurrence and malignancy, long- 
term follow-up is indicated though not specifically defined.

20.2.2  Chordoma

Chordomas are the most common primary tumor of the sacral spine [8]. These 
tumors rarely present in patients under 40 years of age and are twice as frequent in 
men than women. They arise from notochord remnant cells, occurring most com-
monly at the clivus or sacral spine, the embryologic endpoints of the notochord. 
Chordomas grow slowly but are locally aggressive. Patients present with local 
mechanical, dull pain, or neurological sequelae, including bowel and bladder dys-
function. Patients with large sacral chordomas can compress abdominal viscera 
which can cause constipation, urinary retention, and visceral pain [9].

Advanced imaging techniques of the sacrum may be completed for tumor iden-
tification and characterization. Magnetic resonance imaging is the preferred imag-
ing modality, allowing the clinician to assess size, specific tumor components, and 
the extent of soft tissue invasion. Chordomas are usually isointense and hyperin-
tense on T1-weighted imaging and T2-weighted imaging respectively. They hetero-
geneously enhance with gadolinium. (Fig. 20.1) Computed tomography (CT) can 

a b

Fig. 20.1 (a) MRI pelvis fat suppression sagittal sequence demonstrating a T2 hyperintense distal 
sacral chordoma. (b) MRI T2 image showing a mid-sacral amputation for en bloc resection of the 
chordoma
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demonstrate bone destruction with remodeling, thinning of the sacral cortex, and 
neuroforaminal widening. Some chordomas may also have calcifications.

Surgical biopsy is almost always indicated to obtain tissue diagnosis and to guide 
further treatment. If the lesion was presumed to be primarily from the rectum, 
endoscopy and biopsy of suspicious lesions should be done. Transrectal biopsy 
should be avoided to not introduce tumor cells into uninvolved tissues. For the 
remaining lesions, CT guided biopsies now can be done, and the biopsy tract is kept 
within the boundaries of the following resection.

There are several histologic types of chordoma. Conventional chordomas contain 
an abundant myxoid matrix and the cell cytoplasm has a “bubble-like” physalifer-
ous pattern. Other types of chordomas include chondroid and de-differentiated 
types. At a molecular level, chordomas over-express transcription factor T, which 
produces the brachyury protein. Grossly, chordomas are centrally located, mostly 
composed of soft tissue, and usually avascular.

The treatment of choice is en bloc surgical resection with wide margins to reduce 
the risk for local recurrence [3, 9] (Fig. 20.2). Patients can achieve a mean disease- 
free period of up to 84 months depending on the extent of resection. Intralesional 
resection with subsequent stereotactic radiosurgery is less optimal, resulting in a 
less than 50% disease control rate at 5 years after surgery [9]. Adjuvant treatments 
include radiation and proton beam therapy for subtotal resected chordomas, which 
have been shown to delay tumor progression. There is no class I evidence to support 
a role for chemotherapy [9].

Fig. 20.2 Intra-operative 
photograph demonstrating 
en bloc resection of a 
sacral chordoma via a low 
sacral amputation. Rectum 
and peri-rectal fat is visible 
at the anterior margin of 
the resection cavity
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20.3  Neurogenic Sacral Tumors

Primary neurogenic tumors of the sacrum arise from cellular elements of the periph-
eral nervous system, including neurons (ganglioneuroma), Schwann cells (schwan-
nomas and neurofibromas) and ependymal cells (myxopapillary ependymoma). 
While these tumors are typically benign and display indolent growth patterns, they 
will occasionally undergo malignant dedifferentiation. Complete surgical resection 
is the treatment of choice in many cases.

20.3.1  Myxopapillary Ependymoma

Ependymal cells give rise to this slowly growing tumor [10]. Myxopapillary epen-
dymomas are the most prevalent type of ependymoma in the caudal spine. These 
tumors are more common in adults [11, 12]. Myxopapillary ependymomas can arise 
from the conus medullaris, cauda equina, and filum terminale. They may also form 
in the presacral space or dorsal sacral subcutaneous tissues, due to the presence of 
embryonically derived cell rests [13]. Due to its slow growth, an average of 2–3 years 
may elapse before a tumor becomes large enough for a patient to present with neu-
rologic deficits [3]. These patients may present with lower back pain, radiculopathy 
in the sciatic distribution, or early signs of cauda equina syndrome, which prompt 
imaging. Computed tomography of the lumbosacral spine may reveal expansion of 
the spinal canal. Gadolinium enhanced MRI is the imaging of choice when a myxo-
papillary ependymoma is suspected. MRI usually demonstrates an isointense and 
hyperintense intradural mass on T1 and T2-weighted sequences respectively at the 
level of or below the conus, which commonly homogeneously enhances with 
gadolinium.

Primary treatment for myxopapillary ependymoma is surgical resection via a 
posterior approach. Gross total resection is recommended to decrease the risk of 
local recurrence [3, 13]. This can be ideally achieved by isolating the filum termi-
nale and disconnecting it above and below the tumor. It should be noted to discon-
nect the filum above the tumor first, as disconnecting the filum below can cause the 
remaining filum and tumor, to retract cephalad and outside of the surgical field. 
Violation of the tumor capsule can lead to cerebrospinal fluid dissemination and 
distant disease recurrence in the spinal. Adjuvant radiotherapy is an option in 
patients with either incomplete tumor resection, recurrence, or unresectable tumors 
[3, 13]. Prognosis is excellent after complete surgical resection of myxopapillary 
ependymomas, as they are recognized as a World Health Organization (WHO) 
Grade I tumor with an over 10-year survival with complete or partial resection [14].

20.3.2  Ganglioneuroma

Ganglioneuromas are rare, slow-growing tumors that originate from sympathetic 
ganglion cells, in the peripheral nervous system [3]. These tumors can also occur in 
the mediastinum and thoracic cavity, as well as the retroperitoneum, sympathetic 
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ganglia, and adrenal glands [15]. Only 10% of all ganglioneuromas occur in the 
spine [16]. Patients are usually under the age of 30 years, with an equal incidence in 
males and females [17].

Ganglioneuromas contain well-differentiated ganglion cells within a stroma 
composed of Schwann cells and neural processes [18]. These tumors may occur in 
association with neurofibromatosis type 1 (NF1) [15, 17, 18]. NF1 associated gan-
glioneuromas may demonstrate intradural invasion.

Grossly, ganglioneuromas may have a dumbbell shape, due to paraspinal expan-
sion and intraspinal extension through the neural foramina. Computed tomography 
may reveal a well-circumscribed isodense-to-hypodense paraspinal mass with or 
without calcification. MRI will likely reveal a homogeneously hypointense mass on 
T1-weighted sequences, which is heterogeneously hyperintense on T2-weighted 
sequences with variable enhancement patterns.

The treatment of choice is complete surgical resection, and due to its benign, 
nonaggressive behavior, this will ensure good long-term prognosis, though large 
prospective, long-term data has not been specifically reported.

20.3.3  Schwannoma and Neurofibroma

Schwannoma and neurofibroma are both categorized as nerve sheath tumors, which 
comprise 25% of intradural spinal tumors [19]. The peak incidence is between the 
fourth and sixth decades of life and occurs equally in males and females. 
Immunohistochemically, they appear to derive from Schwann cells. However, the 
various morphologies of neurofibromas suggests inclusion of other cells, such as 
fibroblasts and perineural cells [19].

Schwannomas are benign tumors that rarely expand into the presacral space 
through the anterior sacral neural foramina [3]. Of all schwannomas, up to 5% occur 
in the sacral and presacral areas, and overall, schwannomas comprise 25% of all 
spinal tumors [20, 21]. They grow slowly, but can reach a considerable size before 
patients become symptomatic from displacement of nerves or visceral organs [20]. 
Lumbosacral pain is the most common presenting symptom, along with decreased 
deep tendon reflexes and lower extremity hypoesthesia [22]. Schwannomas are usu-
ally well-encapsulated, firm tumors, which can be separated from adjacent tissues.

Neurofibromas contain fibrous tissue, as well as nerve fibers. They can be difficult 
to distinguish from the involved nerve, as the tumor can cause fusiform, or plexiform, 
enlargement of the nerve [19]. Both schwannomas and neurofibromas commonly arise 
from dorsal nerve roots, but neurofibromas can also occur in the ventral nerve roots.

For nerve sheath tumors, computed tomography may reveal a hypodense mass, 
with or without regional bony remodeling, and intense enhancement with contrast. 
For schwannomas, MRI will reveal an isointense, heterogeneously hyperintense, 
and intense enhancement pattern on T1-weighted, T2-weighted, and gadolinium 
sequences respectively. (Fig. 20.3) Neurofibromas have a heterogeneous enhance-
ment pattern to gadolinium.
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The treatment of choice for benign nerve sheath tumors is complete surgical 
resection, which greatly reduces the rate of recurrence. A posterior approach with 
complete or partial laminectomy with or without complete or partial facetectomy is 
usually enough for complete safe resection depending on tumor size and location. 
In the case of neurofibromas, gross total resection may not be possible because of 
the risk of nerve root injury. Intralesional excision can result in more than 50% 
recurrence rate; therefore, wide en bloc resection is encouraged [22, 23]. 
Approximately 2.5% of nerve sheath tumors are malignant, and half of these tumors 
occur in association with neurofibromatosis [24]. With a malignant diagnosis, the 
overall survival usually does not exceed 1 year.

20.4  Osseous Sacral Tumors

Osseous sacral tumors are primary tumors arising from bony—or cartilaginous—
elements of the sacrum. These tumors may be benign or malignant, and diagnosis 
(via clinical, radiographic and/or histological features) prior to definitive interven-
tion is ideal in order to guide treatment decisions, as treatment may involve medica-
tion alone, chemoradiotherapy, or surgical resection with or without pre-operative 
embolization or neo-adjuvant chemotherapy.

a b

Fig. 20.3 Imaging of a 44-year-old man with enlarging pre-sacral mass. (a) Sagittal T2 MRI 
demonstrating a T2 isointense and hyperintense, heterogenous pre-sacral mass that is partially 
cystic. (b) T1 with contrast administration demonstrates an avidly enhancing mass. CT-guided 
biopsy results suggested a giant schwannoma versus malignant peripheral nerve sheath tumor
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20.4.1  Osteoid Osteoma and Osteoblastoma

Osteoid osteomas and osteoblastomas are solitary osteoblastic tumors occurring in 
both the long bones and the spine. These two entities share clinical and histological 
features, and may be considered variants of the same process, with the primary dis-
tinction being that osteoblastomas are larger (>1.5  cm) than osteoid osteomas 
(<2 cm) and feature greater osteoid production and vascularity. Both lesions are 
most commonly seen in males in the second and third decades of life [25, 26]. 
Throughout the mobile spine, these lesions occur most commonly in the posterior 
elements, but in the sacrum, they are seen most frequently within the body [3].

Osteoid osteomas are four times more common than osteoblastomas [26, 27]. 
They are most commonly found in the axial skeleton, particularly in the diaphysis 
or metaphysis of long bones [26, 27]. Only 10% of osteoid osteomas occur in the 
spine (most commonly the cervical spine), and only 2% of spinal osteoid osteomas 
are found in the sacrum [25]. Osteoblastomas, on the other hand, are frequently seen 
(>35% of cases) within the mobile spine and sacrum, but may also be found in long 
bones, craniofacial bones, and the hands and feet [26].

Both osteoid osteoma and osteoblastoma present most frequently with local pain 
[26]. Osteoid osteomas classically present with pain that is worse at night and 
relieved by non-steroidal anti-inflammatory drugs (NSAIDs), whereas osteoblasto-
mas often present with a dull, achy, progressive pain that does not worsen at night 
and persists despite NSAID treatment. With osteoblastoma, local swelling and ten-
derness may also be seen, as well as neurological symptoms and local deformity 
when lesions are present within the spine [26].

In both osteoid osteoma and osteoblastoma, plain X-rays may be performed ini-
tially, but CT is the study of choice. CT typically reveals a radiolucent nidus sur-
rounded by sclerosis. Osteoblastomas will be larger (>1.5 cm) than osteoid osteomas, 
irregularly shaped, with a thin shell of surrounding reactive bone and more cortical 
expansion, with or without ossification/calcifications. Bone scintigraphy is highly 
sensitive for the detection of both osteoid osteoma and osteoblastoma, as both dem-
onstrate strong uptake at the nidus, but this increased uptake is not specific to either 
lesion, and as a result does not often aid in differential diagnosis. The use of MRI in 
the workup of these entities is controversial, as well, as findings are often non- 
specific and may lead to misinterpretation, misdiagnosis or overestimation of tumor 
size [26].

Histologically, both osteoid osteomas and osteoblastomas consist of a central 
nidus containing osteoblast-lined trabeculae and a fibrovascular stroma surrounded 
by a rim of sclerotic bone. In osteoblastoma, the nidus exhibits a less-organized 
osteoid pattern and greater vascularity along with the presence of reactive giant cells 
and larger osteoblasts [26].

The first-line treatment for pain associated with osteoid osteomas is NSAIDs. If 
the pain becomes refractory, however, en bloc resection, intralesional curettage, or 
percutaneous radiofrequency ablation may be used [27]. Osteoid osteoma is not 
locally aggressive and has no potential for malignant transformation [26]. In fact, 
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with time, many osteoid osteomas will spontaneously regress [28]. The recurrence 
rate of osteoid osteomas is 4.5% after wide local excision [3, 29].

Osteoblastoma, on the other hand, while histologically benign, may behave in a 
locally aggressive manner, and thus surgical treatment is recommended. Intralesional 
curettage can be performed for less aggressive osteoblastomas, but due to the high 
recurrence rate, en bloc resection is the preferred treatment choice [27, 30].

20.4.2  Aneurysmal Bone Cysts

Aneurysmal bone cysts are benign osteolytic bone neoplasms that are characterized 
by blood filled cavities of varied sizes with septations in between. These lesions 
develop most commonly (65–99%) in children and adolescents because of trauma 
and local hemodynamic disturbance, although they may also arise due to venous 
obstruction or an arteriovenous fistula in association with an underlying tumor (e.g., 
giant cell tumor, osteoblastoma or osteosarcoma) [31].

While aneurysmal bone cysts are typically found in the metaphysis of long 
bones (e.g., femur or tibia), 12–30% of cases are seen in the spine, and of these, 
only 20% involve the sacrum [31]. Spinal aneurysmal bone cysts nearly always 
originate in the posterior elements or sacral alae, but frequently extend to involve 
the vertebral body.

As with other benign osseous spinal lesions, patients often present with localized 
pain with or without an associated palpable mass, although with sacral involvement, 
radicular symptoms or bowel and bladder dysfunction may be seen [32].

Findings on plain films and CT will include a well-defined, expansile osteolytic 
lesion with thin sclerotic margins. On MRI, fluid-fluid levels can often be seen 
within the cystic cavities corresponding with blood of variable age, although this is 
not pathognomonic and may be seen within other tumors (e.g., giant cell tumors and 
telangiectatic osteosarcoma). Heterogenous gadolinium enhancement may also be 
seen within the intercystic septations.

Complete surgical resection is the treatment of choice for aneurysmal bone cysts, 
although with sacral involvement this is made difficult by the surrounding neurovas-
cular anatomy, and in certain cases, embolization, curettage and bone grafting may 
result in less morbidity. Recurrence rates reported in the literature vary widely after 
surgical treatment, from 12 to 59% [32].

20.4.3  Giant Cell Tumor

Giant cell tumors are benign but locally aggressive (and occasionally metastatic) 
osteolytic primary tumors of bone, characterized by a proliferation of mononuclear 
cells with scattered macrophages and large osteoclast-like giant cells [33]. Giant 
cell tumors are found most frequently near the articulations of long bones, but may 
also occur in the spine and sacrum, comprising 4–8% of all primary osseous spine 
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tumors Females are more commonly affected than males, and these tumors occur 
most commonly in the second to fourth decades of life [33, 34].

The most frequent presenting symptom is low back pain occurring at night. 
Pathologic fractures with neurologic compression are less common. Pulmonary 
metastases may occur, and when present, confer a 25% mortality rate [32].

Giant cell tumors of the spine and sacrum most commonly involve the vertebral 
body but may extend into the posterior elements or epidural space. MRI will dem-
onstrate an isointense to hypointense lesion with heterogenous contrast enhance-
ment [34]. On computed tomography a moth-eaten, irregular and erosive lesion will 
be seen, and in some cases, the tumor can expand the contours of the bone. Once the 
lesion is identified, a CT-guided core biopsy will aid diagnosis.

Histologically, giant cell tumors contain a regular distribution of stromal and 
multinucleated giant cells, which resemble osteoclasts [33]. Samples may also dem-
onstrate necrosis, hemorrhage, and hemosiderin deposits. Receptor activator of 
nuclear factor κ-B ligand (RANKL) can be detected in the tumor [35].

The treatment of choice is en bloc surgical resection with preoperative selective 
arterial embolization, although given the propensity for these tumors to grow and 
involve critical neurovascular anatomy prior to diagnosis, embolization combined 
with radiotherapy and subtotal resection have been advocated by some as a less- 
morbid alternative. Denosumab is a monoclonal antibody and RANKL inhibitor 
that is sometime used as neoadjuvant therapy to shrink the tumor prior to definitive 
treatment. It can also be used for unresectable or recurrent tumor. Radiation therapy 
is available as salvage treatment in patients that have contraindications to deno-
sumab therapy.

20.4.4  Cartilaginous Tumors: Chondroma and Chondrosarcoma

Chondromas comprise only 5% of all primary bone tumors and are rarely found in 
the spine, occurring more commonly in the bones of the hands and feet [3, 36]. 
Chondromas can be further classified based on their origin: Periosteal chondromas 
originate from the cortex, while enchondromas originate from the medullary cavity. 
Men are the most frequently affected; between the third and fifth decades of life 
[36]. Chondromas are typically solitary, but chondromatosis syndromes such as 
Ollier disease or Maffucci syndrome may present with multiple chondromas in 
childhood. While most chondromas are discovered incidentally, patients may pres-
ent with a palpable mass and focal tenderness. Neurological symptoms may also 
develop insidiously in patients with spinal chondromas as these slow-growing 
tumors become exophytic and impinge on nearby neurological structures.

Radiographic findings will include a low-attenuation, erosive lesion with sharply 
defined, scalloped margins with or without stippled calcifications, neural foraminal 
widening or local deformity on CT [36]. On MRI, chondromas are typically 
T1-hypointense and T2-hyperintense. Although chondromas may exhibit variable 
gadolinium enhancement, this is seen more commonly in chondrosarcoma [36].
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Although chondromas are benign entities, they can undergo sarcomatous dedif-
ferentiation. The treatment of choice is surgical resection to establish diagnosis and 
prevent malignant transformation. The recurrence rate after complete surgical resec-
tion is approximately 10% [37].

Chondrosarcomas are cartilaginous tumors of variable malignancy that are often 
found within the long bones and pelvis of adults. They may arise de novo or via 
secondary dedifferentiation of a chondroma or other benign cartilaginous neoplasm. 
Chondrosarcomas constitute 7–12% of all primary spine tumors and 25% of all 
primary malignant spine tumors [25, 33, 36]. Of these, the large majority are seen 
in the mobile spine (with a predilection for the thoracic spine). Sacral chondrosar-
comas are rare. Males are affected twice as frequently as females, with a typical age 
of presentation between 30 and 70 years. Growth is often indolent, and the most 
common presenting symptoms is local pain, although in patients with spinal chon-
drosarcomas, neurological deficits are also present in 50% of cases at the time of 
presentation [36].

On immunohistochemical examination, chondrosarcomas are composed of a 
cartilaginous matrix with hypercellular stroma. There are various subtypes, includ-
ing central, peripheral, mesenchymal, clear-cell, and de-differentiated. The WHO 
grade for chondrosarcomas may vary widely (I–IV), and overall prognosis is heav-
ily dependent on grade with 10-year survival for a Grade I chondrosarcoma being 
90%, compared with 30–40% for a high grade (III–IV) chondrosarcoma. The large 
majority of chondrosarcomas (80–90%) are WHO Grade I and may be difficult to 
distinguish histologically from benign chondromas, but on close histological exam-
ination, invasion of surrounding tissues, bony cortical penetration and a prominent 
myxoid stroma with or without increased cellularity and mitoses will be seen in 
low-grade chondrosarcomas. With higher-grade lesions, increased cellularity, 
mitotic activity and metastasis (70%) are often present [36].

Imaging findings will vary with the subtype and WHO grade of chondrosarcoma. 
Plain films and CT will reveal a lytic bony lesion with heterogenous contrast 
enhancement, intralesional calcifications (“ring and arc” or “popcorn” calcifica-
tions) and endosteal scalloping. In higher grade lesions, a moth-eaten appearance 
along with cortical remodeling and periosteal reaction may also be seen. On MRI, 
chondrosarcomas exhibit heterogenous gadolinium enhancement, and are T1 
hypointense or isointense and T2-hyperintense. They also will often demonstrate 
scattered T2-hypointensities and gradient echo or susceptibility-weighted “bloom-
ing” artifact related to intralesional calcifications. Bone scintigraphy may also be 
used when differentiating a low-grade chondrosarcoma from a benign chondroma/
enchondroma, as increased uptake is seen more frequently with the former [36].

The treatment of choice is wide en bloc resection, which decreases the chances 
of local recurrence, and ensures longer disease-free survival. Even minor contami-
nation of the surgical margins with tumor has been shown to confer a less favorable 
prognosis [36]. Local recurrence occurs in up to 20% of cases despite gross total 
resection [33, 38]. Chondrosarcomas are relatively resistant to both radiotherapy 
and chemotherapy [39, 40], but high-dose radiotherapy may slow tumor progression 
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and has been used in cases of recurrence or for palliation [36]. With aggressive 
resection, the mean survival for patients with chondrosarcoma is 6 years [41].

20.4.5  Osteosarcoma

Osteosarcoma is the most common primary malignant bone tumor and is found 
most frequently in the metaphyseal region of long bones and in the pelvis, rarely 
being seen in the spine (3–5% of cases) [42–45]. Osteosarcoma accounts for only 
4% of primary sacral tumors, and many of these occur secondary to degeneration of 
Paget disease [31]. As opposed to extremity osteosarcomas (which are more com-
mon in children and adolescents), osteosarcoma of the mobile spine and sacrum 
tends to be seen in the fourth decade of life, with an equal incidence in males and 
females [43, 46].

Axial back pain is the most common presenting symptom, followed by neuro-
logic deficits [43]. Bowel and bladder dysfunction are seen in the later stages of the 
disease course [46]. By the time of diagnosis, approximately 28% of patients have 
metastatic disease [43].

CT and plain films may reveal a purely lytic, mixed, or largely osteoblastic lesion 
with an associated soft-tissue mass, a moth-eaten appearance of bone, an aggressive 
periosteal reaction and ossification/calcification within the tumor matrix. MRI is 
useful for local staging and surgical planning and will reveal T1-isointense and 
T2-hyperintense soft tissue components and peritumoral edema with T1 and 
T2-hypointense scattered calcifications and soft-tissue enhancement.

The histologic hallmark of osteosarcoma is the presence of trabecular bone or oste-
oid matrix within a high-grade spindle cell tumor, as the neoplastic cells are of osteo-
blastic differentiation and able to produce bone without the need for associated cartilage. 
Cellular pleomorphism, mitoses, vascular invasion and necrosis are also common.

The treatment of choice for osteosarcoma is neoadjuvant chemotherapy followed 
by wide local surgical excision [46, 47]. Preoperative chemotherapy can prolong 
survival, although despite aggressive therapy, prognosis is poor, particularly for 
osteosarcoma of the mobile spine and sacrum [48]. The mean survival for patients 
with sacral osteosarcoma is 10 months, even after adequate resection [42].

20.4.6  Ewing’s Sarcoma

Ewing’s sarcoma is a neoplasm that originates from precursor neural cells and is the 
most common nonlymphoproliferative primary malignant tumor of the spine in 
children. While seen most frequently arising from the femur, Ewing’s sarcoma 
involves the spine primarily in 3–10% of cases. More often, however, spinal involve-
ment occurs secondarily due to osseous metastases. This tumor occurs during the 
teenage years, affecting males twice as commonly as females. The sacrum is the 
most common spinal location affected [46].
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Patients usually present with localized back pain, along with neurologic deficits, 
although bowel and bladder dysfunction are rare. Some patients may also present 
with fever and elevated sedimentation rate or C-reactive protein, which can con-
found the diagnostic process.

CT and plain films findings vary, and lytic, sclerotic, or mixed lesions with or 
without involvement of paraspinal soft tissues and the epidural space may be seen. 
Soft tissue calcification is uncommon. MRI findings are generally non-specific but 
will include isointense to hypointense T1 signal and heterogenous T2-hyperintensity 
with prominent, heterogenous enhancement.

These tumors appear gray-white grossly with areas of hemorrhage and necrosis. 
Immunohistochemical examination demonstrates small round blue cells with uni-
form nuclei. At a molecular level, this tumor can be characterized by reciprocal 
translocations between the EWS gene, located on chromosome 22, and the ETS 
transcription factor.

The treatment of choice for Ewing sarcoma is systemic chemotherapy. This has 
increased 5-year survival rates from 10% in the 1980s to 70% presently [49, 50]. 
Surgical resection improves local control, but may not improve overall survival, and 
is reserved for cases where residual tumor remains after primary therapy [46]. 
Ewing’s sarcoma is also relatively radiosensitive compared with other sarcomas, 
and radiotherapy may play a role depending on the location and size of the tumor. 
Despite advances in therapy, however, 5-year survival is just 33% [42].

20.5  Metastatic Sacral Tumors

Metastases, frequently from hematogenous spread, are the most common tumors 
to affect the sacral spine [3, 51]. They can derive from breast, lung, prostate, 
kidneys and the gastrointestinal tract. These tumors can be more rapidly progres-
sive and locally invasive, causing focal back pain or neurologic deficits [52]. 
Tumors in the pelvic viscera can also locally spread to invade the presacral space 
[3]. Computed tomography and MRI can reveal large, highly infiltrative masses 
that have imaging characteristics that resemble the primary tumor. Unfortunately, 
at the time of the radiographic findings and detection of sacral metastasis, 
involvement of other organs and other areas of the spine is as high as 60% [53]. 
Due to these notes, biopsy to obtain tissue diagnosis is not necessary for these 
patients.

Radiation therapy has been a preferred treatment for sacral metastases, but due 
to advancements in primary tumor treatments with resultant longer survival, the 
number of patients with refractory disease has increased. Though the role of radia-
tion therapy for these patients is largely palliative. There are also risks associated 
with radiation therapy, such as radiation-induced proctitis and enteritis [54–57]. 
This evolution in the patient population has prompted further exploration of pallia-
tive surgery as a treatment option, to decompress neural structures or to reconstruct 
and stabilize the spine [46].
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21Rare Spinal Cord Tumors

Nir Shimony, Brooks Osburn, Sara Hartnett, Mari Groves, 
and George I. Jallo

21.1  Introduction and Epidemiology

Historically, spinal cord tumors represent approximately 15% of all primary central 
nervous system (CNS) tumors [1], whereas the newest classification of these intra-
medullary spinal cord tumors (IMSCTs) encompasses only 2–4% of all CNS 
tumors. The more prevalent intramedullary lesions include astrocytoma and epen-
dymoma, which are thoroughly described elsewhere in this book. Astrocytoma fol-
lowed by ependymoma are the most common IMSCTs found in children, while in 
adults ependymomas are more frequent. The less common IMSCTs are hemangio-
blastoma and spinal cord metastases, which are much more common in the adult 
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population. Exceedingly rare lesions, such as lymphoma, primitive neuroectoder-
mal tumor (PNET), lipoma, and neuroenteric cysts, paraganglioma, ganglioneu-
roma, and oligodendroglioma—among others—have been documented in both the 
adult and pediatric literature and will be elaborated on in this chapter (Fig. 21.1). 
Spinal cord hemangioblastoma, spinal cord metastases, and spinal cord cavernous 
angioma are thoroughly described elsewhere in this book.

21.2  Clinical Presentation

The presenting symptoms for IMSCTs vary based on the type of lesion and the age 
of the patient; however, these symptoms are usually progressive over the course of 
weeks or months. The majority of adult patients with IMSCTs have initial com-
plaints of back or neck pain. Other signs and symptoms include unilateral or bilat-
eral weakness, numbness, paresthesia, bowel/bladder dysfunction, radiculopathy, 
and gait dysfunction [2]. When present in children, these lesions may present 
themselves as weakness, progressive scoliosis, clumsiness, or other non-descript 
symptoms [3]. Upper motor signs of Babinski, clonus, or Hoffman’s can be seen 

a b c d
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Fig. 21.1 Rare spinal cord tumors. Different sagittal views of some of the different spinal cord 
tumors discussed in this chapter: (a) spinal cord teratoma; (b) Spinal cord subependymomas; (c) 
spinal cord gangliogliomas; (d) severe scoliosis caused by holocord gangliogliomas; (e) spinal 
cord oligodendrogliomas; (f) spinal cord lipoma; (g) neuro-enteric cyst; and (h) neurocytomas
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on physical exam. Demyelinating disorders must be distinguished from IMSCTs 
based on clinical exam and symptom presentation. This can be difficult as demye-
linating diseases convey a symptom course that is usually relapsing and remitting 
with intermittent improvement. These types of symptoms can be seen in spinal 
cord tumors with associated cystic components. Evidence of hydrocephalus may 
also be present in the setting of IMSCT, occurring in approximately 1% of patients. 
The etiology likely stems from impaired absorption of cerebrospinal fluid (CSF) 
by the byproduct of increased protein in the CSF or focal obstruction caused by the 
tumor [4].

21.3  Evaluation/Diagnostics

Evaluation should first begin with a thorough physical exam with emphasis on iden-
tifying upper motor neuron signs, as well as clinical features that pinpoint to a 
neurologic level of involvement. Once the physical exam has been completed, the 
diagnostic gold standard is magnetic resonance imaging (MRI). Gadolinium is typi-
cally utilized to assess for uptake of contrast material. Prediction of histologic diag-
nosis can frequently be achieved by assessing the MRI characteristics of the lesion 
as each has a specific imaging pattern (Fig.  21.1). T2-weighted imaging is the 
sequence of choice to observe spinal cord enlargement as lesions are classically 
hyperintense [5]. Primary intramedullary spinal cord lymphoma follows this pat-
tern, appearing to be hyperintense on T2-weighted imaging. Typically, these lesions 
are poorly defined and multi-focal without evidence of syrinx [6]. There is homog-
enous contrast enhancement with isointense signal on T1, and without contrast with 
gadolinium administration [7]. In documented cases of PNETs, the tumor is typi-
cally located in the lumbar spine with iso-hypointensity on T1, and heterogeneous 
hyperintensity on T2. There is heterogeneous contrast uptake into the lesion [8]. 
These tumors will typically extend into the neural foramen and can involve the ver-
tebral body. Intramedullary lipomas are hyperintense on T1 and T2-weighted imag-
ing and saturate on fat-saturated images [9]. Cord lipomas occur as a single entity; 
however, they are rarely multi-lobulated in a non-contiguous pattern [10]. 
Neuroenteric cysts, on the other hand, are usually hyperintense on T2 and hypoin-
tense on T1 without contrast enhancement [11]. However, there have been multiple 
case reports of these lesions presenting with different signal characteristics [11, 12]. 
Cysts are usually located along the ventral portion of the spinal cord in an intradural- 
extramedullary location, but can infiltrate intramedullary in rare cases [13]. 
Subependymomas have a variable appearance on MRI. The lesions are classically 
solid heterogeneous masses; however, there can be a cystic component. T1-weight 
imaging with contrast can elicit enhancement along the wall of the cyst [14]. 
Subependymomas are similar to ependymomas in that they are hypo-to-isointense 
on T1 and hyperintense on T2 imaging [2].

Ganglioglioma lesions are found in the cervical and thoracic region stretching 
multiple vertebral segments with a mixed signal on T1 and heterogeneous enhance-
ment. T2 hyperintensity with cord enlargement eccentric to one side without sur-
rounding edema is characteristic of these lesions [15].
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When MRI cannot be obtained, computed tomography (CT) myelogram can be 
used to assess the neuroaxis in adults. CT should not be utilized in the evaluation of 
pediatric tumors due to radiation exposure unless MRI cannot be obtained.

21.4  Surgical Considerations and Technique

Surgical intervention is the mainstay of treatment, especially in those patients who 
have symptomatic lesions. Symptoms can evolve from the tumor itself invading 
neuronal structures (e.g., corticospinal tracts), from mass effect compromising cord 
vascularization and causing cord ischemia, syrinx, spinal bony deformity (e.g., sco-
liosis), and tethered cord-related symptoms. In patients who are asymptomatic, 
close monitoring with serial imaging can be performed, although careful judgement 
needs to be taken with large tumors or signs of syrinx or cord edema and ischemia. 
The degree of surgical resection needed is based on histologic diagnosis and the 
surgical plane presented by the tissue and tumor. For lesions that are non-infiltrating 
aggressive, gross total resection can be routinely achieved and is recommended. In 
infiltrating lesions, such as primary spinal cord lymphoma, aggressive resection of 
the lesion may be more detrimental to the patient than achieving partial resection 
[16]. Preservation of neurologic function in individuals with infiltrating pathology 
is of utmost concern for future quality of life.

Due to the positive strides taken in the advances of intraoperative neuromonitor-
ing, surgeons have been able to be more aggressive with surgical resection. 
Monitoring IMSCTs is now the gold standard of treatment. Somatosensory evoked 
potentials (SSEPs) and motor evoked potentials (MEPs) along with electromyogra-
phy (EMG) monitoring are typically used. An epidural lead is placed for cervical 
and thoracic lesions to monitor D-wave activity—i.e., the integrity of corticospinal 
tracts. If there is a 50% reduction in amplitude of the D-wave distal to the lesion, 
this correlates with increased risk of post-operative weakness [17]. When a reduc-
tion in MEPs is noted, the surgeon should allow this area of the spinal cord to relax 
and proceed with resection at a different site of the tumor/spinal cord interface. 
Consideration must be taken to raise mean arterial pressure goals to greater than 
70–85 mmHg (depending on patient age) in the setting of diminish MEPs, and as a 
general rule for spinal cord lesion surgery. If the signals do not improve, the surgeon 
must decide whether to proceed further.

Once intraoperative monitoring leads have been applied, the patient in placed in 
the prone position on gel rolls with a 3-point fixation Mayfield clamp in place for 
operating on cervical and upper thoracic tumors. The neck is flexed into a military 
position to bring the cervical cord into a straight line with anesthesia monitoring for 
signs of airway compromise. A 2-finger width should be present between the chin 
and the sternum as a surgical pearl to prevent kinking of the endotracheal tube and 
airway compromise. Care should be taken to ensure the arms and pressure points are 
padded and the axilla is supported appropriately, thus preventing brachial plexus 
injury. When needed, the operative level can be marked with the assistance of fluo-
roscopy prior to prepping and draping the operative site.
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The subcutaneous tissue is injected with local anesthetic epinephrine for local 
pain control and to assist with hemostasis. A midline incision is performed and dis-
section carried out subperiosteally with the use of monopolar electrocautery. 
Subperiosteal dissection is undertaken meticulously in order to not disrupt the facet 
capsules along the lamina and to ensure hemostasis. Laminectomy or laminotomy 
is performed with the utilization of a bone scalpel or drill 1 level above and 1 level 
below the lesion. Ultrasound may be utilized for assistance with IMSCT localiza-
tion once the dura is exposed. Durotomy is performed in a vertical fashion using an 
11 or 15 blade scalpel. 4-0 Nurolon sutures (Ethicon, Somerville, NJ) are placed 
along the incised portion of the dura for retraction. Since the cord is attached to the 
dura (dentate ligament), care should be taken to any change in monitoring to relieve 
dural traction as needed. When planning the myelotomy, one should take into 
account where the tumor presents itself closest to the pial surface of the spinal cord. 
A midline myelotomy is routinely performed in the posterior median sulcus, but can 
be done along the dorsolateral sulcus and lateral sulcus as well. Blunt dissection 
with Rhoton dissectors and a plated bayonet are utilized to find the tumor plane. In 
larger lesions, it is advisable to consider internal decompression of the lesion using 
suction or an ultrasound aspirator. This can help to release the tension and eventu-
ally can be used to help develop a plane. Pathology should be sent for frozen analy-
sis as this can affect the aggressiveness of resection in certain cases. Once resection 
has been completed, hemostasis is achieved with thrombin-based products and 
bipolar electrocautery. The use of bipolar electrocautery should be done very care-
fully since thermal injury can be devastating. The dura is primarily repaired with 
either Nurolon or Prolene sutures (Ethicon, Somerville, NJ). The bone is attached 
using mini-plates as laminoplasty with care to leave extra space between bone and 
dura to accommodate any possible post-operative cord swelling. Closure of the 
muscle, fascia, and subcutaneous tissue is completed in a step-wise fashion with 
water-tight closure. Some physicians elect for 24 h bed rest to help take pressure off 
of the dural closure for patients who underwent resection of thoracic and lumbar 
lesions. Postoperative imaging—MRI with and without contrast—is performed 
within the first 24–36 h.

21.5  Etiologies

21.5.1  Ganglioglioma

Introduction. Gangliogliomas are rare tumors from both neuronal and glial origins 
that are typically benign but may demonstrate malignant transformation of the glial 
component of the tumor [18, 19]. They account for only 0.5% of all primary CNS 
neoplasms. Gangliogliomas are rare, slow-growing primary CNS tumors that most 
frequently occur in the temporal lobes, typically resulting in seizures [20]. 
Ganglioglioma of the spinal cord is exceedingly rare with fewer than 70 cases 
reported, mostly in children or young adults [21]. Only about 3% are located in the 
spinal cord, with a rate of incidence of about 1.1% of all spinal cord neoplasms [22]. 
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Anaplastic gangliogliomas (AGGs) account for up to 5% of gangliogliomas [23, 
24], and tend to appear in adults around the age of 35 [25]. They are very rare and 
their clinical course is poorly understood; hence, their treatment paradigm is not 
well established [23]. AGGs can arise as a malignant transformation from low-grade 
tumor (which is more common in pediatric population), or as a primary AGG tumor, 
the latter being extremely rare [26]. The World Health Organization (WHO) classi-
fies AGG as Grade III, and their histology exhibits anaplastic features, such as 
mitotic activity, cytological atypia, and necrosis. Although they can evolve in any 
location in the CNS, a spinal cord location is very uncommon. When a gangliogli-
oma arises in the spinal cord, the tumor will be typically located in the cervical 
region and are typically larger in size on diagnosis compared with other IMSCTs 
due to its slow-growing nature.

Clinical Presentation. Gangliogliomas affect a wide age range of patients 
from newborn to elderly, but most cases occur in children or young adults. There 
has been no gender, race, or ethnic association identified. Patients present typi-
cally with progressive myelopathy in addition to other neurological deficits related 
to the location of the lesion in the spinal cord [27]. The duration of symptoms 
ranged from 1 month to 5 years [28]. Usually tumors are detected at a late stage 
because of characteristically slow growth, leading to an insidious progression of 
neurological deficit.

Imaging. It is nearly impossible to differentiate ganglioglioma from the more 
common intramedullary neoplasms—astrocytoma or ependymoma—based on 
imaging alone, as they all share similar features (Fig. 21.2) [29].

Pathology. Histologically, gangliogliomas are composed of both neoplastic 
glial and ganglion cells, which are disorganized, variably cellular, and 

a b c

Fig. 21.2 Craniocervical junction gangliogliomas. T1 sequence after gadolinium injection in sag-
ittal (a), coronal (b), and axial (c)
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non-infiltrative. Occasionally, it may be challenging to differentiate ganglion cell 
tumors from an infiltrating glioma with entrapped neurons [29]. In the differen-
tiation of ganglioglioma from regular glial tumor, pathologists look for abnormal 
clusters of neoplastic ganglion cells. The presence of binucleated and dysmor-
phic neurons are helpful findings that can help to direct diagnosis towards gan-
glioglioma [29]. Common features include fibrovascular stroma confined to the 
neuronal component, perivascular lymphocytic infiltrates, small foci of calcifica-
tion, and immunopositivity for synaptophysin, neuron-specific enolase, and 
chromogranin A. More aggressive tumors will usually have elevated Ki-67 and 
p53 labeling index.

Gangliogliomas are generally benign WHO Grade I tumors; the presence of ana-
plastic changes in the glial component represents WHO Grade III tumors (anaplas-
tic ganglioglioma), and there is no WHO Grade II for ganglioglioma [30]. In recent 
years, there are growing data regarding molecular subtyping, specifically with 
regards to a BRAF mutation. BRAF is an intracellular serine/threonine kinase com-
ponent of the mitogen-activated protein kinase (MAPK) pathway [31]. Ras protein 
activates BRAF, which leads to downstream promotion of cell growth, survival, and 
differentiation. A common mutation is BRAF v600E, which can lead to increased 
oncogenicity. Almost one-third (in some reports up to 60%) of gangliogliomas har-
bor this mutation, yet the real prevalence of spinal cord ganglioglioma harboring 
BRAF mutation has yet to be found [31–34]. There are gangliogliomas that harbor 
fusion KIAA1549, like pilocytic astrocytoma. H3 K27M (H3.3 K27M) can be 
found in gangliogliomas as well, and will lead to a much more aggressive tumors, 
usually AGGs.

Surgical Intervention. The best treatment is gross total resection. Optimal 
treatment via subtotal resection has not been clearly established yet. According to 
the few articles available in the literature that discuss spinal cord gangliogliomas, 
the 5 and 10-year survival rates after total resection were 89% and 83%, respec-
tively [27].

It has been recognized that postoperative results correlate closely with preopera-
tive neurological status, as well as the ability to achieve complete resection [35].

Adjuvant Therapy. With the exception of WHO Grade III anaplastic ganglio-
glioma, radiation therapy and chemotherapy are generally regarded as having no 
role in ganglioglioma treatment and have been found to have no treatment advan-
tage [21, 28, 36, 37]. Some physicians advocate against radiation therapy and che-
motherapy since they increase the chance for malignant transformation [38]. Most 
will agree that adjuvant radiotherapy is generally given to patients with incomplete 
tumor resection or for recurrent tumor (i.e., that cannot be resected), and to those 
with a tumor histology showing anaplastic features or oligodendroglial-like cells 
[39]. Adjuvant chemotherapy is advocated by some in partially resected low-grade 
spinal cord gangliogliomas that show evidence of disease progression [29]. The role 
of BRAF inhibitors has started to be investigated as well in spinal cord tumors that 
harbor the mutation or the fusion. Poor prognostic factors for adults with ganglio-
gliomas include older age at diagnosis, male sex, and malignant histologic 
features.
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21.5.2  Paraganglioma

Introduction. Paragangliomas account for 0.3% of all neoplasms. Nearly 80% of 
paragangliomas develop within or near the glomus jugulare and carotid body [40]. 
Paragangliomas arise from the paraganglion cells of the neuroendocrine system 
and can be primary spinal lesions or metastatic from the retroperitoneum. The first 
case of paraganglioma metastasizing to the spine was reported in 1948 [40]. As few 
as 30 cases of spinal metastasis of paraganglioma have been reported in the litera-
ture [40]. The origin of these tumors is uncertain as the presence of paraganglia 
cells in the CNS is unclear. Previous publications suggested that a spinal paragan-
glioma may originate from sympathetic neurons in the thoracic and lateral horns of 
the spinal cord [41]. Spinal paragangliomas are thought to be of the sympathetic 
type while carotid and jugular body paragangliomas are of the parasympathetic 
type [42].

Clinical Presentation. Patients present usually between the ages of 40–50 
years; there is a slight male predominance [42]. Paragangliomas are rarely seen 
in children. Pain is the most common presenting symptom and is usually progres-
sive and insidious in onset [40]. Neurologic symptoms, including radiating pain 
and limb weakness due to spinal cord and nerve root compression, are also 
reported [40]. Despite their neuroendocrine origin, these tumors rarely have 
functional hormonal activity. However, there are some cases of paraganglioma 
with functional hormonal activity that can induce perioperative vital instability 
[43, 44].

Diagnostic imaging. MRI is the imaging modality of choice and will demon-
strate isointense or hypointense signal on T1, and isointense to hyperintense signal 
on T2. Paragangliomas will enhance with gadolinium. The presence of signal flow 
voids may be seen due to high-velocity flow in tumor vessels. A “salt and pepper” 
appearance on T2 images has been described due their hypervascular nature and the 
presence of these flow voids [40]. Tumors typically have an irregular oblong shape. 
Vertebral elements can be involved in cases of metastatic disease; however, bony 
elements are often spared in primary spinal paraganglioma. When paragangliomas 
are found in the lumbar spine, they will usually be in the intradural-extramedullary 
space [40].

Pathology. The stereotypical paraganglioma is the pheochromocytoma, which is 
found in the adrenal gland and secretes catecholamines resulting in labile blood 
pressure. Spine paragangliomas sequester catecholamines in cytoplasmic granules; 
however, they are rarely active in neuroendocrine production [40]. Urine and blood 
samples of catecholamine and vanillylmandelic acid typically demonstrate normal 
levels. The “Zellballen” pattern—a nesting or clustering of cell groups and the tra-
becular cords of cells within thin compartments of connective tissue stroma—is the 
primary histological feature [40]. The predominant cell type are the chief cells, 
which are round with eosinophilic cytoplasm and large round nuclei [42]. 
Chromogranin, synaptophysin, and neuron-specific enolase are positive in paragan-
gliomas. The tumors will stain negative for glial fibrillary acid protein, which will 
help in differentiating it from ependymoma [40].
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Surgical Intervention. Surgical resection is the first line treatment for paragan-
glioma. For metastatic tumors, the primary retroperitoneal and/or abdominal tumor 
is typically resected first, unless neurologic symptoms dictate an urgent resection of 
the spinal tumor [40]. Gross total resection should be the goal of surgery. Pre- 
embolization prior to surgery has been described in tumors of the thoracic region to 
help minimize blood loss and morbidity of surgery [45].

Adjuvant Therapy. Adjuvant radiation therapy is recommended when subtotal 
resection is achieved (and repeat surgery is not possible), although the role for 
radiotherapy has yet to be fully determined [40]. Conventional radiotherapy pro-
vides control rates of 90–100% and is often advocated as a first-line therapy for 
asymptomatic patients with intracranial paragangliomas; therefore, its use for spinal 
lesions may also be promoted [46]. There have been case reports on the use of che-
motherapy in paragangliomas with mixed results. Success has been reported with 
the use of octreotide for metastatic paraganglioma, and with combined cyclophos-
phamide, vincristine, and dacarbazine; however, there have been multiple series 
with failure of chemotherapy treatment [40].

21.5.3  Neuroenteric Cysts

Introduction. Neuroenteric cysts are benign congenital lesions that result from 
abnormal partitioning of the embryonic notochord plate and endoderm, causing 
primitive endodermal cells to be incorporated into the notochord. The displaced 
alimentary cells become the cyst wall [47].

Neuroenteric cysts represent 0.3–1.3% of spinal cord tumors. They were first 
described in 1934 by Puusepp and have been termed enteric cysts, endodermal 
cysts, gastroenterogenous cysts, gastrocytoma, intestinoma, and archenteric cyst 
until the term neuroenteric cyst was introduced in 1943 [47]. Associated pathologies 
include bone, soft tissue, and visceral abnormalities. They are predominantly found 
in the thoracic cord, followed by the cervical cord, cervicothoracic cord, and the 
conus medullaris [48]. Most often, neuroenteric cysts are found in the intradural- 
extramedullary compartment of the spine. Intramedullary neuroenteric cysts con-
tribute to <5% of all intraspinal neuroenteric cysts [48].

Clinical Presentation. Neuroenteric cysts usually manifest before the fourth 
decade of life (range, 21 days to 68 years) and have a male predominance (male/
female ratio of 22:16) [48]. Neuroenteric cysts are typically slow-growing and pres-
ent with progressive myelopathy [49]. Patients will also present with neurologic 
symptoms, including weakness, sensory changes, sphincter dysfunction, and pain 
[48]. It is hypothesized that intermittent symptoms help characterize neuroenteric 
cysts because the cyst may periodically rupture mucin into the subarachnoid space 
or by fluctuation in the rate of active mucin secretion and reabsorption by the cyst 
wall [48]. Cases have been described in infants presenting with meningitis due to 
cyst rupture into the subarachnoid space.

Diagnostic Imaging. MRI is the diagnostic imaging of choice. Neuroenteric 
cysts appear typically as non-enhancing cystic lesions that are hypointense on T1 

21 Rare Spinal Cord Tumors



406

and hyperintense on T2 (Fig. 21.3) [49]. Peripheral enhancement of the cyst wall 
has been reported in some cases [48]. Cyst fluid will be isointense or hyperintense 
on T1 and T2, depending on the protein content of the cyst fluid [47]. Neuroenteric 
cysts are most commonly found in the cervical and thoracic spine, and infrequently 
in the lumbar spine or conus medullaris [48]. They are often found ventral to the 
spinal cord and can be misdiagnosed as cystic neoplasms, such as cystic meningio-
mas or astrocytoma.

Pathology. The cyst is lined by mucin-secreting pseudostratified cuboidal or 
columnar epithelium of the intestinal or respiratory type. Immunohistochemical 
staining is positive cytokeratin and epithelial membrane antigen. Staining is nega-
tive for glial fibrillary acid protein and S-100 protein. Ependymal cysts will stain 
positive for glial fibrillary acidic protein (GFAP) and S-100 [48]. Neuroenteric cysts 
can be classified based on histological features [47]. Type A cysts are simple pseu-
dostratified, cuboidal, or columnar epithelium with or without cilia on a basement 
membrane. Type B cysts contain mucous glands, serous glands, smooth muscle, fat, 
cartilage, bone, elastic fibers, lymphoid tissue, or nerve ganglion. Type C cysts will 
also contain ependymal or glial tissue [47].

Surgical Intervention. Surgical resection is the primary form of treatment for 
these benign lesions. As neuroenteric cysts are most often located ventrally in the 
spinal canal, anterior approaches have been reported but are typically more exten-
sive procedures and often require fusion, while the posterior approach is more 
straightforward—the surgeon can usually find a working corridor due to the cord 
displacement caused by the cyst and detach the dentate ligament as needed [47]. 
Surgical methods ranged from cyst puncture and aspiration [50], to resection with 
cyst marsupialization or cyst-subarachnoid shunting [51–53].

Gross total resection is reported in the literature to range from 71 to 75% in 
extramedullary locations [48]. Subtotal resection occurs due to poor cyst-cord 

a b c

Fig. 21.3 Neuroenteric cyst. Rare lesion, tend to appear hyperintense in T2 weighted images (a, 
b), and hypointense in T1 sequence (c)
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interface or adhesion to the surrounding neural tissue and in the intramedullary 
location. Cysts may recur after subtotal resection. The recurrence rate has been 
reported between 0 and 37% for intradural extramedullary cysts and 20–25% for 
intramedullary cysts [48]. As with other spinal cord tumors, laminectomy and lami-
noplasty techniques have been described. surgical fixation and fusion may be 
required after resection of the cyst due to the potential to remodel the vertebrae, 
which can cause thinning of the bone [54]. Cyst-subarachnoid shunting has been 
used in ependymal cysts but remains controversial in neuroenteric cysts due to the 
thought that the cyst contains caustic mucinous material and may cause irritation to 
the neural tissue [48].

Adjuvant Therapy. Currently, radiotherapy is not used in the primary treatment 
of ependymal cysts. Radiotherapy has not been shown to reduce the risk of ependy-
mal cyst recurrence [48].

21.5.4  Primary spinal cord oligodendroglioma

Introduction. Primary spinal oligodendrogliomas (PSOs) are rare tumors represent 
less than 2% of all intramedullary spinal tumors. There is paucity of literature dis-
cussing this entity, with fewer than 70 cases described in the literature [55, 56].

In rare cases, PSOs can be diffuse, even to the extent of the entire cord, leading 
to symptoms related to increased intracranial pressure [55, 57]. The general treat-
ment paradigm is surgery an adjuvant therapy.

Clinical presentation. PSOs are more common in the adult population, and 
there is equal distribution among both sexes—the literature to date indicates no 
significant sex predilection [55]. There are no unique presenting symptoms to PSOs, 
and they will present in the same way as other intramedullary tumors. Patients usu-
ally first describe the appearance of sensory deficits and back pain, and then later 
describe motor deficits and sphincter malfunction [56, 57]. There were also some 
reports of oligodendrogliomas involving the entire spinal cord, resulting in increased 
intracranial pressure as a presenting symptom [55, 58]. Oligodendrogliomas tend to 
be fairly large tumors upon presentation. In the vast majority of reported cases of 
PSO, the tumor is between 1 and 5 segments in length—there are some cases in 
which the tumor occupied >10 consecutive levels [55]. The most reported anatomi-
cal location is the thoracic spine [56, 58].

Diagnostic imaging. MRI with and without contrast is the gold standard for 
diagnosis and surgical planning. CT should be performed in cases with tumors caus-
ing skeletal deformation. Oligodendrogliomas are hyperintense on T2 and are con-
trast enhancing. Usually, heterogeneous hypointense or isointense lesions are 
observed in T1-weighted images, and a hyperintense lesion is observed in 
T2-weighted images (Fig.  21.4) [55]. The enhancement can be a mild and non- 
homogenous spotty enhancement with hypointense areas usually due to intramural 
bleeding foci and hemosiderin deposition. Yet in some lesions, enhancement can be 
much more obvious. Cystic components or cystic necrotic areas are not common 
feature, and when they appear, they can direct toward a high-grade PSO.
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Brain and total spine MRI should be obtained due to the possibility of tumor 
seeding to different location in the spine and to the brain as well [59].

Pathology. Tumors typically have a high cellularity with characteristic “fried- 
egg” cells with round nuclei and a clear basophilic cytoplasm, which stain positive 
for GFAP on immunohistochemical staining. PSOs are usually solid mass tumors 
and tend to look yellow-gray, pink-gray, or reddish less frequently in macroscopic 
appearance. Calcifications are fairly common and will appear at an average rate of 
30% [56, 60, 61]. Microscopic features of PSOs are typically composed of hyper-
chromatic neoplastic cells with small spherical nuclei and mitotic figures, depend-
ing on the tumor's degree of differentiation. Immunohistochemical analysis of 
PSOs reveal no reactivity or mild reactivity for GFAP because oligodendrocytes 
possess no cytoplasmic intermediate filaments [55]. The new WHO classification 
from 2016 outlines new diagnostic parameter for oligodendrogliomas: an observa-
tion of 1p and 19p deletions in fluorescence in situ hybridization [30]. The diagno-
sis of oligodendroglioma and anaplastic oligodendroglioma requires the 
demonstration of both an isocitrate dehydrogenase (IDH) gene family mutation, 
and combined whole-arm losses of 1p and 19q (1p/19q co-deletion) [30]. The 
WHO classification also recognized that tumors of childhood that histologically 
resemble oligodendroglioma often do not demonstrate IDH gene family mutation 
and 1p/19q co-deletion in the pediatric population. But until such tumors are better 
understood at a molecular level, they should be included in the oligodendroglioma 
not otherwise specified category [30]. Similar to other pediatric CNS tumors, pedi-
atric spinal oligodendroglioma is a different tumor than adult spinal oligodendro-
glioma. Since the number of cases of spinal oligodendroglioma and anaplastic 
oligodendroglioma in the pediatric population is so small (only 4 cases of 

a b c

Fig. 21.4 Holocord oligodendroglioma. T2 (a) and T1 after gadolinium injection (b, c) holocord 
oligodendroglioma with extensive syrinx
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anaplastic oligodendroglioma were described in the CCG-945 Children’s Cancer 
Study Group clinical trial), there is a need for wider molecular investigation for all 
cases in order to tailor the right treatment, including the Ras-mitogen-activated 
protein kinase (Ras-MAPK) pathway that was found in pediatric spinal oligoden-
droglioma in some publications [62].

Surgical Intervention. Surgical resection is the mainstay of treatment and when 
possible, the surgeon should seek to achieve gross total resection. Total resection 
may not be achievable in a majority of cases as the tumor is often infiltrative and 
clear surgical margins are not common findings in PSOs [56, 63]. Neurophysiologic 
monitoring is employed intraoperatively to assist with achieving maximal safe 
resection, like in every intramedullary tumor resection.

Adjuvant Therapy. Post-operative chemotherapy and radiation have been per-
formed in cases of recurrence [55]. Postsurgical chemotherapy and/or radiotherapy 
is controversial, and there is agreement that the use of post-resection radiotherapy 
should be limited to adults or older adolescent cases with a subtotal resection of 
high-grade tumors and doses not exceeding 40–50 Gy. CT with or without radio-
therapy is promising. Nonetheless despite all these treatments, the average survival 
for a patient with a PSO is 28.6 months [55, 56, 64].

21.5.5  Neurocytoma

Introduction. Neurocytomas are typically located in the supratentorial ventricular 
system and are primary CNS tumors [65]. They tend to appear predominantly in the 
lateral and third ventricles in young adults, and account for 0.1–0.5% of all intracra-
nial tumors worldwide [65]. Extraventricular neurocytomas (EVNs) are an even 
rarer tumor than neurocytoma and was first introduce to WHO classification in 2007 
[66]. EVNs are rarely located in the spinal cord with only 24 cases of being reported 
in the English literature [67].

Clinical Presentation. Age at presentation ranges from 6 to 67 years of age; 
however, the number of cases of spinal cord neurocytomas is too small to reach any 
conclusion regarding either age or gender predisposition. Similar to other intramed-
ullary tumors, these tumors are more likely to be located at the cervical or thoracic 
spinal cord [67].

Like any other spinal cord tumor, spinal cord neurocytomas cause symptoms 
depending on their location in the spinal cord, the presence of mass effect on the 
cord, and spinal cord edema. Symptoms may last for several months or years as the 
neurocytomas grow slowly.

Diagnostic Imaging. MRI characteristics are variable; sometimes it is not pos-
sible to distinguish spinal cord neurocytomas clearly from other intramedullary 
tumors (Fig. 21.5). Characteristics are very similar to ependymomas and oligoden-
drogliomas, which makes it difficult to make a definite diagnosis only via MRI (e.g., 
syrinx capping both poles of the tumor) [65, 68]. Therefore, it is necessary to use 
histopathology and immunohistochemistry features in order to make an accurate 
diagnosis of a spinal cord neurocytoma.
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The basic MRI features of primary spinal cord neurocytomas may be isointen-
sity/hypointensity on T1-weighted images and isointensity/hyperintensity on 
T2-weighted images. After administration of gadolinium, the tumor may show het-
erogeneous enhancement.

Pathology. Neurocytomas are composed of small round cells with neuronal 
differentiation. Central neurocytomas correspond histologically to WHO Grade 
II with a MIB-1 labelling index of <2%. When similar tumors show atypia, 
mitoses, vascular proliferation and/or necrosis histologically and a MIB-1 index 
>2%, they are designated as “atypical neurocytomas” [69]. Yet, this description 
of atypical neurocytoma has not been accepted into the new 2016 WHO classi-
fication for brain tumors, although it has been mentioned in different publica-
tions [30].

The cells of neurocytomas have a slightly eosinophilic cytoplasm with clear peri-
nuclear halos, which is similar to oligodendrogliomas [65]. For atypical neurocyto-
mas, common histological findings include delicate fibrillary neuropil-like matrices, 
capillary-sized blood vessels in a branching pattern, foci of calcification (in one- 
third of the cases), and perivascular pseudorosettes [69]. Because neither imaging 
nor histopathology help differentiate spinal cord neurocytomas from similar look-
ing tumors (i.e., oligodendroglioma or ependymoma), immunohistochemistry is 
necessary for differential diagnosis. Neurocytomas are immunopositive for synap-
tophysin (SYN), which is considered the most reliable immune-marker for the diag-
nosis of neurocytoma [30, 66, 70] Microtubule-associated protein-2 (MAP-2) is 
another relatively specific marker for neurocytomas [71]. NeuN and anti-HU anti-
bodies are also considered to be useful and demonstrate nuclear staining in most 
cases [72, 73].

a b c

Fig. 21.5 Cervical neurocytoma. Different views of extraventricular neurocytoma. The tumor 
causes extensive syrinx above and below the lesion and tends to appear hyperintense on T1 (a, b), 
and isointense on T2 weighted images (c)
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Surgical Intervention. The treatment of choice for spinal cord neurocytomas is 
achieving gross total resection. Yet a review of the literature reveals that gross total 
resection was achieved in less than 80% of cases. Some will therefore advocate the 
use of radiotherapy as adjuvant therapy [67]. Tumor recurrence rate is more closely 
related to the histologic atypia and a high MIB-1 labeling index [65]. As for now, 
the two main parameters that predict progression or recurrence are the extent of 
resection and histology (i.e., the presence of atypia and a degree of MIB-1). A recent 
article reviewed EVNs, analyzed their epidemiology, clinical and radiological find-
ings, locations, treatment and prognosis, and concluded that epidemiology was not 
definitely known because they are quite rare. They are also associated with a poor 
prognosis compared with o central neurocytomas [74].

Adjuvant Therapy. The use of adjuvant therapy following subtotal resection is 
still controversial. There are not enough cases to build up solid data to outline a 
complete treatment paradigm. Even chemotherapy that was shown to have a role in 
intraventricular central neurocytomas has not been utilized in spinal cord neurocy-
tomas [70, 75]. The use of radiotherapy following subtotal or partial resection is not 
well established and has shown contradictory results [76, 77].

21.5.6  Subependymomas

Introduction. Subependymomas (WHO grade I) occur very rarely in the spinal 
cord, accounting for only 2% of all symptomatic cases [78]. Spinal cord subependy-
momas (SCSEs) are a benign, non-invasive, slow-growing, WHO grade I spinal 
cord tumor [30]. SCSEs were first reported in 1954 and since then, 72 cases of 
SCSE have been reported [79]. Like its name, it has some similar features to epen-
dymoma, yet its clinical course and outcome differ. The tumor tends to grow slowly 
and have a relatively low recurrence rate in cases of subtotal resection. Mixed 
tumors composed of subependymoma and ependymoma (WHO Grade II) account 
for approximately 15% of symptomatic subependymoma cases, including all levels 
of the central nervous system [80].

Clinical Presentation. Like in other intramedullary lesions, signs and symptoms 
are a consequence of tumor location, amount of cord edema, and mass effect on 
viable cord. Intramedullary subependymomas usually occur in the cervical and cer-
vicothoracic regions. Patients usually first present with either back pain or sensory 
deficits [78].

Diagnosis. SCSEs were most commonly located at the cervical spinal cord, fol-
lowed by the thoracic spinal cord and the lumbar spinal cord. It is very hard to dis-
tinguish SCSEs from ependymomas since common MRI findings of SCSEs are iso 
to low.

Signal intensity on T1-weighted imaging and high signal intensity on T2–
weighted imaging, and these features are not different from those associated with a 
spinal cord ependymoma (Fig. 21.6). However, SCSEs tend to have eccentric loca-
tions, relatively poor gadolinium enhancement, and relatively intra-tumoral cysts 
and calcifications, all of which are different in spinal cord ependymomas [79].
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Pathology. The histopathogenesis of a subependymoma has yet to be revealed 
clearly. An intracranial subependymoma is currently thought to derive from subep-
endymal glial precursor cells, which are bipotential cells with the ability to differ-
entiate into either ependymal cells or an astrocyte [81]. For SCSEs, the description 
suggested by some publications includes subpial spinal white matter progenitor 
cells as a possible histogenesis for a better explanation of the predominant periph-
eral and exophytic location [82]. The macroscopic eccentric location of subependy-
momas suggests that they might derive from the subependymal cell plate, known as 
the residual periventricular matrix layer [83]. Other histological features—includ-
ing sparse cellularity, clusters of nuclei and microcyst formation on a background of 
a dense fibrillar matrix, and perivascular pseudorosettes—can be occasionally seen 
and are usually inconspicuous [78, 84, 85]. The immunohistological phenotypes are 
different from ependymomas by the modest expression of epithelial membrane anti-
gen, probably because there are few ependymal rosettes, and by the expression of 
GFAP and S-100 [78].

Surgery. Recommended treatments for SCSEs are still not well established. 
Several publications advocate achieving gross total resection in order to get good 
clinical outcome [83, 86]. On the other hand, since the literature showed it is hard to 
achieve a gross total resection in these cases (the rate of gross total resection in previ-
ous publications was 73.9% [79], mainly because of the infiltrative nature of the 
tumor, which leads to poor dissection plane between the tumor and the spinal cord), 
other authors have shown that subtotal resection or partial resection was sufficient for 
a good clinical outcome when gross total resection is not feasible. [87, 88].

Adjuvant Therapy. There is no treatment paradigm for SCSEs other than sur-
gery. This is because tumor behavior is very indolent, even with subtotal resection. 
Hence, there are no data regarding the use of chemotherapy or radiation therapy for 
spinal cord subependymoma. For intracranial subependymomas, there are more 

a b c

Fig. 21.6 Cervical cord subependymoma. This intramedullary lesion tends to be eccentric (a), 
isointense in T1 sequence (b), and hyperintense in T2 weighted images (c)
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data suggesting treatment with radiotherapy for subtotal or partial resection, yet 
radiotherapy did not show a significant association with longer survival [81]. Yet, 
the use of adjuvant therapy for spinal cord subependymomas is not well 
established.

21.5.7  Spinal Cord Germinoma

Introduction. Primary intramedullary spinal germ cell tumors are exceedingly rare. 
As such, there are no established treatment paradigms. Germ cell tumors account 
for 1% of all CNS tumors, and they are seen more frequently in Japan (3%) and East 
Asia (12.5%) [89]. The more common anatomical locations are the pineal or supra-
sellar regions, and less frequently in the brain midline structures. Spinal metastases 
resulting from germ cell tumor seeding have been well documented in previous 
publications [90, 91]; however, it is extremely rare that germ cell tumors are be 
found within the spinal cord as a primary tumor [92].

Primary spinal cord germinomas (SCGs) are very rare. There are fewer than 50 
cases published in the literature [93]. Most cases of primary SCGs have been 
described in young Japanese and adult Chinese patients. Germinomas in the spinal 
cord can be an intramedullary lesion (majority of the cases) but can also be purely 
extramedullary in rare cases. The strongest prognostic value was found to be pres-
ence of syncytiotrophoblastic giant cells (STGCs), which are associated with a 
higher rate of recurrence, and hence morbidity and mortality [92].

Clinical Presentation. Primary spinal cord germinomas present in young adults, 
usually in the second and third decades of life. There is no sex predominance. (Past 
studies showed a slight male predominance that was not seen in later reviews.) The 
duration of symptoms is quite heterogeneous, ranging from 1 to 57 months [93]. 
Like in other spinal cord tumors, the location of the spinal cord germinoma dictated 
the symptoms and presentation, with back pain and motor and sensory deficits being 
the most common symptoms and signs of disease. The classic location is the tho-
racic spinal cord, followed by the transition zones of the cord: thoracolumbar and 
cervicothoracic.

Diagnosis. There are no specific imaging characteristics of SCGs, hence the dif-
ferentiation from other spinal lesions like ependymoma and astrocytoma is difficult 
[93, 94].

The majority of lesions were hypointense to isointense on T1-weighted images, 
isointense to hyperintense on T2-weighted images, and showed some degree of 
gadolinium contrast enhancement [95]. Intratumoral and peritumoral cysts can be 
found [94–96]. Yet, even within the small number of cases described with SCGs, 
there are a wide range of imaging characteristics, including non-enhancing lesions 
[96–98]. Hence, the only way to diagnosed and differentiate SCGs from other spinal 
cord lesions is by biopsy and histologic analysis. As for other ancillary tests, like 
intracranial germ cell tumors, CSF and serum biomarkers (Alpha fetoprotein [AFP], 
Beta human chorionic gonadotropin [B-HCG]) can be a significant aid for diagno-
sis, especially in the case of germinoma (AFP: negative; B-HCG: mildly elevated). 
Yet in rare cases, SCG can present with elevated AFP.
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Pathology. Pathologic and histological features are identical to intracranial ger-
minomas. The presence of STGCs in a pathohistological specimen is an indicator of 
a more aggressive lesion and poorer prognosis [93].

Surgery. Primary spinal cord germinoma have the same radiosensitivity like 
intracranial germinomas. Hence, after tissue diagnosis a relevant treatment can be 
radiotherapy. The known literature about SCGs state that the vast majority of germi-
nomas were without good margins with surrounding tissue [92, 96, 97, 99]. 
Therefore, achieving a gross total resection without damaging normal structures can 
be a challenging task for a neurosurgeon, even with electrophysiological monitor-
ing. This paradigm along with the known radiosensitivity led to the fact that a biopsy 
and a frozen section analysis are recommended [92, 96, 99, 100]. The literature 
shows that a gross total resection was performed in 23% of cases, a subtotal resec-
tion was performed in 52% of cases, and only a biopsy in was performed 25% of 
cases. We believe that the surgeon needs to bear in mind all these characteristics, 
and if a frozen section during surgery states germinoma, a careful tumor decom-
pression should be done, relieving tension and mass effect, and leaving as small a 
tumor load as possible for the adjuvant therapy following surgery.

Adjuvant Therapy. Germinomas are highly responsive to radiotherapy; all 
patients reported in literature (except one) received some form of radiotherapy. The 
radiotherapy protocol takes into account the fact that the surrounding tissue is spinal 
cord and therefore the majority of patients described in literature only received local 
spinal irradiation. The literature also suggested that local tumor bed irradiation 
appears sufficient in patients without STCG and with low levels of B-HCG [92].

The role of chemotherapy in spinal germinoma has yet to be defined. Intracranial 
germ cell tumors are highly sensitive to chemotherapy, especially to platinum and 
alkylating agents. The common chemotherapeutic agents found to be effective for 
CNS germinomas are cisplatin, bleomycin, vinblastine, and etoposide [92]. 
Chemotherapy is described as part of the treatment in 54.5% of cases, with carbo-
platin and etoposide the most frequently used regimen due to germinoma sensitivity 
to these agents [93].

The recurrence rate of SCGs is less than 10%, according to the literature, but 
rises to 50% when STGC is positive. Some publications advocate limited volume 
radiotherapy combined with systemic chemotherapy in patients with a high risk of 
recurrence (e.g., positive STGC). To reduce endocrine and neurocognitive side 
effects, craniospinal radiation should be used as a last resort in patients with recur-
rence [92].

21.6  Spinal Cord Developmental Tumors

Developmental tumors are slow-growing group and include dermoid tumors, epi-
dermoid tumors, and teratomas. They are generally benign but can reoccur if resec-
tion is subtotal or in the presence of more aggressive tumor histology and biology 
(e.g., anaplastic teratoma). Treatment is resection with a goal of achieving gross 
total resection, while adjuvant therapy is reserved for recurrent tumors that are not 
amenable for resection or more aggressive tumor.
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21.6.1  Spinal Cord Teratomas

Introduction. Teratomas are germ cell tumors that include all three embryonic 
germ layers: the endoderm, mesoderm, and ectoderm. Teratomas are extremely rare 
and account only for 0.1% of all CNS tumors, and except for in the sacrococcygeal 
region, teratomas constitute less than 0.5% of all intraspinal tumors. Primary cranial 
teratomas in the CNS are usually known to arise in the pineal gland and suprasellar 
regions [101, 102]. Teratomas affecting the spine and—more specifically—the spi-
nal cord are very rare. Spinal teratomas can be mature, immature, and malignant 
based on histological degree of differentiation. Most of the cases of intramedullary 
teratomas known to literature are of adults.

Clinical Presentation. Spinal cord teratomas (SCTs) are quite rare in adults, and 
when they do present, it is usually during the third to fifth decades of life [103]. 
SCTs tend to be located in the thoracic and thoracolumbar regions. Reported cases 
have demonstrated that intramedullary teratomas are seen predominantly in the tho-
racic and lumbar region, and only a few reports document spinal teratoma in the 
cervical spine [104–106]. For adults, a significant difference in the time to diagnosis 
between both genders has been found, with men diagnosed fairly early in relation to 
their symptoms duration while women tend to be diagnosed after a much longer 
period [103]. Actual symptoms depend on the location and extent of disease within 
the spinal cord, as well as cord edema and mass effect.

Diagnosis. The modality of choice is MRI, with CT scan used as adjuvant test to 
evaluate bony deformation (Fig. 21.7). In a recent review of thoracolumbar terato-
mas in adults, 37.5% of the cases had some type of congenital anomaly associated 
with the lesion, such as an anomalous vertebra fusion, spina bifida, congenital sco-
liosis, and split cord malformations [103]. MRI characteristics that suggest teratoma 

a b c

Fig. 21.7 Spinal cord teratoma. Different sequences—T1 after gadolinium injection (a, b); T2 
weighted images (c)—describing spinal cord teratoma
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(besides the anatomical location) are tissue heterogeneity manifested by mixed sig-
nals with inhomogeneous intensities on T1 and T2-weighted images (the variability 
could represent different tissue types) [107, 108]. These MRI findings, along with 
bony deformation as mentioned before, highly increase the suspicion of a possible 
intramedullary teratoma [107, 108].

Tumor markers in the serum and CSF can assist in diagnosis and to some extent 
in follow-up. A mild elevation in a tumor marker, such as serum B-HCG in a patient 
with a spinal teratoma was documented, and the B-HCG levels were shown to 
decrease to a normal range postoperatively, suggesting that patients with spinal tera-
tomas can have mild elevations in B-HCG due to secreted components of the tumor 
[109].

None of the modalities can lead to a clear preoperative diagnosis of intramedul-
lary teratoma, and hence histology is still the gold standard.

Pathology. Histopathologic examination is the gold standard for definite diagno-
sis as mentioned above. Teratomas are classified classically by the presence of all 
three germ layers. In cases when only 1–2 layers are observed, the diagnosis of tera-
toma cannot be completely ruled out since overgrowth of one germ line over the 
other sometimes occurs [110]. Teratomas are classified as lesions composed of all 3 
primitive germ layers. The exact mechanism that leads for teratoma formation in the 
spine cord is not known. Yet, there are two theories proposed to explain the phenom-
enon: misplaced germ cell theory and dysembryogenic theory [103]. The advocates 
of the misplaced theory suggest that teratomas originate from disordered migration 
and misplacement of the primordial germ cells from the yolk sac, typically into a 
midline location, and are not true neoplastic lesions. On the other hand, the advo-
cates of the dysembryogenic theory suggest that teratomas are caused by disordered 
differentiation of pluripotent cells in an aberrant developmental environment in the 
primitive streak or caudal cell mass [103, 111, 112].

Surgery. The mainstay of treatment is still resection of the tumor with relief of 
mass effect. The goal of surgery is gross total resection, if possible. Based on previ-
ous data with gross total resection, only one case was reported with recurrent tumor 
10 years after surgery [103]. Yet, a review of the literature showed that avoiding 
recurrence was achieved only in half of the cases, and then depends on actual histol-
ogy and tumor characteristics; adjuvant treatment may then be warranted. Close 
follow-up can be used in cases in which some residual tumor is present but the mass 
effect on the cord is resolved, the symptoms and signs are resolved, and no malig-
nant characteristics are found in the histology. When looking at the different types 
of teratomas, mature types have been shown to have a benign postoperative course 
during long-term follow-up, even with partial resection. On the other hand, recur-
rences were most commonly encountered with immature or malignant teratomas 
with a recurrence rate of about 10% (these data are combined for any spinal tera-
toma, not just intramedullary) [113].

Cases with elevated B-HCG before surgery can serve as a tumor marker for 
monitoring tumor recurrence, but the full utility of this has yet to be studied.

Adjuvant Therapy. In cases in which the teratoma harbors malignant histologic 
features, radiotherapy is recommended as an adjuvant therapy to prevent 
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recurrence, even if gross total resection was achieved by post operation imaging 
[109]. In the presence of benign histology, avoiding radiotherapy after initial sur-
gery seems to be appropriate. In cases of tumor recurrence or progression and a 
previously benign histology, it is better to choose surgery first as a treatment modal-
ity before considering radiotherapy, which even then may have doubtful efficacy 
[109]. In some cases, chemotherapy should be considered, with cisplatin-based che-
motherapy regimens as for other germ cell tumors mentioned before.

21.6.2  Spinal Cord Dermoid and Epidermoid.

Introduction. Intramedullary dermoid and epidermoid cyst are very rare. There are 
several publications concerning intramedullary dermoid cysts, but almost no publi-
cations about epidermoid cysts [114, 115]. Yet, management of the two is similar; 
hence, the reader can regard the management of dermoid and epidermoid cysts in a 
similar way. Spinal epidermoid cysts are relatively rare lesions and constitute 0.6–
1.1% of all intraspinal tumors [114, 116]. The vast majority of intraspinal epider-
moid cysts are seen in intradural and extramedullary locations. Intramedullary 
epidermoid cysts are very rare, and the majority of cases are associated with a der-
mal sinus or an extramedullary extension [116, 117].

Intramedullary dermoid cysts are benign and rare spinal lesions with an inci-
dence of 5–7% of all primary intradural tumors in the pediatric population [118]. 
Dermoid lesions are commonly associated with the dermal sinus, which is seen in 
half of the cases [119]. The most common location for dermoid lesion is the lumbar 
spine and conus medullaris area [118, 120].

Clinical Presentation. Dermoid and epidermoid lesions can present as any other 
spinal cord lesions, causing symptoms in relation to their location and concomitant 
mass effect and cord edema. They infrequently present acutely because of either 
rupture within the cord or infection from the associated dermal sinus, causing recur-
rent meningitis or, rarely, an intramedullary abscess. There are only isolated reports 
in the literature of ruptured or infected dermoid cysts with an acute presentation 
[121]. In children, a dermal sinus is the most common source of an intramedullary 
abscess and the cause of intramedullary abscesses in 45% of pediatric patients. In 
contrast, a dermal sinus is the cause of only 24% of intramedullary abscesses in 
adults [121–123].

Dermoid lesions associated with a dermal sinus will most likely present within 
the first decade of life because of infection-related pathologies (e.g., sinus causing 
recurrent meningitis, or intradural and intramedullary abscess) [124]. When not 
associated with a dermal sinus, most patients with a dermoid cyst present because 
of mass effect on neural tissues, causing lower back pain or radiculopathy [125]. 
Other important presenting scenarios are of chemical meningitis, hydrocephalus, 
and other complications secondary to ruptured cysts [125, 126].

Diagnosis. MRI is the modality of choice in both cases for making diagnoses, as 
well as thorough inspection of the back for evident skin malformations that suggest 
dermal sinus. Radiological findings of intramedullary epidermoid cysts may be 
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quite variable because of the disparity in signal intensity secondary to the variable 
lipid and protein composition of these lesions. On MRI, non-homogeneous hypoin-
tensity on T1-weighted images and hyperintensity on T2-weighted images are char-
acteristic, but varying signal intensity between the different cases as well as between 
the different parts of the same cyst is not uncommon [114, 116]. These lesions are 
usually fairly well-defined with no surrounding edema and minimal peripheral 
enhancement after the gadolinium injection. Yet, sometimes it is hard to define the 
borders or visualize a plane between the lesion and the cord because of repetitive 
inflammation at the margins of these lesions, and may lead to gliosis along the mar-
gins [115].

For dermoid lesions, a dermoid cyst without infection can be recognized by the 
signal characteristics of fat, lack of enhancement, and heterogeneous intensity seen 
in T1 and T2-weighted images [121]. In case an intramedullary abscess is present, 
there will be findings of enhanced intramedullary mass with peripheral rim enhance-
ment and cord edema appreciated in T2-weighted images [127]. In cases with a 
dermal sinus, the abscess can usually be seen in T2-weighted images as a tract con-
necting the canal to the skin.

Pathology. Dermoid tumors are of ectodermal and mesodermal origin and are 
more developed [128]. Epidermoid tumors are of ectodermal origin and contain an 
inner layer of stratified epithelium and a fibrous capsule [128]. The distinction 
between types is somewhat blurry. In general, an epidermoid tumor is ectodermal in 
origin and contains an inner layer of stratified epithelium and a fibrous capsule 
[129]. A dermoid tumor is an orderly group of ectodermal and mesodermal ele-
ments. The cyst wall consists of the epidermis, corium, and cutaneous appendages 
(sebaceous glands and hair follicles) within the lining of stratified squamous epithe-
lium and often pockets keratins, cholesterol crystals, and hairs [128, 130]. The 
embryologic theory regarding the creation of these 2 lesions is still debated. The 
dermal sinus, regardless to the presence of dermoid or epidermoid cyst, is formed 
by the failure of separation of the surface ectoderm from the neural tube [131]. 
Already in the nineteenth century, it was thought that dermoid and epidermoid cysts 
were formed as a result of a defect in neural tube closure, which occurs between the 
third and fifth gestational weeks [115, 118]. Epidermoid and Dermoid cysts can be 
congenital as well as acquired, most likely derive from totipotent ectoderm inclu-
sions, which can give rise to all the epidermal and dermal elements found within 
these cysts [118]. Epidermoid cysts, especially intramedullary epidermoid cysts 
(which are usually congenital), are frequently associated with developmental abnor-
malities such as spina bifida, dermal sinus, meningomyelocele, diastematomyelia, 
and enterogenous cysts [114, 132]. Microscopically, the epidermoid cyst is lined by 
a thin fibrous outer layer of stratified or flattened epithelial cells, and filled with soft, 
flaky, and pearly material composed of keratohyalin granules, ghosts or skeletons of 
epithelial cells, debris of dead cells, and some fat [133, 134]. The cyst normally 
does not contain any liquid component; however, free fatty acids and cholesterol 
can be carried into the mass by inflammatory cells in response to necrosis of the 
degenerating squamous cells. In addition, less frequently in comparison to dermoid 
cyst, epidermoid cysts very rarely will degenerate into an abscess, which is almost 
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always associated with a dermal sinus [115]. When it does, usually a dermal sinus 
will be found [135].

The predilection of the lumbosacral region and of the conus medullaris for der-
moid cysts is a result of the caudal neuropore being the last to close in the formation 
of the neural tube and the conus medullaris developing from the caudal mass of cells 
by secondary neurulation [121]. For epidermoid cysts, the most common location is 
the thoracic spine [114].

Surgery. Surgical resection is the preferred treatment modality. For epidermoid 
lesions, radical removal of the cyst should be the goal of surgical intervention. Yet, 
total removal of the epidermoid cyst is seldom accomplished in the majority of 
cases, and a high rate of tumor recurrence has been subsequently reported. Usually, 
decompression of the cyst content is easily done. However, the cyst wall is adherent 
to surrounding cord parenchyma, hence making the excision of the cyst wall dan-
gerous with a high likelihood to cause neurological deficit [114, 135].

For dermoid lesions, in case there is involvement of intramedullary abscess, most 
publications in the literature support early intervention with resection of the abscess, 
sinus tract, and the dermal cyst wall, if possible [121]. The major factor preventing 
the total excision of an intramedullary dermoid cyst is dense adhesion of the wall of 
the cyst to the surrounding neural structures. The cyst wall should be excised in 
order to prevent recurrence. Yet, especially in the context of intramedullary infec-
tion, removing the cyst wall can be very difficult and might end up with permanent 
deficit.

Adjuvant Therapy. Surgical resection—and if needed, repeat resection—is the 
mainstay of treatment. The use of adjuvant treatment, like radiotherapy, is anecdotal 
and debated [136].

21.6.3  Spinal Cord Lipomas

Introduction. Spinal lipomas are usually extramedullary lesions and are typically 
found in the lumbosacral spine with spinal dysraphism. Truly intramedullary spinal 
cord lipomas are rare, comprising less than 1% of all spinal cord lesions [137]. After 
surgical intervention, debulking, and excision, patients may only exhibit partial 
recovery because of the intramedullary location of these tumors, and close follow 
up with further surgical intervention is sometimes warranted.

For lumbosacral lipomas, two types have been described by Pang, et al. Dorsal 
lipomas have a lipoma-cord interface on the dorsal surface of the lumbar canal and 
an intact distal conus and intact sacral nerve roots [138]. A transitional lipoma will 
involve the conus as it grows ventrally and is often described as asymmetric. These 
types of lipomas are formed as part of a neurulation defect, allowing mesenchymal 
cells into the neural groove and contact ependymal cells. On the other hand, although 
true intramedullary spinal cord lipomas are rare, they are also typically associated 
with spinal dysraphism. It is hypothesized that mesenchymal cells become mis-
placed during neural tube development and migrate into the developing neural tube 
before it closes, which then later develops into a lipoma [139]. Another theory 

21 Rare Spinal Cord Tumors



420

suggests that adipocytes may arise from the cells giving rise to spinal cells. 
Mesenchymal cells form spinal blood vessels due to the direction of neural crest 
cells. However, if neural crest cells are defective, they are unable to inhibit the mes-
enchymal cells to prohibit them from developing into other cell types, such as adi-
pocytes [139]. Lipomas associated with spinal dysraphism are—in fact—considered 
to be hamartomas, while lipomas not associated with dysraphism are considered 
true neoplasms. In the literature, intramedullary spinal cord lipomas are represented 
through scattered case reports of single patients and their presentation and treat-
ment. One case series six patients treated in an 8-year period at a single institution 
[140]. While another series demonstrated 14 patients over a period of 12 years 
[141]. Both series described the need for surgical resection to preserve neurologic 
function.

Clinical Presentation. Intramedullary lipomas present either in early infancy or 
in adults in the second or third decade of life. Children and infants present with 
“floppy baby syndrome” due to spinal cord damage resulting from birth trauma. 
Adults usually describe an indolent course with slowly progressive neurologic defi-
cit. Neurologic deficit can present as numbness, weakness, pain, atrophy of mus-
cles, or myelopathy. Deficits may worsen as adipocytes grow due to fat deposition 
in normal metabolic fat cells [139]. Intramedullary spinal cord lipomas are usually 
present in the thoracic spine, followed by the cervicothoracic junction, and less 
frequently as isolated cervical spine pathologies [142].

Diagnostic Imaging. MRI remains the most sensitive imaging modality for 
diagnosing intramedullary lipoma. Fat is hyperintense on T1, hypointense on T2, 
and does not enhance with contrast (Fig. 21.8). Fat suppression sequences can be 
performed to help differentiate fat from blood or calcification, which will remain 
hyperintense on T1 fat suppressed images.

a

b

c d

Fig. 21.8 Cervical spinal cord lipoma. True intramedullary lipomas are rare lesions. They tend to 
appear hyperintense on both T1 (a, b, c) and T2 (d)
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Pathology. Intramedullary lipomas are similar in pathology to extradural lipo-
mas in that they are comprised of mature adipocytes with no atypical cellular fea-
tures [142]. The cells grow in fibrous connective tissue. Other cells, such as muscle, 
bone, and neural tissue, may also be found within lipomas.

Surgical Intervention. Management strategy for spinal cord lipomas are tai-
lored to each individual patient. Oftentimes, observation is utilized when the lipoma 
is diagnosed incidentally. The lipoma can be observed for long periods of time until 
there is neurologic deterioration. When patients develop neurologic symptoms, spi-
nal decompression with subtotal resection is considered due to the risk of further 
neurologic decline from surgical removal of the tumor itself. The tumor is often 
adherent due to the “sticky” nature of adipocytes with surrounding neural tissue. 
Intraoperative ultrasound can be used to delineate the extent of the lesion as the 
lipoma is anechoic [139]. Lasers can also be used intraoperatively as the laser will 
vaporize the adipocytes due to their high water content. Intraoperative physiologic 
monitoring is recommended to achieve maximal safe resection.

Intraspinal lipomas can replace normal tissue during development instead of 
compressing it as in other neoplastic processes. Therefore, there is less redundancy 
in functional pathways and a greater chance of permanent neurologic injury after 
surgical resection [139]. It is also, therefore, cautioned that while observation is a 
valid option upfront, surgical decompression is recommended at early signs and 
symptoms of tumor growth before spinal cord damage occurs as it may be irrevers-
ible [139].

Reoperation may be necessary on remnant tumor, if symptoms reoccur due to 
hyperplasia of the adipocytes. Additionally, tethering of the cord may occur due to 
the adherent nature of the surgical cavity and also decreased movement of the cord 
in the dural sac due to the cord’s bulk prior to tumor removal [138].

Adjuvant Therapy. There are no studies in the literature advocating for adju-
vant therapy for intramedullary spinal cord lipomas. Intramedullary lipomas are 
slow growing tumors and, therefore, not good targets for radiation or 
chemotherapy.

21.6.4  Holocord Intramedullary Tumors

Introduction. This section is deals a phenomenon that can occur with different 
pathologies rather than with a specific tumor. The first report of a holocord tumor 
was made by Cushing in 1927; histology showed it was ependymoma. The inci-
dence of longitudinally extensive tumors involving the cervical, thoracic, and lum-
bar spine is very low (<1% of intramedullary lesions); hence, few studies in the 
literature exists on the management [57]. The agreed definition of holocord intra-
medullary tumor is for a lesion that harbors the majority of the spinal cord. It is 
acceptable that the approach should be established upon the treatment of other intra-
medullary tumors [86, 143].

Clinical Presentation. Presenting symptoms can be as for any other intramedul-
lary tumor. Yet in some cases, the decompensation of the neurological status can 
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affect several regions of the spinal cord at once, leading to diffuse deficits. Since in 
most of the cases the pathologies that tend to lead to holocord tumors are of low- 
grade tumors, patients tend to present late with large and extensive tumors.

Diagnostic Imaging. The main tool as for other intramedullary tumors is 
MRI.  The characteristics are similar to the non-holocord tumors but with the 
same histology. Large areas of cysts can be found in holocord tumors that can be 
indistinguishable from solid tumors on T2-weighted studies owing to high pro-
tein content (Fig. 21.9). Yet after gadolinium injection, these cysts do not enhance 
[144, 145].

Pathology. From the scant literature available on this topic, there is a wide vari-
ety of tumors that present as holocord tumors, including astrocytoma of different 
kinds, and ependymoma. In any case, the majority of the cases of low-grade tumors 
present with relatively favorable biological behavior.

Surgical Intervention. There is not enough literature to establish an evidence- 
based approach, yet most publications from programs with extensive experience in 
surgeries of the spinal cord advocate aggressive surgical resection of these lesions 
[57, 146]. Early treatment remains necessary in preventing further progression of 
symptoms and possibly to improve neurological function [59, 146–149]. However, 
there are additional challenges that face the surgeon performing the extensive resec-
tion required in removing a holocord tumor. Some of these challenges are related to 
potential surgeon fatigue, thus mandating multi-stage procedures [57, 150]. The 
staged procedure is advocate in cases in which there is extensive tumor (usually 
more than 15 spinal levels), and the patient has big body dimensions. The 

a b c

Fig. 21.9 Holocord intramedullary tumors. Large tumors that harbor the majority of the spinal 
cord and can be with different histology: (a) astrocytoma; (b, c) Ganglioglioma. The tumor can 
harbor large cysts that are very hard to distinguish on regular T2 weighted imaging, but will not 
enhanced on T1 after gadolinium injection
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advantages for staging are in focusing on a smaller lesion each time, which will cut 
down on anesthesia time, and this may result in a more complete resection. Surgeon 
fatigue should be taken into account as well, since the goal is to achieve gross total 
resection, while still preserving function. Long operations can hinder in achieving 
this goal. The two operations will typically entail a cervical operation and a thoracic 
operation [57]. Follow-up for these patients requires special attention to spinal 
deformity and instability due to the extensive bony opening needed for the initial 
surgery. This represents an increased source of morbidity for patients with holocord 
tumors.

Adjuvant Therapy. As written before, there is no clear established treatment 
paradigm for holocord tumors. Most oncologists will treat their patient according to 
the actual pathology regardless for the size of the tumor. Previous publications 
described the use of neoadjuvant radiotherapy but without any significant benefit 
[151]. More established practice is the use of adjuvant radiotherapy when gross total 
resection is not achieved. Recommendations are partially based on expert experi-
ence published as case series over the years, but it is based mainly on the treatment 
paradigm for the same non-holocord tumor histology. Hence, if gross total resection 
is achieved, most experts will recommend close follow-up without adjuvant treat-
ment. If the resection is partial and the pathology is favorable (e.g., pilocytic astro-
cytoma), most experts will recommend continued follow-up without treatment and 
redo surgery as needed to decompress the cord when symptoms ensued. The use of 
chemotherapy, like temozolomide, is anecdotal as well and were tested mainly in 
very young children in order to postpone radiation therapy or a more aggressive 
resection.

References

 1. Kopelson G, Linggood RM, Kleinman GM, Doucette J, Wang CC. Management of intra-
medullary spinal cord tumors. Radiology. 1980;135(2):473–9. https://doi.org/10.1148/
radiology.135.2.7367644.

 2. Abul-Kasim K, Thurnher MM, McKeever P, Sundgren PC.  Intradural spinal tumors: cur-
rent classification and MRI features. Neuroradiology. 2008;50(4):301–14. https://doi.
org/10.1007/s00234-007-0345-7.

 3. Jallo GI, Freed D, Epstein F. Intramedullary spinal cord tumors in children. Childs Nerv Syst. 
2003;19(9):641–9. https://doi.org/10.1007/s00381-003-0820-3.

 4. Mirone G, Cinalli G, Spennato P, Ruggiero C, Aliberti F.  Hydrocephalus and spinal 
cord tumors: a review. Childs Nerv Syst. 2011;27(10):1741–9. https://doi.org/10.1007/
s00381-011-1543-5.

 5. Arima H, Hasegawa T, Togawa D, Yamato Y, Kobayashi S, Yasuda T, Matsuyama Y. Feasibility 
of a novel diagnostic chart of intramedullary spinal cord tumors in magnetic resonance imag-
ing. Spinal Cord. 2014;52(10):769–73. https://doi.org/10.1038/sc.2014.127.

 6. Nakamizo T, Inoue H, Udaka F, Oda M, Kawai M, Uemura K, Takahashi M, Nishinaka K, 
Sawada H, Kameyama M, Koyama T. Magnetic resonance imaging of primary spinal intra-
medullary lymphoma. J Neuroimaging. 2002;12(2):183–6.

 7. Flanagan EP, O'Neill BP, Porter AB, Lanzino G, Haberman TM, Keegan BM. Primary intra-
medullary spinal cord lymphoma. Neurology. 2011;77(8):784–91. https://doi.org/10.1212/
WNL.0b013e31822b00b9.

21 Rare Spinal Cord Tumors

https://doi.org/10.1148/radiology.135.2.7367644
https://doi.org/10.1148/radiology.135.2.7367644
https://doi.org/10.1007/s00234-007-0345-7
https://doi.org/10.1007/s00234-007-0345-7
https://doi.org/10.1007/s00381-003-0820-3
https://doi.org/10.1007/s00381-011-1543-5
https://doi.org/10.1007/s00381-011-1543-5
https://doi.org/10.1038/sc.2014.127
https://doi.org/10.1212/WNL.0b013e31822b00b9
https://doi.org/10.1212/WNL.0b013e31822b00b9


424

 8. Duan XH, Ban XH, Liu B, Zhong XM, Guo RM, Zhang F, Liang BL, Shen J. Intraspinal prim-
itive neuroectodermal tumor: imaging findings in six cases. Eur J Radiol. 2011;80(2):426–31. 
https://doi.org/10.1016/j.ejrad.2010.06.005.

 9. Shen SH, Lirng JF, Chang FC, Lee JY, Luo CB, Chen SS, Teng MM, Chang CY. Magnetic 
resonance imaging appearance of intradural spinal lipoma. Zhonghua Yi Xue Za Zhi (Taipei). 
2001;64(6):364–8.

 10. Patwardhan V, Patanakar T, Patkar D, Armao D, Mukherji SK. MR imaging findings of intra-
medullary lipomas. AJR Am J Roentgenol. 2000;174(6):1792–3. https://doi.org/10.2214/
ajr.174.6.1741792.

 11. Kimura H, Nagatomi A, Ochi M, Kurisu K. Intracranial neurenteric cyst with recurrence and 
extensive craniospinal dissemination. Acta Neurochir (Wien). 2006;148(3):347–52.; discus-
sion 352. https://doi.org/10.1007/s00701-005-0714-0.

 12. Muzumdar D, Bhatt Y, Sheth J.  Intramedullary cervical neurenteric cyst mimicking an 
abscess. Pediatr Neurosurg. 2008;44(1):55–61. https://doi.org/10.1159/000110664.

 13. Menezes AH, Traynelis VC. Spinal neurenteric cysts in the magnetic resonance imaging era. 
Neurosurgery. 2006;58(1):97–105. discussion 197-105

 14. Hoeffel C, Boukobza M, Polivka M, Lot G, Guichard JP, Lafitte F, Reizine D, 
Merland JJ.  MR manifestations of subependymomas. AJNR Am J Neuroradiol. 
1995;16(10):2121–9.

 15. Patel U, Pinto RS, Miller DC, Handler MS, Rorke LB, Epstein FJ, Kricheff II. MR of spinal 
cord ganglioglioma. AJNR Am J Neuroradiol. 1998;19(5):879–87.

 16. Epstein FJ, Farmer JP, Freed D.  Adult intramedullary spinal cord ependymomas: the 
result of surgery in 38 patients. J Neurosurg. 1993;79(2):204–9. https://doi.org/10.3171/
jns.1993.79.2.0204.

 17. Morota N, Deletis V, Constantini S, Kofler M, Cohen H, Epstein FJ.  The role of motor 
evoked potentials during surgery for intramedullary spinal cord tumors. Neurosurgery. 
1997;41(6):1327–36.

 18. Tobin MK, Geraghty JR, Engelhard HH, Linninger AA, Mehta AI. Intramedullary spinal cord 
tumors: a review of current and future treatment strategies. Neurosurg Focus. 2015;39(2):E14. 
https://doi.org/10.3171/2015.5.FOCUS15158.

 19. Hirose T, Scheithauer BW, Lopes MB, Gerber HA, Altermatt HJ, VandenBerg 
SR.  Ganglioglioma: an ultrastructural and immunohistochemical study. Cancer. 
1997;79(5):989–1003.

 20. Khajavi K, Comair YG, Prayson RA, Wyllie E, Palmer J, Estes ML, Hahn JF. Childhood 
ganglioglioma and medically intractable epilepsy. A clinicopathological study of 15 
patients and a review of the literature. Pediatr Neurosurg. 1995;22(4):181–8. https://doi.
org/10.1159/000120899.

 21. Hamburger C, Büttner A, Weis S. Ganglioglioma of the spinal cord: report of two rare cases 
and review of the literature. Neurosurgery. 1997;41(6):1410–5. discussion 1415-1416

 22. Park CK, Chung CK, Choe GY, Wang KC, Cho BK, Kim HJ.  Intramedullary spinal cord 
ganglioglioma: a report of five cases. Acta Neurochir (Wien). 2000;142(5):547–52.

 23. Hall WA, Yunis EJ, Albright AL.  Anaplastic ganglioglioma in an infant: case report and 
review of the literature. Neurosurgery. 1986;19(6):1016–20.

 24. Wolf HK, Müller MB, Spänle M, Zentner J, Schramm J, Wiestler OD.  Ganglioglioma: a 
detailed histopathological and immunohistochemical analysis of 61 cases. Acta Neuropathol. 
1994;88(2):166–73.

 25. Blümcke I, Wiestler OD. Gangliogliomas: an intriguing tumor entity associated with focal 
epilepsies. J Neuropathol Exp Neurol. 2002;61(7):575–84.

 26. Kuten J, Kaidar-Person O, Vlodavsky E, Postovsky S, Billan S, Kuten A, Bortnyak-Abdah 
R.  Anaplastic ganglioglioma in the spinal cord: case report and literature review. Pediatr 
Neurosurg. 2012;48(4):245–8. https://doi.org/10.1159/000348556.

 27. Lang FF, Epstein FJ, Ransohoff J, Allen JC, Wisoff J, Abbott IR, Miller DC. Central nervous 
system gangliogliomas. Part 2: Clinical outcome. J Neurosurg. 1993;79(6):867–73. https://
doi.org/10.3171/jns.1993.79.6.0867.

N. Shimony et al.

https://doi.org/10.1016/j.ejrad.2010.06.005
https://doi.org/10.2214/ajr.174.6.1741792
https://doi.org/10.2214/ajr.174.6.1741792
https://doi.org/10.1007/s00701-005-0714-0
https://doi.org/10.1159/000110664
https://doi.org/10.3171/jns.1993.79.2.0204
https://doi.org/10.3171/jns.1993.79.2.0204
https://doi.org/10.3171/2015.5.FOCUS15158
https://doi.org/10.1159/000120899
https://doi.org/10.1159/000120899
https://doi.org/10.1159/000348556
https://doi.org/10.3171/jns.1993.79.6.0867
https://doi.org/10.3171/jns.1993.79.6.0867


425

 28. Satyarthee GD, Mehta VS, Vaishya S. Ganglioglioma of the spinal cord: report of two cases 
and review of literature. J Clin Neurosci. 2004;11(2):199–203.

 29. Oppenheimer DC, Johnson MD, Judkins AR.  Ganglioglioma of the Spinal Cord. J Clin 
Imaging Sci. 2015;5:53. https://doi.org/10.4103/2156-7514.166355.

 30. Louis DN, Perry A, Reifenberger G, von Deimling A, Figarella-Branger D, Cavenee WK, 
Ohgaki H, Wiestler OD, Kleihues P, Ellison DW.  The 2016 World Health Organization 
Classification of Tumors of the Central Nervous System: a summary. Acta Neuropathol. 
2016;131(6):803–20. https://doi.org/10.1007/s00401-016-1545-1.

 31. Horbinski C. To BRAF or not to BRAF: is that even a question anymore? J Neuropathol Exp 
Neurol. 2013;72(1):2–7. https://doi.org/10.1097/NEN.0b013e318279f3db.

 32. Wang JL, Hong CS, Otero J, Puduvalli VK, Elder JB. Genetic Characterization of a Multifocal 
Ganglioglioma Originating Within the Spinal Cord. World Neurosurg 96:608.e601-608.e604. 
2016; https://doi.org/10.1016/j.wneu.2016.09.063.

 33. Dougherty MJ, Santi M, Brose MS, Ma C, Resnick AC, Sievert AJ, Storm PB, Biegel 
JA. Activating mutations in BRAF characterize a spectrum of pediatric low-grade gliomas. 
Neuro Oncol. 2010;12(7):621–30. https://doi.org/10.1093/neuonc/noq007.

 34. Schindler G, Capper D, Meyer J, Janzarik W, Omran H, Herold-Mende C, Schmieder K, 
Wesseling P, Mawrin C, Hasselblatt M, Louis DN, Korshunov A, Pfister S, Hartmann C, 
Paulus W, Reifenberger G, von Deimling A. Analysis of BRAF V600E mutation in 1,320 
nervous system tumors reveals high mutation frequencies in pleomorphic xanthoastro-
cytoma, ganglioglioma and extra-cerebellar pilocytic astrocytoma. Acta Neuropathol. 
2011;121(3):397–405. https://doi.org/10.1007/s00401-011-0802-6.

 35. Johnson JH, Hariharan S, Berman J, Sutton LN, Rorke LB, Molloy P, Phillips PC. Clinical 
outcome of pediatric gangliogliomas: ninety-nine cases over 20 years. Pediatr Neurosurg. 
1997;27(4):203–7. https://doi.org/10.1159/000121252.

 36. Otsubo H, Hoffman HJ, Humphreys RP, Hendrick EB, Drake JM, Hwang PA, Becker 
LE, Chuang SH.  Detection and management of gangliogliomas in children. Surg Neurol. 
1992;38(5):371–8.

 37. Haddad SF, Moore SA, Menezes AH, VanGilder JC. Ganglioglioma: 13 years of experience. 
Neurosurgery. 1992;31(2):171–8.

 38. Kalyan-Raman UP, Olivero WC. Ganglioglioma: a correlative clinicopathological and radio-
logical study of ten surgically treated cases with follow-up. Neurosurgery. 1987;20(3):428–33.

 39. Johannsson JH, Rekate HL, Roessmann U. Gangliogliomas: pathological and clinical cor-
relation. J Neurosurg. 1981;54(1):58–63. https://doi.org/10.3171/jns.1981.54.1.0058.

 40. Lv G, Lu L, Dai Z. Paragangliomas of the Spine. Turk Neurosurg. 2017;27(3):401–7. https://
doi.org/10.5137/1019-5149.JTN.16276-15.1.

 41. Sundgren P, Annertz M, Englund E, Strömblad LG, Holtås S. Paragangliomas of the spinal 
canal. Neuroradiology. 1999;41(10):788–94.

 42. Mishra T, Goel NA, Goel AH.  Primary paraganglioma of the spine: A clinicopatho-
logical study of eight cases. J Craniovertebr Junction Spine. 2014;5(1):20–4. https://doi.
org/10.4103/0974-8237.135211.

 43. Böker DK, Wassmann H, Solymosi L.  Paragangliomas of the spinal canal. Surg Neurol. 
1983;19(5):461–8.

 44. Toyota B, Barr HW, Ramsay D.  Hemodynamic activity associated with a paraganglioma 
of the cauda equina. Case report. J Neurosurg. 1993;79(3):451–5. https://doi.org/10.3171/
jns.1993.79.3.0451.

 45. Kwan RB, Erasmus AM, Hunn AW, Dubey A, Waites P, Jessup PJ, Burgess JR, Beasley 
A.  Pre-operative embolisation of metastatic paraganglioma of the thoracic spine. J Clin 
Neurosci. 2010;17(3):394–6. https://doi.org/10.1016/j.jocn.2009.05.030.

 46. Kalani MA, Chang SD, Vu B.  Paraganglioma of the Filum Terminale: Case Report, 
Pathology and Review of the Literature. Cureus. 2015;7(10):e354. https://doi.org/10.7759/
cureus.354.

 47. Choi DY, Lee HJ, Shin MH, Kim JT. Solitary cervical neurenteric cyst in an adolescent patient. 
J Korean Neurosurg Soc. 2015;57(2):135–9. https://doi.org/10.3340/jkns.2015.57.2.135.

21 Rare Spinal Cord Tumors

https://doi.org/10.4103/2156-7514.166355
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.1097/NEN.0b013e318279f3db
https://doi.org/10.1016/j.wneu.2016.09.063
https://doi.org/10.1093/neuonc/noq007
https://doi.org/10.1007/s00401-011-0802-6
https://doi.org/10.1159/000121252
https://doi.org/10.3171/jns.1981.54.1.0058
https://doi.org/10.5137/1019-5149.JTN.16276-15.1
https://doi.org/10.5137/1019-5149.JTN.16276-15.1
https://doi.org/10.4103/0974-8237.135211
https://doi.org/10.4103/0974-8237.135211
https://doi.org/10.3171/jns.1993.79.3.0451
https://doi.org/10.3171/jns.1993.79.3.0451
https://doi.org/10.1016/j.jocn.2009.05.030
https://doi.org/10.7759/cureus.354
https://doi.org/10.7759/cureus.354
https://doi.org/10.3340/jkns.2015.57.2.135


426

 48. Yang T, Wu L, Fang J, Yang C, Deng X, Xu Y. Clinical presentation and surgical outcomes 
of intramedullary neurenteric cysts. J Neurosurg Spine. 2015;23(1):99–110. https://doi.
org/10.3171/2014.11.SPINE14352.

 49. Diaz-Aguilar D, Niu T, Terterov S, Scharnweber R, Tucker A, Woodard J, Brara H, Merna 
C, Shah H, Wang S, Rahman S. Neurenteric cyst of the conus medullaris. Surg Neurol Int. 
2018;9:33. https://doi.org/10.4103/sni.sni_315_17.

 50. Takahashi S, Morikawa S, Saruhashi Y, Matsusue Y, Kawakami M.  Percutaneous trans-
thoracic fenestration of an intramedullary neurenteric cyst in the thoracic spine with intra-
operative magnetic resonance image navigation and thoracoscopy. J Neurosurg Spine. 
2008;9(5):488–92. https://doi.org/10.3171/SPI.2008.9.11.488.

 51. Kwok DM, Jeffreys RV. Intramedullary enterogenous cyst of the spinal cord. Case report. J 
Neurosurg. 1982;56(2):270–4. https://doi.org/10.3171/jns.1982.56.2.0270.

 52. Riviérez M, Buisson G, Kujas M, Ridarch A, Mignon E, Jouannelle A, René-Corail 
P.  Intramedullary neurenteric cyst without any associated malformation. One 
case evaluated by RMI and electron microscopic study. Acta Neurochir (Wien). 
1997;139(9):887–90.

 53. Silvernail WI, Brown RB.  Intramedullary enterogenous cyst. Case report. J Neurosurg. 
1972;36(2):235–8. https://doi.org/10.3171/jns.1972.36.2.0235.

 54. Gomber S, Das DK, Rath B, Chadha V, Kapoor R, Saini L. Burkitt type lymphoma presenting 
as rapidly progressive proptosis. Indian Pediatr. 1989;26(3):296–300.

 55. Hasturk AE, Gokce EC, Elbir C, Gel G, Canbay S. A very rare spinal cord tumor primary 
spinal oligodendroglioma: A review of sixty cases in the literature. J Craniovertebr Junction 
Spine. 2017;8(3):253–62. https://doi.org/10.4103/jcvjs.JCVJS_1_17.

 56. Fountas KN, Karampelas I, Nikolakakos LG, Troup EC, Robinson JS. Primary spinal cord oli-
godendroglioma: case report and review of the literature. Childs Nerv Syst. 2005;21(2):171–
5. https://doi.org/10.1007/s00381-004-0973-8.

 57. Tobias ME, McGirt MJ, Chaichana KL, Goldstein IM, Kothbauer KF, Epstein F, Jallo 
GI.  Surgical management of long intramedullary spinal cord tumors. Childs Nerv Syst. 
2008;24(2):219–23. https://doi.org/10.1007/s00381-007-0405-7.

 58. Fortuna A, Celli P, Palma L. Oligodendrogliomas of the spinal cord. Acta Neurochir (Wien). 
1980;52(3-4):305–29.

 59. Cruz REH, De Roxas RC, Sales-Callangan CCA, Jamora RDG. Holocord oligodendroglioma 
with intracranial extension in a young adult: a case report and review of literature. CNS 
oncology. 2018;7(1):1–5. https://doi.org/10.2217/cns-2017-0012.

 60. Ushida T, Sonobe H, Mizobuchi H, Toda M, Tani T, Yamamoto H. Oligodendroglioma of 
the "widespread" type in the spinal cord. Childs Nerv Syst. 1998;14(12):751–5. https://doi.
org/10.1007/s003810050310.

 61. Nam DH, Cho BK, Kim YM, Chi JG, Wang KC.  Intramedullary anaplastic oligoden-
droglioma in a child. Childs Nerv Syst. 1998;14(3):127–30. https://doi.org/10.1007/
s003810050194.

 62. Bruzek AK, Zureick AH, McKeever PE, Garton HJL, Robertson PL, Mody R, Koschmann 
CJ. Molecular characterization reveals NF1 deletions and FGFR1-activating mutations in a 
pediatric spinal oligodendroglioma. Pediatric blood & cancer. 2017;64(6):e26346. https://
doi.org/10.1002/pbc.26346.

 63. Gilmer-Hill HS, Ellis WG, Imbesi SG, Boggan JE. Spinal oligodendroglioma with gliomato-
sis in a child. Case report. J Neurosurg. 2000;92(1 Suppl):109–13.

 64. Wang KC, Chi JG, Cho BK. Oligodendroglioma in childhood. Journal of Korean medical 
science. 1993;8(2):110–6. https://doi.org/10.3346/jkms.1993.8.2.110.

 65. Sharma S, Sarkar C, Gaikwad S, Suri A, Sharma MC. Primary neurocytoma of the spinal 
cord: a case report and review of literature. Journal of neuro-oncology. 2005;74(1):47–52. 
https://doi.org/10.1007/s11060-004-3348-9.

 66. Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Burger PC, Jouvet A, Scheithauer BW, 
Kleihues P. The 2007 WHO classification of tumours of the central nervous system. Acta 
Neuropathol. 2007;114(2):97–109. https://doi.org/10.1007/s00401-007-0243-4.

N. Shimony et al.

https://doi.org/10.3171/2014.11.SPINE14352
https://doi.org/10.3171/2014.11.SPINE14352
https://doi.org/10.4103/sni.sni_315_17
https://doi.org/10.3171/SPI.2008.9.11.488
https://doi.org/10.3171/jns.1982.56.2.0270
https://doi.org/10.3171/jns.1972.36.2.0235
https://doi.org/10.4103/jcvjs.JCVJS_1_17
https://doi.org/10.1007/s00381-004-0973-8
https://doi.org/10.1007/s00381-007-0405-7
https://doi.org/10.2217/cns-2017-0012
https://doi.org/10.1007/s003810050310
https://doi.org/10.1007/s003810050310
https://doi.org/10.1007/s003810050194
https://doi.org/10.1007/s003810050194
https://doi.org/10.1002/pbc.26346
https://doi.org/10.1002/pbc.26346
https://doi.org/10.3346/jkms.1993.8.2.110
https://doi.org/10.1007/s11060-004-3348-9
https://doi.org/10.1007/s00401-007-0243-4


427

 67. Li Z, Gao J, Wang T, Kong X, Guan J, Li Y.  Intramedullary central neurocytoma of the 
thoracic spinal cord: A case report and literature review. Molecular and clinical oncology. 
2018;8(4):544–8. https://doi.org/10.3892/mco.2018.1570.

 68. Tatter SB, Borges LF, Louis DN. Central neurocytomas of the cervical spinal cord. Report of 
two cases. J Neurosurg. 1994;81(2):288–93. https://doi.org/10.3171/jns.1994.81.2.0288.

 69. Ahmad Z, Din NU, Memon A, Tariq MU, Idrees R, Hasan S.  Central, Extraventricular 
and Atypical Neurocytomas: a Clinicopathologic Study of 35 Cases from Pakistan Plus a 
Detailed Review of the Published Literature. Asian Pacific journal of cancer prevention : 
APJCP. 2016;17(3):1565–70.

 70. Dodds D, Nonis J, Mehta M, Rampling R. Central neurocytoma: a clinical study of response 
to chemotherapy. Journal of neuro-oncology. 1997;34(3):279–83.

 71. Xu L, Ouyang Z, Wang J, Liu Z, Fang J, Du J, He Y, Li G. A clinicopathologic study of 
extraventricular neurocytoma. Journal of neuro-oncology. 2017;132(1):75–82. https://doi.
org/10.1007/s11060-016-2336-1.

 72. Gultekin SH, Dalmau J, Graus Y, Posner JB, Rosenblum MK. Anti-Hu immunolabeling as an 
index of neuronal differentiation in human brain tumors: a study of 112 central neuroepithe-
lial neoplasms. Am J Surg Pathol. 1998;22(2):195–200.

 73. Soylemezoglu F, Onder S, Tezel GG, Berker M. Neuronal nuclear antigen (NeuN): a new tool 
in the diagnosis of central neurocytoma. Pathol Res Pract. 2003;199(7):463–8. https://doi.
org/10.1078/0344-0338-00446.

 74. Sweiss FB, Lee M, Sherman JH.  Extraventricular neurocytomas. Neurosurg Clin N Am. 
2015;26(1):99–104. https://doi.org/10.1016/j.nec.2014.09.004.

 75. Brandes AA, Amista P, Gardiman M, Volpin L, Danieli D, Guglielmi B, Carollo C, Pinna G, 
Turazzi S, Monfardini S. Chemotherapy in patients with recurrent and progressive central 
neurocytoma. Cancer. 2000;88(1):169–74.

 76. Martin AJ, Sharr MM, Teddy PJ, Gardner BP, Robinson SF.  Neurocytoma of the tho-
racic spinal cord. Acta Neurochir (Wien). 2002;144(8):823–8. https://doi.org/10.1007/
s00701-002-0980-z.

 77. Stapleton SR, David KM, Harkness WF, Harding BN (1997) Central neurocytoma of the 
cervical spinal cord. Journal of neurology, neurosurgery, and psychiatry 63 (1):119

 78. Iwasaki M, Hida K, Aoyama T, Houkin K. Thoracolumbar intramedullary subependymoma 
with multiple cystic formation: a case report and review. European spine journal : official 
publication of the European Spine Society, the European Spinal Deformity Society, and 
the European Section of the Cervical Spine Research Society 22 Suppl 3:S317-320. 2013; 
https://doi.org/10.1007/s00586-012-2357-1.

 79. Yuh WT, Chung CK, Park SH, Kim KJ, Lee SH, Kim KT. Spinal Cord Subependymoma 
Surgery : A Multi-Institutional Experience. J Korean Neurosurg Soc. 2018;61(2):233–42. 
https://doi.org/10.3340/jkns.2017.0405.001.

 80. Rushing EJ, Cooper PB, Quezado M, Begnami M, Crespo A, Smirniotopoulos JG, Ecklund 
J, Olsen C, Santi M. Subependymoma revisited: clinicopathological evaluation of 83 cases. 
Journal of neuro-oncology. 2007;85(3):297–305. https://doi.org/10.1007/s11060-007-9411-6.

 81. Bi Z, Ren X, Zhang J, Jia W. Clinical, radiological, and pathological features in 43 cases of 
intracranial subependymoma. J Neurosurg. 2015;122(1):49–60. https://doi.org/10.3171/2014
.9.jns14155.

 82. Krishnan SS, Panigrahi M, Pendyala S, Rao SI, Varma DR.  Cervical Subependymoma: 
A rare case report with possible histogenesis. Journal of neurosciences in rural practice. 
2012;3(3):366–9. https://doi.org/10.4103/0976-3147.102630.

 83. Matsumoto K, Nakagaki H. Intramedullary subependymoma occupying the right half of the 
thoracic spinal cord--case report. Neurologia medico-chirurgica. 2002;42(8):349–53.

 84. Orakcioglu B, Schramm P, Kohlhof P, Aschoff A, Unterberg A, Halatsch ME. Characteristics 
of thoracolumbar intramedullary subependymomas. J Neurosurg Spine. 2009;10(1):54–9. 
https://doi.org/10.3171/2008.10.spi08311.

 85. Kremer P, Zoubaa S, Schramm P. Intramedullary subependymoma of the lower spinal cord. 
British journal of neurosurgery. 2004;18(5):548–51.

21 Rare Spinal Cord Tumors

https://doi.org/10.3892/mco.2018.1570
https://doi.org/10.3171/jns.1994.81.2.0288
https://doi.org/10.1007/s11060-016-2336-1
https://doi.org/10.1007/s11060-016-2336-1
https://doi.org/10.1078/0344-0338-00446
https://doi.org/10.1078/0344-0338-00446
https://doi.org/10.1016/j.nec.2014.09.004
https://doi.org/10.1007/s00701-002-0980-z
https://doi.org/10.1007/s00701-002-0980-z
https://doi.org/10.1007/s00586-012-2357-1
https://doi.org/10.3340/jkns.2017.0405.001
https://doi.org/10.1007/s11060-007-9411-6
https://doi.org/10.3171/2014.9.jns14155
https://doi.org/10.3171/2014.9.jns14155
https://doi.org/10.4103/0976-3147.102630
https://doi.org/10.3171/2008.10.spi08311


428

 86. Jallo GI, Zagzag D, Epstein F.  Intramedullary subependymoma of the spinal cord. 
Neurosurgery. 1996;38(2):251–7.

 87. Wu L, Yang T, Deng X, Yang C, Zhao L, Fang J, Wang G, Yang J, Xu Y. Surgical outcomes 
in spinal cord subependymomas: an institutional experience. Journal of neuro-oncology. 
2014;116(1):99–106. https://doi.org/10.1007/s11060-013-1256-6.

 88. Jang WY, Lee JK, Lee JH, Kim JH, Kim SH, Lee KH, Lee MC.  Intramedullary subep-
endymoma of the thoracic spinal cord. J Clin Neurosci. 2009;16(6):851–3. https://doi.
org/10.1016/j.jocn.2008.09.008.

 89. Borg M. Germ cell tumours of the central nervous system in children-controversies in radio-
therapy. Med Pediatr Oncol. 2003;40(6):367–74. https://doi.org/10.1002/mpo.10285.

 90. Hanakita S, Takenobu A, Kambe A, Watanabe T, Shin M, Teraoka A. Intramedullary recur-
rence of germinoma in the spinal cord 15 years after complete remission of a pineal lesion. J 
Neurosurg Spine. 2012;16(5):513–5. https://doi.org/10.3171/2012.2.spine11499.

 91. Ogawa K, Yoshii Y, Shikama N, Nakamura K, Uno T, Onishi H, Itami J, Shioyama Y, Iraha 
S, Hyodo A, Toita T, Kakinohana Y, Tamaki W, Ito H, Murayama S. Spinal recurrence from 
intracranial germinoma: risk factors and treatment outcome for spinal recurrence. Int J Radiat 
Oncol Biol Phys. 2008;72(5):1347–54. https://doi.org/10.1016/j.ijrobp.2008.03.055.

 92. Loya JJ, Jung H, Temmins C, Cho N, Singh H.  Primary spinal germ cell tumors: a case 
analysis and review of treatment paradigms. Case reports in medicine. 2013;2013:798358–6. 
https://doi.org/10.1155/2013/798358.

 93. Nikitovic M, Grujicic D, Skender Gazibara M, Stanic D, Bokun J, Saric M. Intramedullary 
Spinal Cord Germinoma: A Case Report and Review of Literature. World Neurosurg. 
2016;95:392–8. https://doi.org/10.1016/j.wneu.2016.08.039.

 94. Lu NH, Chen CY, Chou JM, Kuo TH, Yeh CH. MR imaging of primary spinal germinoma: 
a case report and review of the literature. J Neuroimaging. 2009;19(1):92–6. https://doi.
org/10.1111/j.1552-6569.2007.00214.x.

 95. Chute DJ, Burton EC, Klement IA, Frazee JG, Vinters HV. Primary intramedullary spinal 
cord germinoma: case report. Journal of neuro-oncology. 2003;63(1):69–73.

 96. Matsuyama Y, Nagasaka T, Mimatsu K, Inoue K, Mii K, Iwata H. Intramedullary spinal cord 
germinoma. Spine. 1995;20(21):2338–40.

 97. Watanabe A, Horikoshi T, Naganuma H, Satoh E, Nukui H. Intramedullary spinal cord ger-
minoma expresses the protooncogene c-kit. Acta Neurochir (Wien). 2005;147(3):303–8.; 
discussion 308. https://doi.org/10.1007/s00701-004-0450-x.

 98. Hanafusa K, Shibuya H, Abe M, Yamaura K, Suzuki S. Intramedullary spinal cord germi-
noma. Case report and review of the literature. RoFo : Fortschritte auf dem Gebiete der 
Rontgenstrahlen und der Nuklearmedizin. 1993;159(2):203–4. https://doi.org/10.105
5/s-2008-1032749.

 99. Wu L, Yang T, Deng X, Yang C, Fang J, Xu Y. Treatment strategies and long-term outcomes 
for primary intramedullary spinal germinomas: an institutional experience. Journal of neuro- 
oncology. 2015;121(3):541–8. https://doi.org/10.1007/s11060-014-1662-4.

 100. Yamagata T, Takami T, Tsuyuguchi N, Goto T, Wakasa K, Ohata K. Primary intramedullary 
spinal cord germinoma: diagnostic challenge and treatment strategy. Neurologia medico- 
chirurgica. 2009;49(3):128–33.

 101. Sawamura Y, Kato T, Ikeda J, Murata J, Tada M, Shirato H. Teratomas of the central nervous 
system: treatment considerations based on 34 cases. J Neurosurg. 1998;89(5):728–37. https://
doi.org/10.3171/jns.1998.89.5.0728.

 102. Liu Z, Lv X, Wang W, An J, Duan F, Feng X, Chen X, Ouyang B, Li S, Singh S, Qiu 
S.  Imaging characteristics of primary intracranial teratoma. Acta radiologica (Stockholm, 
Sweden : 1987). 2014;55(7):874–81. https://doi.org/10.1177/0284185113507824.

 103. Turan N, Halani SH, Baum GR, Neill SG, Hadjipanayis CG. Adult Intramedullary Teratoma 
of the Spinal Cord: A Case Report and Review of Literature. World Neurosurg 87:661.e623- 
630. 2016; https://doi.org/10.1016/j.wneu.2015.10.053.

 104. Arai Y, Takahashi M, Takeda K, Shitoto K.  Adult-onset intradural spinal teratoma in the 
lumbar spine: A case report. Journal of orthopaedic surgery (Hong Kong). 2000;8(2):69–74. 
https://doi.org/10.1177/230949900000800213.

N. Shimony et al.

https://doi.org/10.1007/s11060-013-1256-6
https://doi.org/10.1016/j.jocn.2008.09.008
https://doi.org/10.1016/j.jocn.2008.09.008
https://doi.org/10.1002/mpo.10285
https://doi.org/10.3171/2012.2.spine11499
https://doi.org/10.1016/j.ijrobp.2008.03.055
https://doi.org/10.1155/2013/798358
https://doi.org/10.1016/j.wneu.2016.08.039
https://doi.org/10.1111/j.1552-6569.2007.00214.x
https://doi.org/10.1111/j.1552-6569.2007.00214.x
https://doi.org/10.1007/s00701-004-0450-x
https://doi.org/10.1055/s-2008-1032749
https://doi.org/10.1055/s-2008-1032749
https://doi.org/10.1007/s11060-014-1662-4
https://doi.org/10.3171/jns.1998.89.5.0728
https://doi.org/10.3171/jns.1998.89.5.0728
https://doi.org/10.1177/0284185113507824
https://doi.org/10.1016/j.wneu.2015.10.053
https://doi.org/10.1177/230949900000800213


429

 105. Jian W, Ying W, Chao Y.  Intramedullary spinal teratoma of the conus medullaris: report 
of two cases. Acta Neurochir (Wien). 2010;152(3):553–4. https://doi.org/10.1007/
s00701-009-0466-3.

 106. Makary R, Wolfson D, Dasilva V, Mohammadi A, Shuja S. Intramedullary mature teratoma 
of the cervical spinal cord at C1-2 associated with occult spinal dysraphism in an adult. 
Case report and review of the literature. J Neurosurg Spine. 2007;6(6):579–84. https://doi.
org/10.3171/spi.2007.6.6.12.

 107. Moon HJ, Shin BK, Kim JH, Kwon TH, Chung HS, Park YK. Adult cervical intramedullary 
teratoma: first reported immature case. J Neurosurg Spine. 2010;13(2):283–7. https://doi.org
/10.3171/2010.3.spine09461.

 108. Monajati A, Spitzer RM, Wiley JL, Heggeness L. MR imaging of a spinal teratoma. Journal 
of computer assisted tomography. 1986;10(2):307–10.

 109. Allsopp G, Sgouros S, Barber P, Walsh AR.  Spinal teratoma: is there a place for adju-
vant treatment? Two cases and a review of the literature. British journal of neurosurgery. 
2000;14(5):482–8.

 110. Nonomura Y, Miyamoto K, Wada E, Hosoe H, Nishimoto H, Ogura H, Shimizu 
K. Intramedullary teratoma of the spine: report of two adult cases. Spinal Cord. 2002;40(1):40–
3. https://doi.org/10.1038/sj.sc.3101247.

 111. Koen JL, McLendon RE, George TM. Intradural spinal teratoma: evidence for a dysembryo-
genic origin. Report of four cases. J Neurosurg. 1998;89(5):844–51. https://doi.org/10.3171/
jns.1998.89.5.0844.

 112. Park SC, Kim KJ, Wang KC, Choe G, Kim HJ. Spinal epidural teratoma: review of spinal ter-
atoma with consideration on the pathogenesis: case report. Neurosurgery. 2010;67(6):E1818–
25. https://doi.org/10.1227/NEU.0b013e3181f846ca.

 113. Isik N, Balak N, Silav G, Elmaci I.  Pediatric intramedullary teratomas. Neuropediatrics. 
2008;39(4):196–9. https://doi.org/10.1055/s-0028-1112116.

 114. Roux A, Mercier C, Larbrisseau A, Dube LJ, Dupuis C, Del Carpio R. Intramedullary epi-
dermoid cysts of the spinal cord. Case report. J Neurosurg. 1992;76(3):528–33. https://doi.
org/10.3171/jns.1992.76.3.0528.

 115. Cataltepe O, Berker M, Akalan N. A giant intramedullary spinal epidermoid cyst of the cervi-
cothoracic region. Pediatr Neurosurg. 2004;40(3):120–3. https://doi.org/10.1159/000079853.

 116. Tekkok IH, Palaoglu S, Erbengi A, Onol B.  Intramedullary epidermoid cyst of the cervi-
cal spinal cord associated with an extraspinal neuroenteric cyst: case report. Neurosurgery. 
1992;31(1):121–5.

 117. Chandra PS, Manjari T, Devi BI, Chandramouli BA, Srikanth SG, Shankar SK. Intramedullary 
spinal epidermoid cyst. Neurology India. 2000;48(1):75–7.

 118. Falavigna A, Righesso O, Teles AR. Concomitant dermoid cysts of conus medullaris and 
cauda equina. Arquivos de neuro-psiquiatria. 2009;67(2a):293–6.

 119. Vadivelu S, Desai SK, Illner A, Luerssen TG, Jea A. Infected lumbar dermoid cyst mimicking 
intramedullary spinal cord tumor: Observations and outcomes. Journal of pediatric neurosci-
ences. 2014;9(1):21–6. https://doi.org/10.4103/1817-1745.131475.

 120. Guidetti B, Gagliardi FM. Epidermoid and dermoid cysts. Clinical evaluation and late surgi-
cal results. J Neurosurg. 1977;47(1):12–8. https://doi.org/10.3171/jns.1977.47.1.0012.

 121. Girishan S, Rajshekhar V. Rapid-onset paraparesis and quadriparesis in patients with intra-
medullary spinal dermoid cysts: report of 10 cases. Journal of neurosurgery Pediatrics. 
2016;17(1):86–93. https://doi.org/10.3171/2015.5.peds1537.

 122. Chan CT, Gold WL. Intramedullary abscess of the spinal cord in the antibiotic era: clinical fea-
tures, microbial etiologies, trends in pathogenesis, and outcomes. Clinical infectious diseases 
: an official publication of the Infectious Diseases Society of America. 1998;27(3):619–26.

 123. Simon JK, Lazareff JA, Diament MJ, Kennedy WA. Intramedullary abscess of the spinal cord 
in children: a case report and review of the literature. The Pediatric infectious disease journal. 
2003;22(2):186–92. https://doi.org/10.1097/01.inf.0000048910.19136.49.

 124. Morandi X, Mercier P, Fournier HD, Brassier G. Dermal sinus and intramedullary spinal cord 
abscess. Report of two cases and review of the literature. Childs Nerv Syst. 1999;15(4):202–
6. discussion 207-208

21 Rare Spinal Cord Tumors

https://doi.org/10.1007/s00701-009-0466-3
https://doi.org/10.1007/s00701-009-0466-3
https://doi.org/10.3171/spi.2007.6.6.12
https://doi.org/10.3171/spi.2007.6.6.12
https://doi.org/10.3171/2010.3.spine09461
https://doi.org/10.3171/2010.3.spine09461
https://doi.org/10.1038/sj.sc.3101247
https://doi.org/10.3171/jns.1998.89.5.0844
https://doi.org/10.3171/jns.1998.89.5.0844
https://doi.org/10.1227/NEU.0b013e3181f846ca
https://doi.org/10.1055/s-0028-1112116
https://doi.org/10.3171/jns.1992.76.3.0528
https://doi.org/10.3171/jns.1992.76.3.0528
https://doi.org/10.1159/000079853
https://doi.org/10.4103/1817-1745.131475
https://doi.org/10.3171/jns.1977.47.1.0012
https://doi.org/10.3171/2015.5.peds1537
https://doi.org/10.1097/01.inf.0000048910.19136.49


430

 125. Cha JG, Paik SH, Park JS, Park SJ, Kim DH, Lee HK. Ruptured spinal dermoid cyst with 
disseminated intracranial fat droplets. The British journal of radiology. 2006;79(938):167–9. 
https://doi.org/10.1259/bjr/17232685.

 126. Tufan K, Cekinmez M, Sener L, Erdogan B. Infected lumbar dermoid cyst presenting with tet-
raparesis secondary to holocord central lesion. Journal of child neurology. 2008;23(8):934–7. 
https://doi.org/10.1177/0883073808314961.

 127. Shah JR, Joshi V, Patkar D.  Dorsal dermal sinus with intramedullary abscess 
formation. Australasian radiology. 2007;51(Suppl):B205–9. https://doi.
org/10.1111/j.1440-1673.2007.01836.x.

 128. Wilson PE, Oleszek JL, Clayton GH. Pediatric spinal cord tumors and masses. J Spinal Cord 
Med. 2007;30(Suppl 1):S15–20.

 129. Patel MR, Tse V.  Diagnosis and staging of brain tumors. Seminars in roentgenology. 
2004;39(3):347–60.

 130. Suocheng G, Yazhou X. A review on five cases of intramedullary dermoid cyst. Childs Nerv 
Syst. 2014;30(4):659–64. https://doi.org/10.1007/s00381-013-2281-7.

 131. Houx L, Brochard S, Peudenier S, Dam Hieu P, Remy-Neris O. Recovery after tetraplegia 
caused by dermal sinus infection: intramedullary abscess and tetraparesis. Pediatric neurol-
ogy. 2011;44(3):229–32. https://doi.org/10.1016/j.pediatrneurol.2010.10.017.

 132. Stevens WW, Schlesinger ED.  Intramedullary epidermoid tumors of the thoracic spi-
nal cord. Report of two cases. J Neurosurg. 1968;29(3):296–9. https://doi.org/10.3171/
jns.1968.29.3.0296.

 133. Zavanone M, Guerra P, Rampini PM, Crotti F, Vaccari U. A cervico-dorsal intramedullary 
epidermoid cyst. Case report and review of the literature. Journal of neurosurgical sciences. 
1991;35(2):111–5.

 134. Biliciler B, Vatansever M, Fuat Erten S, Sarac K, Colak A. A huge intramedullary epidermoid 
cyst: mimicking cauda equina ependymoma. Diagnostic failure of myelography and myelo-
 CT. Journal of neurosurgical sciences. 1996;40(2):149–52.

 135. Martinez-Lage JF, Esteban JA, Poza M, Casas C. Congenital dermal sinus associated with an 
abscessed intramedullary epidermoid cyst in a child: case report and review of the literature. 
Childs Nerv Syst. 1995;11(5):301–5.

 136. Bristow RG, Laperriere NJ, Tator C, Milosevic M, Wong CS. Post-operative radiotherapy 
for recurrent dermoid cysts of the spine: a report of 3 cases. Journal of neuro-oncology. 
1997;33(3):251–6.

 137. CARAM PC, CARTON CA, SCARCELLA G. Intradural lipomas of the spinal cord; with 
particular emphasis on the intramedullary lipomas. J Neurosurg. 1957;14(1):28–42. https://
doi.org/10.3171/jns.1957.14.1.0028.

 138. Pang D, Zovickian J, Wong ST, Hou YJ, Moes GS.  Surgical treatment of complex spi-
nal cord lipomas. Childs Nerv Syst. 2013;29(9):1485–513. https://doi.org/10.1007/
s00381-013-2187-4.

 139. Meher SK, Tripathy LN, Jain H, Basu S.  Nondysraphic cervicomedullary intramedullary 
lipoma. J Craniovertebr Junction Spine. 2017;8(3):271–4. https://doi.org/10.4103/jcvjs.
JCVJS_130_16.

 140. Lee M, Rezai AR, Abbott R, Coelho DH, Epstein FJ. Intramedullary spinal cord lipomas. J 
Neurosurg. 1995;82(3):394–400. https://doi.org/10.3171/jns.1995.82.3.0394.

 141. Bhatoe HS, Singh P, Chaturvedi A, Sahai K, Dutta V, Sahoo PK (2005) Nondysraphic intra-
medullary spinal cord lipomas: a review. Neurosurg Focus 18 (2):Ecp1

 142. Ahmed O, Zhang S, Thakur JD, Nanda A.  Nondysraphic Intramedullary Cervical Cord 
Lipoma with Exophytic Component: Case Report. Journal of neurological surgery reports. 
2015;76(1):e87–90. https://doi.org/10.1055/s-0035-1547367.

 143. Grimm S, Chamberlain MC.  Adult primary spinal cord tumors. Expert Rev Neurother. 
2009;9(10):1487–95. https://doi.org/10.1586/ern.09.101.

 144. Houten JK, Weiner HL. Pediatric intramedullary spinal cord tumors: special considerations. 
Journal of neuro-oncology. 2000;47(3):225–30.

N. Shimony et al.

https://doi.org/10.1259/bjr/17232685
https://doi.org/10.1177/0883073808314961
https://doi.org/10.1111/j.1440-1673.2007.01836.x
https://doi.org/10.1111/j.1440-1673.2007.01836.x
https://doi.org/10.1007/s00381-013-2281-7
https://doi.org/10.1016/j.pediatrneurol.2010.10.017
https://doi.org/10.3171/jns.1968.29.3.0296
https://doi.org/10.3171/jns.1968.29.3.0296
https://doi.org/10.3171/jns.1957.14.1.0028
https://doi.org/10.3171/jns.1957.14.1.0028
https://doi.org/10.1007/s00381-013-2187-4
https://doi.org/10.1007/s00381-013-2187-4
https://doi.org/10.4103/jcvjs.JCVJS_130_16
https://doi.org/10.4103/jcvjs.JCVJS_130_16
https://doi.org/10.3171/jns.1995.82.3.0394
https://doi.org/10.1055/s-0035-1547367
https://doi.org/10.1586/ern.09.101


431

 145. Traul DE, Shaffrey ME, Schiff D. Part I: spinal-cord neoplasms-intradural neoplasms. Lancet 
Oncol. 2007;8(1):35–45. https://doi.org/10.1016/S1470-2045(06)71009-9.

 146. Epstein F, Epstein N. Surgical management of holocord intramedullary spinal cord astrocyto-
mas in children. J Neurosurg. 1981;54(6):829–32. https://doi.org/10.3171/jns.1981.54.6.0829.

 147. Pagni CA, Canavero S, Gaidolfi E.  Intramedullary "holocord" oligodendroglioma: case 
report. Acta Neurochir (Wien). 1991;113(1-2):96–9.

 148. Vles JS, Grubben CP, van Ooy A, Weil EH. Holocord astrocytomas in childhood. Clinical 
neurology and neurosurgery. 1990;92(4):361–4.

 149. Chacko AG, Chandy MJ. Favorable outcome after radical excision of a 'Holocord' astrocy-
toma. Clinical neurology and neurosurgery. 2000;102(4):240–2.

 150. Benzel EC, Mirfarkhraee M, Hadden T, Fowler M. Holocord astrocytoma: a two-staged oper-
ative approach. Spine. 1987;12(8):746–9.

 151. Schittenhelm J, Ebner FH, Tatagiba M, Wolff M, Nagele T, Meyermann R, Mittelbronn 
M. Holocord pilocytic astrocytoma--case report and review of the literature. Clinical neurol-
ogy and neurosurgery. 2009;111(2):203–7. https://doi.org/10.1016/j.clineuro.2008.09.014.

21 Rare Spinal Cord Tumors

https://doi.org/10.1016/S1470-2045(06)71009-9
https://doi.org/10.3171/jns.1981.54.6.0829
https://doi.org/10.1016/j.clineuro.2008.09.014


433© Springer Nature Switzerland AG 2019
K. I. Arnautović, Z. L. Gokaslan (eds.), Spinal Cord Tumors, 
https://doi.org/10.1007/978-3-319-99438-3_22

M. Pojskić 
Department of Neurosurgery, University of Marburg, Marburg, Germany 

K. I. Arnautović (*) 
Semmes Murphey, Memphis, TN, USA 

Department of Neurosurgery, University of Tennessee Health Science Center,  
Memphis, TN, USA

22Dumbbell Tumors of the Spine

Mirza Pojskić and Kenan I. Arnautović

22.1  Definition

The term “dumbbell tumor” was initially introduced by Heuer in 1929 to describe 
spinal tumors that acquire an hourglass shape as they encounter an anatomic barrier, 
such as dura mater, a nerve-root foramen, or other bony elements, as they grow 
[1–3]. Spinal tumors with significant intraspinal and paravertebral involvement are 
classified into four types based on the location of the tumor: intramedullary, intra-
dural extramedullary, epidural, and dumbbell-shaped [4]. Dumbbell tumors can be 
assigned to various groups according to the constricting structure and other details 
of tumor location [5]. These days, the term “dumbbell tumor” does not refer to the 
hourglass shape, but rather acts as a stand-in conceptual term referring to separate 
tumors that connect and comprise two or more separate regions, such as the intradu-
ral or epidural space, or locations outside the spinal canal [6].

Schwannoma and meningioma are the two most common intradural spinal 
tumors. Ninety percent of spinal dumbbell tumors are schwannomas [4], and up to 
33% of schwannomas have a dumbbell form [7]. Multiple schwannomas more fre-
quently represent a clinical manifestation of neurofibromatosis type 2 [8]. Non- 
schwannoma non-neurofibroma dumbbell tumors of the spinal cord include 28 
different pathological entities: hemangioma [9, 10]; meningioma [11]; malignant 
peripheral nerve sheath tumors [12]; neurogenic paravertebral tumors with origin 
from neurogenic elements within the thorax [13], including neuroblastoma [14], 
ganglioneuroblastoma [14], and ganglioneuroma [15]; hemangioblastoma [16]; 
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liposarcoma [17]; lipoblastoma [18]; angiomatosis [19]; angiolipoma [20]; rhabdo-
myosarcoma [6]; spine extraosseous chordoma (SEC) [21]; mesenchymal chondro-
sarcoma [22]; soft tissue chondroma [23]; osteochondroma [24]; malignant glomus 
tumor [25]; malignant solitary fibrous tumor [26]; plasmacytoma [27]; metastasis 
[28]; Ewing sarcoma [29]; atypical teratoid rhabdoid tumor [30]; lymphoma [31]; 
lymphangioma [32]; meningeal melanocytoma [33]; small cell malignant tumor 
[34]; and peripheral primitive neuroectodermal tumor (PNET) [35]. In addition, 
malignant dumbbell tumors accounted for 64% of cases in pediatric patients and 
2.8% in adult patients [6].

22.2  Epidemiology

In large series of spinal cord tumors, the incidence of dumbbell shaped lesions var-
ies between 6% [3] and 24% [2, 6–8, 36, 37]. There is a significantly higher rate in 
the cervical spine of up to 44% [6].

22.3  Classification

The first classification of dumbbell tumors was the Eden Classification, which 
served as the gold standard for decades [2]. Eden designated four cross-sectional 
configurations for dumbbell tumors in 1958, a time at which neither computed 
tomography (CT) nor magnetic resonance imaging (MRI) had been developed 
(Fig. 22.1). Although this is a morphological as opposed to a surgical classification, 
it was postulated that Type I, II and III tumors can be operated on through a poste-
rior route, and that the anterior approach is appropriate for Eden Type IV tumors. In 
cases of Type II and III tumors (i.e., the extraspinal component of the tumor com-
presses and shifts the vertebral artery and extends anteriorly beyond the vertebral 
artery), combined anterior and posterior approaches can be considered [38]. One 
series of 118 cases showed that Type III tumors were the most frequent type (53%) 
followed by Type II (33%), Type I (9%), and Type IV (5%) [6].

There are seven other classifications of dumbbell tumors, in addition to the Eden 
Classification. Liu et al. introduced an anatomic classification of dumbbell tumors 
in 2017 [34]. The largest transverse section of the tumor was divided into four areas; 
each area needed different surgical procedures. A modification of the Eden classifi-
cation due to CT and MRI advances was provided by Toyama et al. [39]. In addition 
to an axial configuration, Toyama et al. categorized dumbbell tumors in an imaging- 
based anatomic 3-dimensional classification according to the number of interverte-
bral and transverse foramina involved for each tumor, which was better suited for 
surgical planning [5]. Special sub-classifications for cervical dumbbell tumors of 
the spine were developed by Hiramatsu [40], which classified both the horizontal 
and craniocaudal spread of dumbbell tumors. Jiang et al. developed the so-called 
Peking University Third Hospital (PUTH) anatomical classification of the cervical 
dumbbell tumors in 2009 [41], which differentiated between erosive or compressive 
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bony change. This classification included intraspinal lesions in front of the spinal 
cord, and standardized surgical procedures according to category. Sridhar et al. pro-
posed a 5-type classification system that was limited to giant invasive dumbbell 
spinal schwannomas [42]. Modifications of the Shridhar et al. classification were 
provided by Park et al. [43] and Kotil et al. [44].

22.4  Differential Diagnosis

22.4.1  Symptoms

Presentation of spinal dumbbell tumors depends on the size and location of the 
tumor. Most patients with spinal dumbbell tumors present with similar symptoms, 
regardless of the underlying pathology. Non-radicular pain is a common symptom, 

a b

c d

Fig. 22.1 Eden Classification of the dumbbell tumors of the spine. (a) Type 1: intradural and 
extradural. (b) Type 2: intradural, extradural, and paravertebral. (c) Type 3: intradural and paraver-
tebral. (d) Type 4: Foraminal and Paravertebral
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followed by sensory deficits and gait disturbances, radiculopathy, motor weakness, 
ambulation, and bowel and bladder-function impairment [45, 46]. Non-radicular 
pain can persist through the follow-up, while radiculopathy tends to completely 
resolve following surgery [46]. Extraforaminal thoracic giant dumbbell tumors 
(e.g., giant schwannomas) can compress the lungs and vascular structures, and giant 
lumbosacral tumors can compress abdominal and visceral structures, resulting in 
urination problems and constipation [47]. Furthermore, tumors that are located in 
the cauda equina can cause vertebral erosion, resulting in instability and pain [47]. 
Vascular lesions can present with bleeding that mimics spinal subarachnoid hemor-
rhage or leads to progressive neurological deficits [48, 49]. Known primary tumor 
in the patient history could indicate the presence of metastasis. In pediatric patients, 
rare childhood tumors—like neuroblastoma, ganglioneuroma, atypical rhabdoid 
theratoid tumor, Ewing sarcoma, or lymphoma—should be taken into consider-
ation. Multiple schwannomas can indicate the presence of neurofibromatosis type 2. 
Dumbbell tumors among pediatric aged patients are more likely to be malignant 
than among adult patients [6].

22.4.2  Radiological Presentation

More than half of dumbbell tumors are completely restricted to the extradural space, 
although preoperative MRI in some cases suggests the presence of intradural/extra-
dural tumors [50, 51]. A wide variety of unusual lesions, which can cause neural 
foraminal widening, need to be taken into consideration, including the following: 
neoplastic lesions, such as benign/malign peripheral nerve sheath tumors (PNSTs), 
solitary bone plasmacytoma (SBP), chondroid chordoma, superior sulcus tumor, 
and metastasis; and non-neoplastic lesions, such as infectious process (tuberculosis, 
hydatid cyst), aneurysmal bone cyst (ABC), synovial cyst, traumatic pseudomenin-
gocele, arachnoid cyst, or vertebral artery tortuosity [52].

It is often impossible to differentiate between dumbbell-shaped schwannoma, 
meningioma, or vascular lesion. MRI yields no definitive findings—both neuro-
genic tumors and hemangiomas are isointense-to-hypointense in T1 imaging, and 
homogeneously hyperintense in T2 imaging [53]. Regular enhancement is seen 
upon gadolinium administration. As a general rule, a schwannoma diagnosis should 
be made when a spinal intradural extramedullary tumor shows hyperintensity on 
T2-weighted imaging or intense enhancement without dural tail sign; otherwise 
meningioma is a more probable diagnosis [54]. Positive predictors of meningiomas 
are the dural tail-sign on contrast-enhanced T1-weighted imaging and calcification 
on CT scans [55]. For schwannomas, fluid signal intensity of the tumor on 
T2-weigthed imaging, rim enhancement on T1-weigthed imaging with gadolinium- 
diethylenetriamine pentaacetic acid (Gd-DTPA), and bone scalloping on CT scans 
with bone windows are predictive factors [55]. One characteristic of spinal menin-
giomas is the so called “gingko leaf sign” [56] seen on axial post-contrast T1 imag-
ing: the distorted spinal cord pushed to one side of the theca by the meningioma 
depicts the “leaf”-shape, and the stretched dentate ligament depicts the p “stem” of 
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the leaf (seen as a non-enhancing “streak”) [56]. In large tumors, cystic and necrotic 
zones can be observed [57]. Intracranial schwannomas are more likely to accom-
pany spinal schwannomas [57], which is one reason for why we recommend MRI 
of the head and total spine prior to surgery.

Vascular lesions are particularly important when making a differential diagnosis 
since they can present with bleeding [48]. It is also important to take vascular tumor 
in consideration when planning surgery. A cavernous hemangioma should be 
included in the differential diagnosis of dumbbell-shaped spinal tumors when the p 
intervertebral foramina is not highly dilated and a non-enhanced nerve root is iden-
tified in the tumor with a lobular contour [58]. One of the signs most indicative of 
hemangioblastoma is the presence of blood flow voids on T2-weighted MRI [59].

Differentiation between benign and malignant lesions on MRI could be made 
using dumbbell scoring system [27]. Tumors larger than 5 cm or that increase in size 
on follow-up, irregular boundaries with perilesional edema, irregularly lobulated 
shaped, and osteolytic p bone destruction could point to a malignant lesion [27] and 
could be important in decision-making and for indications for a biopsy. The occur-
rence of paraspinal infiltration along the muscle fascicles suggests the possibility of 
lymphoma, which can be decisive in treatment since lymphomas are extremely 
chemo-sensitive and radiosensitive [60].

We recommend CT studies in all cases in which bony erosions are suspected. 
The extent of widening and erosion of one or more neuroforamina can provide 
insight into the instability of the spine and the need for stabilization following resec-
tion. Bony erosions can result from large benign tumors due to the compression 
effect of the tumor, but also due to aggressive malignant neoplasms. In most cases, 
the bony change is simply compressive with the widened intervertebral foramen 
[41]. However, in some special cases, the tumor erodes the p vertebral body, the 
facet joint, or—less commonly—the lamina. Sometimes the tumor makes small but 
deep nidus in the bone. In these two circumstances, radical bony lesion resection is 
mandatory; a less aggressive bone lesion resection could lead to tumor recurrence 
[41]. Standard X-ray images, including anterior-posterior (AP), lateral, and flexion 
and extension dynamic X-ray evaluation should always be performed prior to sur-
gery in order to a) help localize the segment where the surgery is going to be per-
formed, and b) assess instability p with functional X-ray, especially in cervical 
spine.

22.5  Specific Pathological Entities in the Spine which  
can Present as Dumbbell Tumors

22.5.1  Schwannomas and Neurofibromas

Approximately 90% of schwannomas are solitary and sporadic; 4% arise in patients 
with neurofibromatosis type 2, and another 5% are multiple but unassociated with 
neurofibromatosis type 2 [61]. The vast majority of spinal schwannomas develops 
from the dorsal roots and is intradural. Dumbbell schwannomas have been reported 
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as a separate group of spinal tumors, which characteristically involve both the intra-
dural and the extradural compartments, occupying the intervertebral foramen, and 
more frequently located in the cervical spine [6, 62]. Giant schwannomas always 
have an extraspinal part with widening of the neuroforamen, which makes them 
dumbbell-shaped tumors. The surgical method should be tailored to each individual 
case (Figs. 22.2, 22.3, 22.4 and 22.5 demonstrate two cases of dumbbell schwan-
nomas of the cervical spine operated on by the senior author of this chapter [KIA]. 
Details of the surgical resection of cervical dumbbell schwannoma are contained in 
the surgical video section of the online edition of this manuscript.) Spinal nerve 
sheath tumors showing an intradural location can be resected via a posterior stan-
dard or via a unilateral approach with modifications, such as partial facetectomy or 
a spinal cord rotation technique with resection of the dentate ligament [63]. 
Extradural dumbbell extension exposure of the tumor along the surgical plane of the 
dural or perineural boundary (particularly originating from the C1 or C2 level) is the 
key procedure required to accomplish radical and safe resection of the tumor with 
use of anterior access in selected cases [63].

Spinal extradural schwannomas are a distinct pathological entity of dumbbell 
schwannomas and can be distinguished from other nerve sheath tumors growing 
inside the spinal canal by their clinicoradiological features, including large tumor 
size with erosion of the vertebral body and an unlikely nerve root origin. 
Schwannomas tend to occur in thoracic and lumbar areas, and neurofibromas are 
usually associated with neurofibromatosis type 1 and tend to occur in the cervical 
area [45, 64]. In dumbbell neurofibroma cases, the majority of the nerve fibers are 
entrapped within tumoral tissue. It is frequently impossible to remove the tumor 
without sacrificing the nerve root; aggressive surgery may, therefore, result in severe 
neurological deficits [65, 66]. Neurofibromas were associated with higher rates of 
recurrence and lower rates of gross total resection than other tumor types, particu-
larly in patients with neurofibromatosis types 1 or 2 [45].

22.5.2  Meningioma

Meningiomas compose up to 5% of spinal dumbbell tumors and are an important 
entity in differential diagnosis [6]. Dumbbell meningiomas probably originate from 
the arachnoid villi at the nerve root exits [4]. They are mostly located intradurally 
but occasionally exhibit an extravertebral extension with a dumbbell-shaped form 
[4, 67, 68]. The meningioma’s extravertebral extension could include tumor growth 
through the intervertebral foramina, but usually only to a minor extent [69]. Because 
there is little intraspinal space for tumor growth, a meningioma at this location is 
prone to grow through the dura and, subsequently, to the extradural/extravertebral 
space [70]. The most common location seems to be the thoracic spine as there are 
several reports of thoracic dumbbell meningiomas resected with a combined poste-
rior and thoracoscopic approach [11] or with additional thoracotomy [67]. Cases of 
dumbbell meningiomas in the cervical spine were also described [69, 71]. (Fig. 22.6 
demonstrates a case of dumbbell meningioma of cervical spine operated by the 
senior author [KIA]).
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a

b

c

Fig. 22.2 Imaging of an 84-year-old female patient with left-sided radiculopathy and mild quadri-
paresis. She was diagnosed with a left-sided C3/4 dumbbell tumor (asterisk). The tumor was fol-
lowed for 3 years where it showed progressive growth. (a) Initial T2-weighted axial MRI of the 
cervical spine showing homogeneously hyperintense dumbbell lesion in C3/4 foramen on the left 
side. (b) T2-weighted axial MRI of the cervical spine at 1-year follow up showing progressive 
growth of the extraspinal tumor component. Since the patient was clinically stable, surgery was not 
indicated. (c) Axial T1-postcontrast MRI of the cervical spine at 3-year follow-up showing dumb-
bell lesion with intense contrast enhancement and progressive intraspinal tumor growth with com-
pression of the spinal cord and myelopathy. At this point, the patient had worsening quadriparesis
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22.5.3  Vascular Lesions

Capillary hemangiomas are benign vascular malformations most often found in 
the skin or soft tissue throughout the body of younger patients. They are histologi-
cally characterized by nodules of capillary-sized vessels lined with flattened endo-
thelium, and often regress spontaneously. There have been more than 40 intradural 

a b

c d

Fig. 22.3 Imaging of gross total resection of dumbbell lesion in left C3/4 neuroforamen via the 
posterior approach with laminectomy and unilateral facetectomy. The pathohistological diagnosis 
confirmed the diagnosis of schwannoma WHO I. Additional stabilization with lateral mass screws 
C2–5 was performed. (a) Preoperative sagittal T2-weighted MRI of the cervical spine showing an 
intradural homogenously hyperintense extramedullary tumor at C3/4 (arrow). (b) Postoperative 
sagittal T2-weighted MRI of the cervical spine showing complete resection of the tumor without 
any signs of myelopathy. (c) Preoperative axial T1-weighted post-contrast MRI of the C3/4 level 
showing the intraspinal and extraspinal expansion of the schwannoma with homogenous contrast 
enhancement (asterisk). (d) Postoperative axial T2-weighted MRI of the C3/4 level showing no 
sign of remaining tumor
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Fig. 22.4 Imaging of a 33-year-old patient with left arm numbness and weakness. (a) Preoperative 
sagittal and (b) axial T2-weighted MRI of the cervical spine showing hyperintense dumbbell 
tumor with (c) sagittal and (d) axial T1-weighted post-contrast MRI of the cervical spine demon-
strating dumbbell tumor (arrow) with homogenous contrast enhancement at C7/T1 on the left side

spinal capillary hemangiomas described in the literature [72]. Extradural-only cases 
with spinal cord compression have also been described [10, 73], as well as cavern-
ous hemangiomas with both intradural and extradural growth [9]. The majority of 
extradural cavernous hemangiomas are composed of an extension from a vertebral 
hemangioma into the spinal canal with extradural-only locations representing 1–2% 
of spinal hemangiomas [74]. These tumors commonly affect the vertebral bodies 
and extend into the epidural space, and are less commonly found within the thoracic 
cavity [75, 76]. Typical CT findings for hemangioma are lobulation, heterogeneous 
enhancement with contrast media, multiple ring-like calcifications, and an intact 
intervertebral foramen when the tumor extends to the spinal canal; however, these 
findings are not always observed [77]. On MRI, both neurogenic tumors and hem-
angiomas are isointense-to-hypointense on T1 images, and homogeneously hyper-
intense in T2 images [53]. They are usually presented as a progressive myelopathy, 
so early treatment may prevent permanent neurological deficits. Endovascular 
embolization has been recently used to remove a hemangioma, successfully mini-
mizing blood loss during the operation. However, this management carries a risk of 
spinal infarction [78].
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Gross total resection is the preferred treatment for these lesions. In the thoracic 
spine there are several approaches: a posterior approach, a posterior approach with 
thoracotomy, a thoracoscopic approach, and a combined posterior approach with 
thoracoscopy. Some authors suggest performing thoracotomy before posterior sur-
gery because it allows for ligation of the involved arteries and prevents bleeding in 
the spinal canal [79]. Management of intraoperative bleeding and sufficient hemo-
stasis are the pitfalls of successful surgery of these lesions. Details of the surgical 
resection of dumbbell hemangiomas are described in the surgical video section of 
the online edition of this manuscript. (Figs. 22.7 and 22.8. demonstrate the case of 
dumbbell hemangioma of the thoracic spine depicted in our surgical video in which 
the patient underwent a 2-stage procedure of intraspinal resection by the senior 
author (KIA) followed by thoracoscopic resection of the intrathoracic part of the 
tumor.

Hemangioblastomas located extradurally account for 8–12% of all spinal 
hemangioblastomas. They are more prevalent in patients with Von-Hippel Lindau 
disease [49]. There are several case reports describing these lesions. It is 
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Fig. 22.5 Imaging of tumor gross total resection via posterior approach with unilateral facetec-
tomy. The pathohistological diagnosis was schwannoma WHO I. (a) Postoperative sagittal and (b) 
axial T2-weighted MRI of the cervical spine with (c) sagittal and (d) axial T1-weighted post- 
contrast MRI of the cervical spine demonstrating complete resection of the tumor. Additional sta-
bilization was unnecessary. Arrow shows abdominally harvested fat graft applied to dural suture in 
order to prevent cerebrospinal fluid leak
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Fig. 22.6 Imaging of a 24-year-old female with quadriparesis and T1 sensory level, inability to 
walk, and intermittent urinary incontinence. (a) Preoperative T2-weighted sagittal MRI of the 
cervical spine demonstrating intradural extramedullary tumor with (b) homogenous contrast 
enhancement in sagittal T1-weighted post-contrast series and (c). axial T1-weighted post-contrast 
MRI of the cervical spine showing the dumbbell form of the tumor (arrows). The tumor underwent 
gross total resection via the posterior approach with laminectomy at C6/7 with unilateral facetec-
tomy. The pathohistological diagnosis was meningioma. Additional stabilization of the C6/7 seg-
ment was performed. Postoperative (d, e) sagittal and (f ) axial T2-weighted MRI of the cervical 
spine showing complete resection of meningioma. The patient fully recovered

recommended that resection of hemangioblastomas arising in the cervical spine be 
done via the lateral approach, which provides control of the vascular feeders [16]. 
Hemangioblastomas can also manifest subarachnoid hemorrhages in the cauda 
equine [49]. To avoid excessive blood loss, preoperative embolization and angiog-
raphy to confirm the location of main feeder should be considered when hemangio-
blastoma is suspected. To prevent massive hemorrhage during surgery, early 
identification of feeders and blood flow direction with extracapsular resection needs 
to be carried out [49].

22.5.4  Paravertebral Neurogenic Tumors with  
Intraspinal Extension

Because the paravertebral space is rich in neurogenic tissue, primary neurogenic 
tumors originating here are the most common types of tumors, representing 90% of 
primary tumors of the posterior mediastinum, 63% of the retroperitoneal space, and 
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Fig. 22.7 Imaging of a 78-year-old patient with progressive paraparesis and ataxia of the thoracic 
spine. (a) T2 weighted sagittal sequence showing the hyperintense intraspinal tumor T3–5; (b) 
postcontrast T1-weighted sagittal sequences showing homogenous enhancement of the tumor; (c, 
d, e) postcontrast T1-weighted axial sequences revealing dumbbell-shaped tumor extending intra-
spinally with displacement of the spinal cord to the right and growth through the intervertebral 
foramen of T4 into the left middle thorax. Note the lobular contour of the mass, which can be a clue 
to the diagnosis of hemangioma (arrows)

Fig. 22.8 Further imaging of the 78-year-old patient undergoing a single 2-stage surgery, which 
included posterior microsurgical and transthoracic endoscopic resection of the tumor. For the pos-
terior approach, a partial hemilaminectomy and facetectomy with partial costotransversectomy 
was performed, which revealed a highly vascular epidural tumor with spinal cord compression 
extending into the neuroforamen. Gelfoam powder (Pfizer, New York, NY) and extensive coagula-
tion were used for hemostasis of this vascular tumor. The intraspinal epidural part of the tumor was 
completely resected with foraminotomy. A fat pad (arrow) was placed in the foramen as a marker 
for the extent of the thoracoscopic procedure. Second stage surgery included thoracoscopic resec-
tion of the extraforaminal part of the tumor. The fat pad was visualized endoscopically in the 
neuroforamen at the end of the resection providing an important orientation. Histopathological 
evaluation revealed capillary hemangioma. Postoperative MRI of the thoracic spine: (a) 
T2-weighted sagittal sequence showing the complete resection of the tumor; (b, c) T2-weighted 
axial sequences; (d) postcontrast T1-weighted axial sequence showing no signs of contrast 
enhancement; and (e) postcontrast T1-weighted axial sequence
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10% of the neck [80]. The most common pathological type for patients age 2 year 
or younger is neuroblastoma of the suprarenal gland or paraganglionic retroperito-
neal sympathetic tissue, while the most common type for adults is schwannoma in 
the retroperitoneal space or posterior mediastinum [8, 81]. Neurogenic tumors, 
especially neuroblastoma and extradural schwannoma [82] in the paravertebral gut-
ter, have a predilection to spread through the intervertebral foramen to inside the 
spinal canal (i.e., forming a dumbbell-shaped tumor), which causes myelopathy due 
to either direct or indirect compression on the spinal cord [83, 84]. Ganglioneuroma 
is a rare, differentiated, benign, and slow-growing tumor that commonly arises from 
sympathetic ganglion cells. In rare cases, they can grow through the intervertebral 
foramina and present with a dumbbell shape. Most of these tumors are retroperito-
neal and are more common in children and young adults [85]. On CT, these tumors 
show punctuate calcifications in pre-sacral region and sometimes present with 
extensive osteolytic bone destruction of the sacrum [86].

22.6  Malignant Spinal Dumbbell Tumors

22.6.1  Metastasis

A differential diagnosis of leptomeningeal metastasis includes ruling-out a wide 
range of malignant and benign conditions, such as congenital and degenerative 
lesions, infectious and autoimmune diseases, and neurinoma [8]. The radiologic 
distinction between metastases and neurinomas is based primarily on definite neu-
roimaging features, particularly the number of lesions, size and growth pattern [87]. 
Whereas metastases are often encountered as multiple small nodules at lower spinal 
structures (e.g., the cauda equina)—presumably—due to gravity, neurinomas appear 
as single lesions in the neuroforamen and might present at any height [8]. The clini-
cal presentation of leptomeningeal metastases depends on the location and growth-
pattern often resulting in general symptoms, such as nausea and headaches due to 
interruption of the cerebrospinal fluid (CSF) flow and, later signs of myelopathy due 
to compression of the spinal cord [87]. In patients with breast cancer, overall sur-
vival with current treatments remains limited to less than 6 months on average [88]. 
Surgical treatment combined with adjuvant or neoadjuvant therapy can improve 
neurologic function and lessen pain [28].

22.6.2  Malignant Peripheral Nerve Sheath Tumors (MPNSTs)

MPNSTs account for 3–10% of all soft tissue sarcomas, and are commonly located 
in the trunk, limbs, head, and neck, although there are some rare spinal cases [89]. 
MPNSTs have high metastatic potential and surgical resection is the preferred treat-
ment of choice, if the tumor is resectable; however, there is no effective systemic 
therapy currently available. Surgical treatment of these lesions is defined by 
Enneking criteria as either Enneking appropriate (i.e., en bloc resection with wide 
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or marginal margins) or Enneking inappropriate (i.e., piecemeal or an intralesional 
resection) [90, 91], although a multicenter study showed similar rates of recurrence 
and survival for the two groups [90]. Prognosis of unresectable or metastatic 
MPNSTs is extremely poor, particularly in the spinal region, where the associated 
mortality rates are as high as 80%; larger lesions are also more likely to be related 
to higher malignancy [12, 92, 93]. Adjuvant photon beam therapy showed better 
local control, but carbon ion radiotherapy leads to better local control and increases 
in overall survival and progression-free survival [94].

Spinal extraosseous chordoma (SEC) is usually located in the cervical and epi-
dural region and is extremely rare. SECs are less aggressive, have a lower rate of 
recurrence and metastasis, and have a better prognosis than those of the osseous 
origin [21].

Mesenchymal chondrosarcoma is a rare malignant tumor arising from bone or 
soft tissues. Calcification can be seen in tumors, which may influence or reflect the 
growth of tumor and disease progression. Gross total resection should be followed 
with adjuvant radiotherapy and close follow-ups due to the possibility of recur-
rence [22].

Myxoid liposarcoma (MLS) is a soft tissue sarcoma usually located in extremi-
ties. One-third of patients develop distant metastases and there are several reports 
that present as dumbbell-shaped spinal lesions [17, 95]. Treatment consists of surgi-
cal resection followed by adjuvant chemotherapy [17].

22.7  Surgical Technique

The best surgical approach for these tumors is dictated by the location and size of 
the tumor. Tumors located entirely or partially within the spinal canal can be 
accessed through the midline-posterior approach. In a large series reported in the 
literature, up to 80% of dumbbell tumors—predominantly schwannomas—were 
resected using only a posterior approach [6]. When the posterior approach is used, 
every effort should be made to maximize the excision of the paraspinal tumor 
through the same approach [46]. In cases in which an anterior approach is employed, 
the operation should be performed with surgeons who specialize in the region- 
specific approaches, such as head and neck, thoracic, and abdominal surgeons.

In the cervical spine, the posterior-midline approach is the standard common 
approach for intraspinal lesions [3]. McCormick (1996) has described a posterior- 
midline approach with partial laminectomy and complete unilateral facetectomy 
[65]. Further possibilities include a combined posterior and anterior approach 
[40], an anterior approach with corpectomy [38], a lateral approach with oblique 
corpectomy [96], an extensive posterolateral approach involving total lateral mass 
resection and laminectomy [97], and an anterolateral-transuncodiscal approach 
[68]. The location of the vertebral artery (VA) is important during resection of 
cervical dumbbell tumors [98]. When the VA is encased by the tumor, a posterior 
approach carries high risks [34]; the anterior approach may be more adequate in 
these cases.
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McCormick [4] has also described a modified version of the lateral-extracavitary 
approach for removal of dumbbell and paraspinal tumors of both the thoracic and 
lumbar spine. For the thoracic spine, there are several surgical techniques available 
including the following: a combined posterior microsurgical approach for resection 
of the intraspinal part followed by subsequent video-assisted thoracoscopic surgery 
for intrathoracic part of the tumor [99, 100], a posterior-only approach [101], a 
single posterolateral approach [102], a posterior approach combined with thoracot-
omy [67, 79, 81, 103], a 1-step removal via posterolateral thoracotomy and extended 
foraminectomy [104], a transclavicular approach for tumors of the cervicothoracic 
junction [105], an extended lateral cavitary approach [4], and a thoracoscopic-only 
approach [106].

Posterior approaches for resection of dumbbell tumors of the lumbar spine 
include a posterolateral-transforaminal approach [57], a transparaspinal approach 
[107], a posterior approach with laminoplasty [108], a posterior approach with 
hemilaminectomy, facetectomy and stabilization [6], a posterior dual approach 
[109], and a mini-open [44] minimally invasive technique with [110] or without 
stabilization [111] (i.e., using tubular retractor). Giant lumbar schwannomas erod-
ing the vertebral body and expanding into the retroperitoneal space requires a 
2-stage surgery—a decompression and partial resection with root transection poste-
riorly, followed by an en bloc resection through the retroperitoneal approach by 
vascular surgeon [112].

Gross total resection should be performed whenever possible as long as there is 
no risk of vascular or neurologic injury since the risk of recurrence rises with sub-
total resection [45, 113]. Subtotal resection is usually performed in cases when risk 
of vascular injury or neurological deficits is high as suggested by intraoperative 
nerve monitoring. Preservation of the involved nerve root should always be 
attempted when removing neurogenic dumbbell tumors [41]. In a large series in the 
literature, complete resection has been achieved in 86 to 100% of patients [4, 5, 8, 
96, 98].

Spinal reconstruction surgery using instrumentation should be considered when 
the spinal column is weakened structurally during tumor removal when the tumor 
invades at multiple levels, such as with malignant neoplasms, neurofibromas, 
extradural- intravertebral tumors, and multidirectionally eroding tumors [5]. The 
cervical spine seems to be more prone to the development of the postoperative insta-
bility [5, 41]. Facetectomy with costotransversectomy in the thoracic spine may 
require additional stabilization. If bilateral laminectomy on more than two levels is 
performed or more than half of the lumbar vertebral body is compromised by the 
tumor, instrumentation and reconstruction may be considered [34].

22.8  Complications

Dumbbell lesions are associated with higher rates of CSF leakage, pseudomeningo-
coele, and wound infection compared with non-dumbbell spinal nerve sheath 
tumors [114]. Complications include surgery site infections [57], CSF leak, injury 
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to the surrounding structures in the neck, thorax and abdomen when using a com-
bined approach (i.e., injury to the carotid artery, esophagus, recurrent laryngeal 
nerves, chylothorax, pneumothorax, colon perforation, ureter injury, retroperitoneal 
hematoma, injury of the aorta and iliac arteries), spinal cord edema, spinal cord 
ischemia due to injury of Adamkiewicz artery [115], pseudomeningocoele [116], 
and extensive bleeding in the case of vascular lesions. Complication rates increase 
as the size of the total excised tumor increases [57].

One of the important questions in surgery of dumbbell spinal tumors is how to 
deal with dural defect in intradural-extradural tumors (Eden Type I and II). Suturing 
autologous fascia over the dural defect, and then applying of several layers of dural 
graft and fibrin glue is one possible method [98]. A “separate-dural-incision method” 
is another type of dural incision and closure procedure for preventing postoperative 
CSF leakage during the surgical removal of dumbbell-shaped spinal tumors [117]. 
Adequate visualization of the intradural and extradural components of the tumor is 
achieved with the use of separate dural incisions. First, the dura mater is opened 
along the dural theca to provide adequate visualization of the intradural portion of 
the mass; then, a second incision is made along the nerve root to remove the extra-
dural component. Meticulous suturing is essential in intradural lesion cases; how-
ever, the dura mater is usually thin and fragile in such cases. During suturing with a 
needle and thread, the dura mater can become lacerated proximal to the needle holes 
and result in CSF leakage. Instead of using a needle and thread for this technique, 
non-penetrating vascular clips were used to close the dural incisions [117]. A third 
technique that showed good results in prevention of the CSF leak in spinal surgery 
is the application of a previously harvested abdominal fat graft onto the dural suture 
[118]. After tumor resection, it may be very difficult or impossible to achieve water-
tight dural closure. Application of the fat graft application, along with fibrin glue, 
incorporated in dural closure may eliminate the risk of CSF leak.
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23Instrumented Fusion after Spinal Cord 
Tumor Resection
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23.1  Introduction

The indications for concomitant instrumented fusion after intradural spinal cord 
tumor resection is a topic that is not routinely covered when discussing the concepts 
of spinal biomechanics. While there is a fair amount of evidence supporting restora-
tion or maintenance of the posterior tension band in the pediatric population after 
laminectomy, similar evidence is lacking in the adult population [1, 2]. Performing 
a laminectomy at 3+ levels or at a junctional level, >50% unilateral or bilateral fac-
etectomy, C2 laminectomy, previous deformity (such as kyphosis in the cervical 
spine), persistence of deformity after 1 year of the original surgery, and operating on 
the “younger adult population” (33 +/− 4.2 years), appear to be the general indica-
tions for supplemental spinal fusion based on retrospective analyses of various case 
illustrations [2].

The majority of spinal cord tumors are resected via a posterior approach. 
Traditional dissection entails traversing the dorsal fascia, reflecting the paraspinal 
musculature, and creating a window within the posterior osseous elements to ulti-
mately gain access to the intradural contents. Disrupting the posterior elements, 
particularly the posterior spinal ligaments, may have negative biomechanical conse-
quences in terms of the spine’s ability to maintain sagittal alignment in the post- 
operative state. This may cause the patient significant symptoms related to spinal 
deformity or instability. These posterior spinal ligaments connecting adjacent spinal 
levels between the boney posterior elements, which include the supraspinous liga-
ment, interspinous ligament, and ligamentum flavum, are individually relatively 
weak. However, when intact the sum total length of these ligaments spanning from 
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the cervical spine to the sacrum creates a long moment arm that confers a biome-
chanical advantage as a highly functioning posterior tension band [3]. The capsular 
ligaments of the facet joints have a short moment arm, but individually are strong, 
and thus provide a robust stabilizing effect when left intact [3]. It has also been 
shown that there is a direct relationship between the width of the laminectomy and 
post-operative iatrogenic instability. This is likely from increasing disruption of the 
facet joints with wider laminectomies [4, 5].

23.2  Spinal Cord Tumor Resection and Biomechanical 
Stability

Comparatively, the cervical spine tends to be more prone to post-operative instabil-
ity than the thoracic and lumbar spine, likely secondary to its relative mobility [3]. 
It is well-established in the literature that the pediatric population is especially sus-
ceptible to post-laminectomy kyphosis after resection of intradural spinal cord 
tumors [6, 7]. Within the pediatric population, it is thought that the viscoelasticity of 
the remaining posterior ligamentous complex structures, horizontal facet orienta-
tion, in addition to the incomplete ossification of the vertebral bodies may be 
responsible for post-laminectomy kyphosis in children. It is also postulated that 
anterior horn injury along with muscle denervation may lead to paraspinal muscle 
weakness and deformity. It is also felt that post-operative radiation may play a role 
in post-operative kyphosis [8].

Ahmed and colleagues performed a univariate and multivariate analysis of pre-
dictors of post-operative instability in patients <21 years old with intramedullary 
spinal cord tumors. They found that preoperative kyphoscoliosis (p = 0.0032) and 
laminectomy/laminoplasty performed at more than four levels (p = 0.05) were inde-
pendently associated with development of post-operative sagittal deformity that 
subsequently necessitated instrumented fusion [9]. Knafo and colleagues performed 
a similar analysis on 63 patients, which revealed increased post-operative sagittal 
deformity in patients ≤30 years old (21.9° vs. 13.7°; p = 0.04) who either underwent 
a laminectomy involving ≥4 levels (19.3° vs. 12.1°; p = 0.04), or had a laminectomy 
that included the cervicothoracic or thoracolumbar junctions (20.8° vs. 12.4°, 
p = 0.02). Multivariate analysis showed that only age (p = 0.01) and the number of 
spinal levels involved in the laminectomy (p = 0.014) were significant and indepen-
dent predictors of postoperative sagittal deformity [10]. Hersh and colleagues 
looked at 66 consecutive pediatric patients with cervical and thoracic intramedul-
lary spinal cord tumor resections. Whether undergoing laminectomy or lamino-
plasty, patients had similar rates of post-operative deformity, eventually necessitating 
spinal fusion [1]. Raab and colleagues, however, have advocated the utilization of 
osteoplastic laminotomy in the pediatric population during resection of spinal cord 
tumors. Their case series has shown a decreased incidence of post-operative spinal 
deformity in this patient population (27.1% vs. historical mean of 46%) by preserv-
ing the normal architecture of the posterior elements [11]. McGirt and colleagues 
examined the sagittal alignment of 58 patients pre-operatively for spinal cord 
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tumors. Five (36%) of 14 patients with preoperative scoliosis or loss of lordosis 
developed postoperative progressive spinal deformity compared to only 6 (13%) of 
44 patients with normal preoperative sagittal and coronal balance (p = 0.06). Patients 
<13 years of age were more than 3-times more likely to develop postoperative pro-
gressive deformity, (p  =  0.05). Decompression spanning both the axial cervical 
spine (C1–C2) and the cervicothoracic junction (C7–T1) increased the risk for pro-
gressive spinal deformity fourfold (p  =  0.04). Number of spinal levels decom-
pressed, revision surgery, radiotherapy, involvement of C1–C2 or C7–T1 alone in 
the decompression, or any other recorded variables were not associated with pro-
gressive postoperative spinal deformity. It was concluded that patients possessing 
one or more of these characteristics should be monitored closely for progressive 
spinal deformity after surgery [12].

Within the adult population, careful examination of pre-operative upright cervi-
cal alignment should be appreciated. A pre-operative kyphotic alignment should 
signal to the surgeon that a laminectomy alone without instrumented fusion may 
yield worsening sagittal alignment in the post-operative state.

High cervicomedullary intradural tumors may necessitate violation of the 
occipital- cervical joint for maximal safe resection. Debate exists as to how much of 
the joint can be tolerated without needing an occipital-cervical instrumented fusion. 
Some authors feel that sparing 50% of the occipital-cervical joint does not lead to 
instability, whereas removing 75% yields a statistically significant increase in 
motion when extension is coupled with axial rotation [13]. Other authors feel that 
resection of ≥50% of the joint leads to instability [14]. Patients undergoing a partial 
condylectomy without supplemental fusion should be counseled prior to surgery 
that there is a possibility they may require additional fusion after surgery if they 
develop clinical occipital-cervical instability.

Katsumi and colleagues have shown that violation of the C2 dorsal elements 
including the semispinalis and lamina may lead to post-operative instability [15]. 
Resection of a C2/3 ventral meningioma for example, would necessitate a C2 lami-
nectomy and subsequently a C1–C3 fusion [16].

Bony remodeling from longstanding intradural tumor expansion may be another 
indication for consideration of supplemental instrumentation. Pedicles can become 
progressively narrowed over time (Fig. 23.1), making them more prone to fracture 
from minor trauma (Fig. 23.2). Bruzek and colleagues describe a case where a cer-
vical intra- and extramedullary neurenteric cyst caused the associated vertebrae to 
become extensively thinned. The necessary removal of the posterior elements to 
gain access to the cyst coupled with the thinned out vertebrae pushed the surgeons 
to provide supplemental fixation [17].

The decision to provide supplemental fixation after resection of a multi- 
compartmental nerve sheath tumor has long been a subject of debate. Although 
many nerve sheath tumors are relegated strictly to the intradural space, some will 
harbor an extradural extension through the neural foramen (Figs. 23.3, 23.4, 23.5 
and 23.6). This begs the question how necessary it is to remove all overlying bone 
and joint in an effort to maximize resection of the tumor. Some authors have pro-
posed the “dual approach” for resection of dumbbell schwannomas, whereby two 
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Fig. 23.1 Lumbar Spine 
CT. Axial lumbar spine CT 
scan revealing a partially 
calcified intradural tumor, 
with associated thinning of 
the pedicles

Fig. 23.2 Lumbar Spine 
CT. Axial lumbar spine CT 
showing bilateral fractured 
pedicles

separate surgical corridors are accessed to resect the tumor in an effort to avoid a 
fusion. This particular approach is a pars and facet-sparing procedure [18]. Ahmad 
and colleagues looked at 48 cases of spinal nerve sheath tumors [19]. Seven of these 
cases necessitated a partial facetectomy, and none of the patients went on to require 
a fusion from instability at the 3-year follow-up. They did find that surgeons were 
more likely to provide supplemental instrumented fixation if there was pre-existing 
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deformity or instability, a history of neurofibromatosis type I combined with a 
tumor in the cervical region, those undergoing a total facet resection, and those 
patients with malignant nerve sheath tumors. They also found that removal of one 
third or even half of a facet joint complex appears to be well tolerated with no insta-
bility seen on follow-up [19]. A finite element model has shown that bilateral total 
facetectomy simulated at L4-L5 and L5-S1 levels increased spinal instability sig-
nificantly under extension and axial rotation and not under flexion [20].

a b

Fig. 23.3 Cervical Spine MRI. Pre-operative T2 sagittal (a) and axial (b) MRI images of the 
cervical spine showing a large intradural, extramedullary mass from C4–C6 with extension into the 
left neural foramen, consistent with a nerve sheath tumor

a b

Fig. 23.4 Cervical Spine MRI. Pre-operative Contrast-enhanced T1 sagittal (a) and axial (b) MRI 
images showing a large contrast enhanced tumor from C4-C6 with extension into the left C5 neural 
foramen, consistent with a nerve sheath tumor
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The thoracic spine classically is viewed as the most stable region of the vertebral 
column, due to the ribs connecting the dorsal elements to the sternum. This how-
ever, does not hold true for the lower thoracic ribs which are “floating” due to their 
early termination and lack of sternal articulations. Questions exist whether this calls 
for more frequent supplemental fixation of the lower thoracic spine when compared 
to the upper and mid-thoracic spine after aggressive bone/joint removal to access a 

a b

Fig. 23.5 Cervical Spine MRI. Post-operative T2 sagittal (a) and axial (b) MRI cuts revealing a 
gross total resection of the tumor

a b c

Fig. 23.6 Post-operative CT scan following cervical spine tumor resection and C2-T2 instrumen-
tation. Sagittal (a) and axial (b) and coronal (c) demonstrate extant of bony removal and hardware 
placement
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multi-compartmental intradural-extradural spinal cord tumor. A biomechanical 
cadaveric study showed that adding dorsal fixation increased segment rigidity and 
reduced overall range of motion of the lower thoracic spine to a greater extent than 
did instrumenting the thoracic spine levels with true ribs [21]. Despite a lack of true 
ribs, the lower thoracic spine did not differ significantly when compared with the 
upper thoracic spine in flexion/extension and lateral bending after decompression, 
although trends existed toward significance for greater axial rotation after decom-
pression [21].

It should be noted that instrumenting the spine during resection of intradural 
spinal cord tumors does not come without additional risks. Osseous malunion and 
hardware misplacement are two potential complications related to instrumentation. 
After resection of intradural tumors, most neurosurgeons will implement routine 
magnetic resonance imaging (MRI) to assess for recurrence. Spinal hardware will 
most definitely yield artifact on the MRI, which can make radiographic appreciation 
of residual or recurrent tumor problematic.

23.3  Surgical Treatment of Post-Operative Deformity

While an extensive discussion regarding treatment of post-operative deformity is 
beyond the scope of this chapter, a few principles should be highlighted. One of 
most important studies that can be performed to assess the kyphotic deformity is a 
dynamic X-ray. This will often give vital information as to the flexibility of the 
kyphosis. In turn, this can help guide the surgeon in determining a treatment plan. 
Symptomatic rigid deformities may necessitate osteotomies and ligamentous release 
posteriorly, anteriorly, or both depending on the amount of correction desired. 
Symptomatic kyphotic deformities that are more flexible may benefit from posterior 
fixation alone to recapitulate the dorsal tension band. It should be kept in mind that 
revision operations in a previously laminectomized area are more prone to unin-
tended durotomies, as the virgin anatomy has been disrupted and midline landmarks 
are no longer present.

23.4  Future Trends

Neurosurgeons have always tried to preserve as much of the natural integrity of the 
spine as possible [22]. Although select cases do necessitate supplemental instru-
mentation, soft tissue/bone-sparing techniques are becoming more popular amongst 
spine surgeons. Certain cases that traditionally would have been done with instru-
mentation are now being done with joint-sparing techniques. Muscle- and facet 
joint-preserving laminectomies have been advocated to maintain cervical lordosis 
[23]. A traditional laminectomy may also not be necessary if an intradural tumor 
displaces the cord to one side. A minimally-invasive unilateral approach may be 
successfully utilized in certain cases [22, 24–28]. The broad use of the endoscope 
has now expanded to use for the resection of select intradural tumors [29, 30]. 
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The mini-open interlaminar and trans-spinous approaches have also been utilized 
[31–33]. Some authors feel that regardless of sagittal extension of the tumor, a 
schwannoma with an axial diameter of 16 mm located in the lumbar spine can be 
effectively treated with the MIS approach, including foraminal extension [34]. 
Despite the growing popularity of less-invasive techniques for the resection of spi-
nal cord tumors, the surgeon should make certain that the safety profile of the surgi-
cal resection and oncological outcome is not sacrificed in return for using a 
tissue-sparing technique.
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24Radiosurgical and Radiation 
Considerations for Residual, Recurrent 
and Malignant Spinal Cord Tumor

Jason Weaver

24.1  Introduction

Radiation therapy has emerged as a viable option for the treatment of residual and 
recurrent intramedullary spinal cord tumors. Although the literature is limited owing 
largely to the low prevalence of primary spinal cord tumors, some evidence can be 
extrapolated from the treatment for residual and recurrent metastatic disease affect-
ing the spinal cord. In this setting, radiation plays a crucial component in pain man-
agement, prevention of pathological fractures, and preventing neurological decline 
[1–4]. The planning and implementation does necessitate a multidisciplinary team 
to develop a comprehensive strategy, which accounts for the complexity of meta-
static disease to improve outcomes and minimize complication rates.

Surgery is the mainstay of intervention for tumors that compromise the spinal 
cord with radiation serving as an adjunct, especially in the setting of residual and 
recurrent disease. The most rigorous clinical studies have been for the treatment of 
spinal metastases, but some concepts can be extended to spinal cord tumors since 
the goal of spinal radiation is tumor control and symptom relief. Patchell et  al. 
definitively established the role for radiation as an adjunct in the postoperative set-
ting for spinal metastases [5]. A multitude of radiation modalities have been utilized 
to treat spinal metastases over the decades, and have generated rigorous algorithms 
based on a multitude of clinical studies [6–9]. Contemporary radiation strategies 
integrate newer technologies and regimens are proving to be advantageous for meta-
static lesions; however, they necessitate a greater understanding of the rationale and 
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evidence. Despite this, the management of residual and recurrent disease continues 
to be challenging, owing largely to the proximity to the spinal cord. Thus, the dosing 
and target are critically important.

This chapter will focus on the role of radiation in the management of residual and 
recurrent spinal cord tumors. Some insights and management strategies will be 
extrapolated from the radiation strategies of spinal metastases.

24.2  Epidemiology

Intramedullary spinal cord tumors are rare group of histologically distinct tumors 
that comprise of 4–10% of all primary intracranial neoplasms, and an estimated 
10–35% of all intraspinal tumors [10, 11]. Large clinically robust studies are diffi-
cult due to the heterogeneity and infrequency of these tumors. Despite these limita-
tions, some retrospective studies have provided some key insights into the 
epidemiology of intramedullary tumors. Progression-free survival and long-term 
outcomes are dependent on age, location of tumor, histopathology, degree of resec-
tion, and preoperative functional status [12, 13].

Up to 90% of intramedullary tumors are gliomas, of which about 70% are 
ependymomas and the remainder are astrocytomas [14]. Ependymomas are graded 
from World Health Organization (WHO) Grades I to III, and subtypes include 
ependymoma, subependymoma, and myxopapillary ependymoma. Intramedullary 
ependymomas are most common in middle-aged males. In ependymomas, histo-
pathology and extent of resection are the most important factors associated with 
outcomes [15, 16]. However, some studies have indicated that histological grade 
is not associated with aggressiveness [17]. Regardless, recurrence rates are up to 
40% in cases of subtotal resection with 10-year survival at 80% [16]. A thoracic 
region ependymoma was also associated with a worse outcome [18, 19]. 
Astrocytomas typically also occur in middle-aged males, in the thoracic region. 
Histopathology is the most important prognosticator of outcomes, as WHO grade 
predicts the presence of an intraoperative dissection plane [11, 20–23]. In contrast 
to ependymomas, the possibility of gross total resection is much less, and yields a 
recurrence rate of up to 50% in 5 years. The difficulty with surgical intervention 
of a spinal astrocytoma is the invasiveness of the tumor, which increases the risk 
of neurologic morbidity. Advancements in intraoperative monitoring techniques 
have greatly facilitated more aggressive resection while decreasing morbidity. 
Despite this, a recent review of the Surveillance, Epidemiology, and End Results 
(SEER) database revealed a median survival of 13 months and a 5-year survival 
of 18.7% [24]. As such, adjuvant radiation therapy can play an important role [19, 
21, 25, 26].

Aside from gliomas, the next most common tumor is hemangioblastoma, which 
constitutes up to 8% of all intramedullary spinal cord tumors, and is associated with 
von Hippel-Lindau syndrome [27]. Other tumors include gangliogliomas, neurocy-
tomas, lymphomas, and metastases, which in total comprise of about 5% of all 
intramedullary spinal cord tumors.
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24.3  Clinical Presentation

Clinical presentation is largely dependent on the location of the tumor, and similar 
to metastatic lesions; back pain is most pronounced in the recumbent position and 
is the most common symptom followed by radiculopathy [11, 28]. Radiculopathy 
can manifest as dysesthesias or motor weakness. Bilateral sensory or motor symp-
toms without cranial involvement and myelopathic findings are consistent with spi-
nal cord lesions. Additionally, the asymmetric location of the tumor within the 
spinal cord can differentially affect various spinal tract. Spinothalamic tract com-
pression can alter pain and temperature fibers whereas corticospinal tract involve-
ment results in an upper motor neuron deficit. Dorsal column tract involvement 
decreases gross sensation. Lesions in the cervical spine and upper thoracic spine can 
compromise respiratory function, whereas sacral lesions can affect the bowel/blad-
der function. If the lesion extends into the brainstem, cranial nerve, respiratory, 
circulation, and overall consciousness can also be affected.

Spinal cord lesions can cause hydrocephalus in up to 15% of patients secondary 
to cerebrospinal fluid outflow obstruction or decreased reabsorption [29–31]. The 
onset of symptoms can range from rapid to insidious, but are invariably progressive 
in nature. In this regard, surgery is recommended for good outcomes [32–34]. There 
is, however, a subgroup of patients who do not develop symptoms, except for pain, 
with suboptimal surgical outcomes [35]. Risk factors for symptom onset and timing 
are age, associated degenerative spinal column disease, and medical comorbidities. 
Regardless, as with metastatic cancer, early diagnosis and timely intervention can 
improve survival [36, 37].

A multitude of scoring systems have been developed to assist in the characteriza-
tion of the associated deficits [38, 39]. A common grading system is the McCormick 
classification, which ranges from grade I (neurologically nonfocal) to grade IV 
(severe neurologic compromise, not independent) [39].

24.4  Types of Radiation

Radiation can be delivered to the spinal cord and its proximity through three modal-
ities: conventional external beam radiation therapy (EBRT), stereotactic radiosur-
gery (SRS), and stereotactic body radiotherapy (SBRT). Each modality can 
theoretically be utilized as a primary treatment, or as an adjunct postoperatively. 
Patchell et  al. was the first to definitively establish a role for radiation in spinal 
metastases [5]. The goals of radiation are for tumor control to prevent neurologic 
sequelae, and to relieve pain. Each modality offers specific advantages with certain 
limitations. SRS and SBRT have emerged as viable modalities in the treatment of 
spinal lesions as the integration of newer technologies have improved outcomes and 
decreased complications [40, 41]. More rigorous comparison studies between the 
three modalities are needed.

The treatment strategy has largely evolved from strategies used to treat spinal 
metastases. In this section, we describe each modality as it relates to the treatment 
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of spinal metastases in order to highlight the logic and limitations of each 
modality.

24.4.1  Conventional External Beam Radiation Therapy

Conventional EBRT consists of two treatment beams that deliver up to 30 Gy in up 
to ten fractions. EBRT has been a standard for palliative radiation in patients with 
spinal cord tumors as the primary indication has been for pain control [42, 43]. 
EBRT fractionation can increase the total dosage to 30 Gy in ten fractions up to 
14 days with equivalent outcomes [44–47]. Most recently, the American Society for 
Radiation Oncology recommended 8 Gy in 1 fraction for bony spinal metastases 
[46]. At this dosage, up to 70% of patients will achieve pain relief and 40% local 
tumor control at 1 year [48, 49]. However, the efficacy of EBRT is more limited 
with complete and partial response rates seen in up to 20% and 60%, respectively 
[50]. Tumor type is a major component in the ability to control the tumor, as certain 
tumors are radioresistant. The greatest disadvantage is the large field of treatment—
about a 5 cm margin around the tumor—that does not spare the spinal cord. Thus, 
the radiation dosage to the tumor is imprecise and results in poor local control for 
spinal metastases [51–53]. A lower radiation dose is often pursued (i.e., 8 Gy in 1 
fraction), and about 20% will eventually require a second dose as symptoms prog-
ress [54]. The overall effectiveness of EBRT is a factor of tumor histology as it 
relates to radiation sensitivity and dose limitations due to its proximity to critical 
structures. As such, radioresistant metastatic tumors have a poor long-term control 
[55, 56].

24.4.2  Stereotactic Radiosurgery and Stereotactic Body 
Radiotherapy

SRS and SBRT have emerged as promising modalities in the treatment of spinal 
metastases. Treatment plans are delivered in conjunction with image guidance to 
minimize toxicity to the local tissues, especially the spinal cord [41, 57–61]. This 
permits the delivery of very high doses of radiation with improved accuracy, and 
can be contoured around the spinal cord [40, 41]. With the improved accuracy, the 
theoretical advantage compared with EBRT is a 3-time higher biologically effective 
dose to induce a higher rate of deoxyribonucleic acid (DNA) damage, which would 
be especially beneficial for radioresistant tumors [40, 62–65]. For spinal metastases, 
SRS may also be used in place of surgery, depending on the patient’s neurologic 
status, the proximity to the spinal cord, and the tumor type. In this setting, the tar-
geted therapy that SRS provides yields minimal complications with good local 
tumor and pain control rates [40, 41]. In the postoperative setting, SRS can also 
improve local control rates [66, 67].

The administration of the radiation treatments is more involved compared 
with EBRT. Patients must be immobilized in a rigid external frame to optimize 
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the stereotactic accuracy, which may be difficult for patients with spinal pain. 
The most common method of delivery is intensity-modulated radiation therapy 
(IMRT), which consists of multiple beams converging on the target from various 
angles to limit collateral injury to the surrounding tissues. Dynamic arcs can also 
be integrated with IMRT to deliver volumetric modulated arc therapies (VMAT), 
which may improve the safety profile with increasing radiation conformity and 
homogeneity of the delivery [68, 69]. The IMRT and VMAT formats have greatly 
increased the flexibility and durability for treatment options for fractionation 
[66, 70, 71]. SRS is delivered in 1-to-2 fractions, whereas SBRT is delivered in 
2-to-5 fractions. Studies for osseous metastatic lesions have yield control rates of 
up to 90% at 2 years for bony metastatic disease [41, 72, 73]. Harel et al. recently 
published their experience with spinal SRS, which yielded a control rate up to 
97% [68]. Several other studies have also reported on favorable outcomes with 
minimal side effects for spinal metastases [41, 65, 74, 75]. Gerszten et al. did 
also find an 84% clinical improvement in those patients that presented with a 
progressive neurological decline [41]. The feasibility of SBRT for the treatment 
of spinal tumors has been validated in patients with recurrent disease [54, 
76, 77].

The complexity of SRS and SBRT necessitates a thorough understanding of the 
neuroanatomy, and may require a decompression or separation surgery to delineate 
the lesion. For this reason, SSRS and SBRT requires a multidisciplinary team con-
sisting of medical oncologists, radiation oncologists, physicists, and 
neurosurgeons.

24.5  Management Strategies

Similar to patients with spinal metastases, the treatment regimen for patients with 
primary spinal cord tumors can be complex and may require a multi-disciplinary 
treatment strategy. In the setting of residual and recurrent disease, the situation can 
be more complicated. Patients must undergo a thorough intake and examination to 
determine the timing and severity of the symptoms. Radiography with magnetic 
resonance imaging (MRI) is utilized to determine the extent of disease. With this 
initial information, patients can be risk being stratified by determining the patient’s 
clinical performance status and radiographic findings for neurological risk. A com-
prehensive scoring system that includes the neurologic status, radiographic find-
ings, and histopathology does not currently exist for primary spinal cord tumors. 
However, a multitude of prognostication scores for spinal metastases have been 
developed to assist in determining the ideal treatment algorithm [6–9]. The most 
common scoring systems are the “LMNOP” system, which stands for location of 
disease, mechanical stability, neurological risk, oncological parameters, and pre-
ferred treatment [78]. An alternative framework is “NOMS,” which stands for neu-
rological, oncological, mechanical and systemic evaluation [79]. These scoring 
systems can be utilized to a limited extent to delineate a role for additional surgery 
versus radiation.
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The role of radiation is to control pain, and to prevent neurologic decline from 
either tumor progression or osseous instability. Radiation therapy is versatile but—
in the setting of primary spinal tumors—is used as an adjunct to surgical resection. 
In contrast to surgery, radiation therapy does possess a theoretical advantage with a 
more favorable safety profile, and has traditionally been offered to patients with a 
substantial risk to undergo surgical intervention. In this regard, radiation therapy 
can be integrated into the treatment plan very easily. Patchell et al. solidified its role 
as an effective adjunct to surgical decompression for spinal metastases [5].

The success of radiation therapy depends largely on tumor histology and 
radiation- specific variables (i.e., mode, dosage). Radiation is best suited for to 
relieve pain [80]. In this regard, the radiation treatments can be administered for 
palliation [50]. A more robust outcome of tumor response necessitates the consider-
ation of the tumor biology/histology and mode of radiation delivery. Certain tumors 
are more radiosensitive than other tumors, which is an important distinction to 
define since it establishes treatment expectations. Additionally, the modality of radi-
ation delivery is critically important, as has been shown for metastatic spinal tumors. 
Conventional EBRT yields a poor response for radioresistant tumors [50], whereas 
SRS and SBRT has a more biologically favorable profile for the traditionally radio-
resistant tumors with fewer complications [3–5, 81, 82]. In the setting residual and 
recurrent disease, SRS or SBRT may serve as the better option compared with 
EBRT to attain an optimal biologically effective dose.

The greatest drawback to radiation therapy is the time needed to obtain a 
response, which can take months [83]. As such, patients with an acute decline in 
neurologic status with radiographic evidence of spinal cord compression should be 
strongly considered for surgical decompression [5], unless the tumor is very radio-
sensitive (i.e., lymphoma or multiple myeloma). An additional consideration is the 
patient’s risk of mechanical instability. If the risk of a fracture or spinal cord com-
pression is imminent, then surgical decompression and stabilization may be prudent 
to prevent a catastrophic neurologic compromise prior before the benefits from 
radiation can take effect.

Ultimately, the decision to incorporate radiation therapy into the treatment plan 
is dependent on the life expectancy of the patient. With residual and recurrent 
tumors, radiation can be delivered quite easily, but must be weighed against patient- 
specific factors of impending neurologic compromise, life expectancy and quality 
of life. Irradiation of recurrent spinal disease can increase the risk of spinal cord 
toxicity, but can be minimized with SBRT [54].

24.6  Outcomes

The management of spinal cord tumors is complex due to its proximity to critical 
structures. Radiation therapy is a viable treatment option after attempted surgical 
resection. There are no studies that have evaluated the role of radiation therapy as a 
primary treatment modality. As such, surgery remains the first choice for the treat-
ment of intramedullary tumors. Its role as an adjunct for spinal metastases after 
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surgical intervention has been established. In a randomized study by Patchell et al., 
a significantly larger proportion of patients (84% vs. 57%) were able to improve and 
maintain ambulation status after the combination of surgical decompression with 
postoperative radiation compared to radiation alone [5].

EBRT was the first radiation modality utilized for the treatment of diseases 
involving the spinal cord. Several studies have evaluated its efficacy in the setting of 
spinal cord compression from spinal metastases as a primary treatment, and in com-
bination with various surgical approaches [84]. EBRT alone resulted in a mean 
functional improvement in only 44% of patients, whereas up to 36% eventually 
worsened neurologically [84, 85]. The limitations of EBRT have been the large field 
of radiation and poor targeting; the dosages can be quite limited and certain tumors 
can be resistant to the tumor. EBRT is commonly used for palliative therapy, with 
several studies indicating lower rates of complete pain response and local control 
[44, 86–88]. This is likely secondary to lower tolerable dosages with an increased 
risk of radiation myelitis with recurrence. Isaacson et al. published a meta-analysis 
that identified several studies of EBRT providing only modest control and improve-
ment in overall survival for spinal ependymomas and astrocytomas with radiation 
dosages limited by risks of radiation myelopathy, and gastrointestinal and fertility 
issues [89]. As such, EBRT is of limited utility for intramedullary lesions.

Spine SRS and SBRT are emerging modalities that are alternatives to conven-
tional EBRT.  These strategies are image-guided radiotherapies that can deliver 
higher biologically effective dosages (BED) to improve cytotoxicity while sparing 
the adjacent normal tissues [90]. The addition of the IMRT paradigm also enhances 
its treatment profile. These modalities were initially utilized in spinal metastases as 
a treatment for residual and recurrent tumors that were radioresistant to 
EBRT. Gerszten et al. reviewed their experience with SRS for spinal metastases and 
found good long-term pain improvement and radiographic control of up to 96% and 
100%, respectively, for various tumor types [41, 91–93]. Newer studies have evalu-
ated its efficacy as a postoperative adjuvant and neoadjuvant therapy for spinal 
tumors [94–96]. The limitations with these studies are the retrospective nature in 
heterogeneous populations, non-standardized treatment protocol (i.e., fractionation 
and dosage) and metrics for outcomes such as pain control. Regardless, local con-
trol rates were up to 90% at 1 year and complete control of pain. Five-year outcomes 
for SRS showed good continued control [97]. Retreatment rates with SBRT were 
also effective overall [98]. Complication rates were low with a 0.2% risk of neuro-
logic injury and 9% rate of compression fractures [96]. Clinical trials are currently 
underway to further characterize the role of SRS and SBRT for spinal metastases 
[65, 99–101].

SRS has also been shown to be a safe modality for residual and recurrent primary 
spinal cord tumors with low rates of progression in the short-term [77, 102–104]. 
Toxicity to the spinal cord was not observed in the treatment of intradural spinal 
cord tumors [102, 103]. A recent meta-analysis reviewed the overall safety profile 
and determined its effectiveness in tumor control for the management of intramed-
ullary tumors with overall favorable clinical and radiological outcomes [105]. This 
study included a wide range of pathologies, with an overall local control rate of up 
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to 82% and a low incidence of radiation-induced toxicity of 4%. Monserrate et al. 
reported on utilizing cone-bean CT-guided SRS as a safe and accurate option for 
patients with intradural tumors [104].

SRS for recurrent and residual ependymomas is feasible and safe [106–108]. 
Lobόn et al. published a 20-year experience of re-irradiation for recurrent spinal 
ependymomas in 32 pediatric patients and found a median progression-free survival 
and overall survival of 1.2 years and 3.5 years, respectively [107]. In those who 
progressed through the first radiation treatment, 15 patients achieved a greater 
progression- free survival after the second radiation treatment. In a retrospective 
study, Oh et al. defined a role for adjuvant radiation in delaying recurrence after 
subtotal resection of spinal cord ependymomas [108]. They reported on a cohort of 
47 patients with subtotal resection who received adjuvant radiotherapy and found 
that progression-free survival was significantly prolonged compared with those 
patients who did not receive radiotherapy with a hazard ratio of 2.26 [108]. In con-
trast, other studies showed that radiation was not beneficial in patients who achieved 
gross-total resection for spinal ependymomas [109]. As such, reoperation should be 
weighed against radiation for residual or recurrent disease. Additionally, these stud-
ies are limited by the short-term follow-up and bias from a retrospective perspec-
tive. Larger more rigorous clinical studies are warranted.

SRS has also been applied to the treatment of spinal hemangioblastomas with 
favorable outcomes [110–114], and is well-tolerated [113]. These lesions can be 
multiple, as up to 30% of patients are diagnosed with von Hippel-Lindau (VHL) 
disease and thus must undergo a more thorough clinic-radiographic examination 
[115]. Pan et al. reviewed their experience of SRS for the treatment of spinal heman-
gioblastomas, which included 46 tumors in 28 patients [110]. The local control rate 
at 5  years was 92.3%, which are comparable to the control rates for intracranial 
hemangioblastomas. Patients with VHL also experienced an 81% improvement in 
symptoms. There were no complications noted in this study. Two recent meta- 
analyses indicate excellent long-term outcomes of up to 96% [116, 117]. Some con-
troversy does exist regarding the timing of SRS for spinal hemangioblastomas in 
patients with VHL. Chang et al. have published extensively on their experience with 
SRS for hemangioblastomas, of which a small proportion of these patients have 
received SRS upfront as a primary treatment with good control rates [110]. However, 
a meta-analysis addressing this question did not find enough evidence to support this 
treatment, and highlighted the need for a prospective pooled analysis [117].

24.7  Conclusion

Radiation therapy is a viable option for the treatment of recurrent and residual intra-
medullary spinal cord tumors, but surgical resection remains the primary mode of 
treatment at the outset. EBRT is the traditional treatment modality, but contempo-
rary therapies of SRS have emerged as a very promising therapy with good control 
rates and minimal toxicity. More studies are needed to define the role of radiation 
therapy in the treatment of residual and recurrent spinal cord tumors.
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24.8  Case Illustrations

CS is a 31-year-old man who presented with complaints of spasticity, bowel and 
bladder dysfunction, and weakness in his legs. A contrasted MRI had shown a large 
expansile intradural mass from L3 to S2 (Fig. 24.1). He underwent a multi-level 
laminectomy for resection of this lesion and tolerated the procedure well. Final 
pathology was a grade I myxopapillary ependymoma over 5 years ago. On routine 
serial tumor surveillance MRI, he was found to have an interval growth of a small 
left L5–S1 component intradurally (Fig. 24.2). Given the progression, he underwent 
a conventional external beam radiation consisting of 16 fractions totaling 40Gy with 
a stereotactic boost to the tumor of 700 cGy (Fig. 24.3).

a b

Fig. 24.1 Sagittal (a) and axial (b) MRI showing a large expansile intradural mass in a 31-year- 
old man from L3–S2

a b

Fig. 24.2 Sagittal (a) and axial (b) MRI showing intradural growth of small left L5–S1 
component
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Serial MRI surveillance showed radiographic stability until 7  years post- 
radiation, which showed interval growth (Fig. 24.4). After an extensive conver-
sation of the options, the patient elected to undergo surgical resection. He 
tolerated the procedure well, and to date does not show recurrence 6 months out 
(Fig. 24.5).

a

b

c

Fig. 24.3 (a, b, c) Conventional external beam radiation consisting of 16 fractions totaling 40 Gy 
with a stereotactic boost to the tumor of 700 cGy
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25.1  Introduction

Both extramedullary and intramedullary intradural spinal cord tumors (SCTs) will 
often create early neurological signs and symptoms due to the infiltration and/or 
compression of neural structures in small spatial compartments, such as the spinal 
dural sac or a vertebral canal. Gross total tumor resection, whenever possible, is the 
goal in surgical treatment in order to relieve symptoms and preserve or improve 
neurological function, as well as to avoid tumor recurrence and repeated surgery. 
However, in cases of malignant or infiltrative tumors, radical resection may not be 
possible and may not prolong survival [1, 2]. In their classic work, Yasargil et al. [3] 
reported a successful radical removal of intramedullary spinal tumors using micro-
surgical techniques with favorable neurological outcomes. Since then, there have 
been many other studies of SCT reporting satisfactory outcomes [4–21].

Postoperative functional outcome mainly depends on tumor histology, molecular 
biology, genetic basis, tumor size and location, preoperative neurological status, 
utilized surgical technique, and postoperative care [12, 16, 22, 23]. Patients with 
severe preoperative neurological deficits may not recover functioning after surgery; 
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their functioning may even worsen. Good results with better postoperative recovery 
and better functional outcome are more common in patients with short-term neuro-
logical deficits [11]. Upper thoracic lesions, for example, are associated with the 
highest rate of surgery-related complications and unfavorable postoperative func-
tioning, possibly due to the anatomically narrow canal and relatively poor “transi-
tional” blood supply in this region of the spine [12, 13]. With spinal nerve sheath 
tumor surgery, surgical complications are more common in cervical and lumbosa-
cral tumors than in thoracic lesions [17].

Intraoperative imaging and neuronavigation are helpful tools to precisely local-
ize lesions, lessen exposure, and preserve of normal spinal function. Bony exposure 
and extent can be optimized before dural incision, which may also be tailored to 
reduce the incidence of complications, such as leakage of cerebrospinal fluid (CSF) 
or accidental neural tissue damage.

Careful microsurgical technique is necessary to avoid postoperative neurologi-
cal complications and infections. Despite precise techniques, a number of the 
patients may report sensory symptoms, such as dysesthesia after surgery due to 
surgical manipulation and dissection of the cord’s posterior columns. Sensory dis-
turbances may last a long time, but will usually improve postoperatively after a few 
months. They can often be persistent, which can interfere with early postoperative 
rehabilitation. They also may not respond to medical treatment. Residual symp-
toms may reduce patients’ quality of life in a long-term. To avoid this, patients 
should receive neurophysiologic monitoring throughout surgery. Postoperative 
neurologic deficits after SCT surgery can also happen due to nerve root injury or 
avulsion, removal of a functional nerve root, or spinal cord manipulation with glial 
scarring (Fig. 25.1) [18].

Kalakoti et  al. analyzed surgical risk factors and postoperative complications 
following resection of benign intradural spine tumors in adults in both low volume 
and high volume centers [24]. The study showed that there was a decreased risk for 
the most unfavorable outcomes for patients who underwent surgery at high volume 
centers. Inpatient postoperative risks included mortality (0.3%), wound complica-
tions (1.2%), cardiac complications (0.6%), deep vein thrombosis (1.4%), pulmo-
nary embolism (2.1%), and neurological complications, including dural tears 
(2.4%).

Fisahn et al. analyzed readmission, reoperation, and complication rates of spinal 
cord tumor surgery highlighting how it is still involved with morbidity even in expe-
rienced and specialized centers [25]. In an analysis of National Surgical Quality 
Improvement Program (NSQIP) registry, Karhade et  al. reported that 10.2% of 
patients undergoing surgery for spinal tumors were readmitted within 30 days, 5.3% 
underwent a reoperation, and 14.4% experienced a major complication [26]. The 
most common complications were surgical site infections (3.6%), systemic infec-
tions (2.9%), and venous thromboembolism (VTE) (4.5%). The strongest predictors 
of adverse events were comorbidities, preoperative steroid use, and a higher 
American Society of Anesthesiologists (ASA) classification [26]. Weber et  al., 
reported a 50% increase in the mean hospital cost per patient with cerebrospinal 
fluid (CSF)-related postoperative complications after elective spinal surgery. 
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Furthermore, these complications may lead to additional complications, creating a 
vicious circle and even lethal outcomes [27].

In this chapter, we discuss different surgical complications, and their prevention 
and treatment.

25.2  CSF Dissemination, Seeding and Metastasis

SCT can disseminate through CSF pathways and cause metastases along the neural 
axis, albeit infrequently (Fig. 25.2). This is common in malignant and more aggres-
sive SCT, such as grade III and IV astrocytomas and intradural chordomas, but has 
been reported also in myxopapillary ependymomas and meningiomas [28–30]. 
Surgical or secondary seeding of myxopapillary ependymomas after surgery is rela-
tively uncommon—but usually occurs after subtotal resection—with recurrence at 
the site of resection in adults, and more often in the pediatric population, together 
with the disseminated disease. However, primary seeding of myxopapillary ependy-
moma has been reported both in adult and pediatric population [30]. Arnautović and 
Al-Mefty found a case of cervical spine chordoma with surgical seeding as a conse-
quence of the implantation of tumor cells along the surgical route in the neck mus-
cles and subcutaneous tissue [28]. Ito et al., reported a case of intraspinal meningioma 
with malignant transformation from atypical to anaplastic meningioma with distant 
hematogenous metastasis [29]. Careful postoperative craniospinal magnetic reso-
nance imaging (MRI) evaluation and surveillance with and without contrast should 

Fig. 25.1 Postoperative 
T-2 weighted sagittal MRI 
showing progressive 
degenerative changes—
spondylosis and herniated 
cervical disk at C5/6 with 
kinking of the spinal 
cord—and MRI signal 
intensity change after 
removal of intradural 
intramedullary tumor and 2 
level laminectomies 
2 years after surgery
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be considered regularly during follow up and in case of unexpected or unexplained 
neurological deterioration.

These complications can be provoked by surgical manipulation and/or par-
tial resection and will need to be treated with additional surgery, irradiation, 
and/or chemotherapy. However, radiation therapy after subtotal resection of 
spinal cord tumors may complicate future surgery since the spinal cord can be 
damaged with effective radiation doses. Additionally, it can create spinal col-
umn deformity and produce a secondary malignancy as well [31, 32]. 

a b

c d

Fig. 25.2 Postoperative T-1 weighted MRIs with contrast. (a, b) Sagittal and (c, d) axial views 
showing diffuse enhancing cerebellar metastases 2 years after resection of pediatric primary spinal 
intramedullary embryonal tumor with multilayered rosettes (former PNET)
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Introduction of radiosurgery helped to minimize these concerns. Promising 
results with low rates of complications have been shown with stereotactic 
radiosurgery treatment for benign tumors, but further studies are needed to 
determine the indications and outcome profile of stereotactic radiosurgery for 
intradural spinal tumors [33].

25.3  Spinal Column Deformities

Spinal column deformities are a possible postoperative complication of early or late 
intradural spinal tumor surgery (Fig. 25.3). Adequate approach to such tumors may 
require extensive laminectomies which may result in spinal instability that may 
require further surgical treatment involving spinal instrumentation and fusion [32, 
34, 35]. Advancement of preoperative spinal column degenerative changes and/or 
development of the new changes during the follow-up can be exaggerated or caused 
by inadequate or extensive bone decompression for the removal of SCT (Figs. 25.1 
and 25.3). Careful preoperative planning, analysis of MRI scans, computerized 
tomography (CT) scans in sagittal, coronal, and axial reconstruction (including 
bone windows and anterior-posterior, lateral, dynamic, flexion and extension 
X-rays) are essential in planning the extent and type of operative bone resection and 
the possible need for simultaneous instrumented fusion.

Fig. 25.3 Postoperative 
T-1 weighted sagittal 
pre-contrast MRI showing 
kyphotic deformity in a 
16-year-old patient after 
multiple laminectomies in 
the upper cervical spine
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Papagelopoulos et al. found that 28% of children and young patients treated with 
lumbar or thoracolumbar multisegment laminectomy for intraspinal tumors exhib-
ited spinal column deformity and instability [35]. Laminoplasty for prevention of 
spinal deformity after spinal intradural tumor surgery is a strategy used by many 
authors [36]. In 1989, Chiou et al., reported that unilateral approaches were advan-
tageous for spinal tumor surgery with fewer complications, especially for juxtamed-
ullary benign tumors [37]. With a unilateral technique, stability can be preserved 
due in part to the protection of musculoligamentous attachments and posterior bony 
elements [38].

Less invasive approaches—or minimally invasive surgical (MIS) approaches—
recently have gained popularity in spinal intradural surgery. MIS techniques showed 
efficacy and safety for the treatment of spinal intradural tumors with no increased 
complications. Some authors reported a reduced complication rate with a significant 
decrease in hospital costs [39–42]. Parihar et al., reported a study with endoscopic 
management of spinal intradural extramedullary tumors in 18 patients with a short 
follow-up [43]. Although it is a technically demanding procedure, endoscopic man-
agement for this kind of pathology was shown to be efficacious and safe. The advan-
tages for spinal intradural tumor MIS may include decreased operative blood loss, 
shorter hospitalization, and less postoperative pain. Disadvantages include pro-
longed operative times, decreased surgical exposure, and decreased difficulty with 
closing the dura due to a limited surgical corridor and a steep learning curve. To 
date, however, MIS approaches have not gained widespread acceptance in SCT 
surgery.

25.4  Complications Related to Anesthesia

In order to obtain the best surgical results, it is necessary to optimize the manage-
ment of preoperative and perioperative anesthesia. Any potential health problem 
and preoperative risk factors should be evaluated and any comorbidity that arises 
should be addressed. For surgeries expecting blood loss, 1 or 2 blood doses should 
always be reserved for transfusion. (Anesthetic considerations will be discussed in 
a separate chapter of this book.)

25.5  Surgical Positioning Complications

Correct positioning of the patient for spine surgery is imperative and of great 
importance. Complications associated with surgical positioning are rare, and 
therefore tend to be underreported in the literature. The risk for these complica-
tions can be minimized with careful surgical planning and close detailed atten-
tion during the patient’s positioning, using prevention strategies to avoid 
complications.
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25.5.1  Pressure Injuries

Decubitus ulcers, or pressure sores, are local skin and underlying tissue injuries 
resulting from prolonged pressure during a surgical procedure due to inappropriate 
positioning. Prone positioning places pressure on the forehead, chin, shoulders, 
thorax, pelvis, knees, and ankles. Prolonged pressure lasting for a few hours can 
cause tissue ischemia and resulting necrosis. The risk factors for the development 
of ulcers are older age, obesity, diabetes, and the administration of steroids, 
although the duration of surgery may be the biggest risk factor. Appropriate pad-
ding and attention during positioning should be given to protect bony prominences 
and joints (e.g., the facial area, elbows, anterior superior iliac spines, knees, and 
feet). External genitals must be free of pressure or traction caused by urethral 
catheters.

Compartment syndrome after spine surgery is rare, albeit anterior thigh and ante-
rior tibial compartment syndromes have both been reported. Two cases of anterior 
thigh compartment syndrome after lumbar spine surgery have been reported [44]. 
Both patients were obese and positioned on a Jackson table with well-padded bony 
prominences, but the thigh and iliac crest pads were switched in order to increase 
lumbar lordosis. Postoperatively, the patients complained of moderate quadriceps 
weakness with pain and stiffness in their thighs. In one case, the patient improved 
and postoperative MRI of the thighs revealed local muscle necrosis. In the other 
case, the patient had severe pain and thigh swelling. Consequently, fasciotomy was 
performed on postoperative day 2. In spite that, the patient developed rhabdomyoly-
sis and acute kidney injury [44].

25.5.2  Hemodynamic Complications

Prone positioning during spinal tumor surgery can seriously affect the patient’s 
vascular system. If the abdomen is not free of compression during the surgery, 
this can restrict the blood flow through the inferior vena cava, which then results 
with swelling of the epidural veins. Consequently, the blood stasis in the spinal 
canal can cause excessive bleeding in the surgical field, which can aggravate the 
operation, significantly extend the time of the procedure, and increase blood loss. 
There is a risk of hypovolemia with postural hypotension and reduced cardiac 
function in the prone position combined with the excessive blood loss can dete-
riorate hypoperfusion to multiple organ systems, leading to acute kidney failure. 
Abdominal compression during surgery in the prone position and increased 
intraabdominal pressure should be avoided with proper positioning on the surgi-
cal table using appropriate frames and supports. Although rare, complications 
following peripheral arterial and vein compression during surgical positioning 
can also be avoided with properly secured pressure points (i.e., carotid/jugular, 
femoral).

25 Complications in Treatment of Spinal Cord Tumors and Prevention Surgical
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25.5.3  Ophthalmologic Complications

The incidence of perioperative visual loss after spine surgery ranges from 0.02–
0.2% with an increased risk related to prone positioning and comorbidities like 
diabetes mellitus and coagulopathies. Various causes of perioperative visual loss 
have been described, including direct compression, anterior and posterior ischemic 
optic neuropathy, central retinal artery or vein occlusion, cortical blindness, acute 
closed-angle glaucoma, and amaurosis [45].

Ischemic optic neuropathy is the most common cause of perioperative visual 
loss. Risk factors include anemia, diabetes, obesity, male gender, Wilson frame use, 
microvascular pathology, prolonged operative time, longer anesthetic duration, 
increase in orbital venous pressure due to Trendelenburg positioning and placement 
of the head below the heart, intraoperative hypotension, and extensive blood loss. 
Patients usually notice prodromal blurred vision or immediate vision loss upon 
waking from general anesthesia, which can result in complete blindness with no 
effective treatment available.

Central retinal artery occlusion (headrest syndrome) is the second-most com-
mon cause of perioperative visual loss after spine surgery in prone position. 
Suggested etiology includes thromboembolism or increased intraocular pressure 
from direct compression of the ocular bulb, which disrupts perfusion of the retina. 
Patients usually have unilateral periorbital ecchymosis and visual loss that is irre-
versible with no effective treatment. A cherry-red spot on the macula can be located 
with fundoscopic exam.

Cortical blindness is a result of decreased perfusion of the occipital lobe visual 
cortex. Etiology includes thromboembolism, hypotension, or cardiac arrest. 
Symptoms are usually barely conspicuous. Fundoscopy is usually normal, but 
visual field testing will reveal visual field defects. Unilateral cortical blindness is 
present with contralateral homonymous hemianopia, and bilateral cortical blindness 
may cause complete peripheral vision loss. After initial ischemic insult, symptoms 
usually ameliorate without treatment, but full recovery is rare.

Acute angle-closure glaucoma can result from prone positioning in susceptible 
patients. In 2010, Singer and Salim reported a case of bilateral acute angle-closure 
glaucoma after spine surgery with eye pain and nausea [46]. Optional treatment is 
laser iridotomy.

Amaurosis represents the permanent or transient (amaurosis fugax) loss of 
vision without obvious eye lesion. Etiology is proposed to be thrombosis or embolic 
stroke of the ophthalmic artery. Subconjunctival hemorrhage is an infrequent 
asymptomatic complication of spine surgery in the prone position with no need for 
treatment.

25.5.4  Prevention of Ophthalmologic Complications

Strategies to prevent or reduce the risk of ophthalmologic complications are proper 
positioning with avoidance of ocular bulb compression, neutral-head or slight 
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head-up position, reverse Trendelenburg positioning and the employment of frames 
that prevent abdominal compression. Diminishing orbital venous pressure or intra-
ocular pressure reduces the risk for perioperative visual loss. Limiting prolonged 
intraoperative hypotension and the duration of anesthesia is also helpful. Special 
caution and care should be taken in high-risk patients with obesity and comorbidi-
ties like diabetes, vascular disease, anemia, or in patients where excessive blood loss 
and prolonged operation is expected. Lubrication of the cornea (ocular ointment) 
and adequate eye occlusion are necessary to avoid direct corneal damage [45]. 
Using adherent googles for eye protection may help minimize ophthalmologic 
complications.

25.5.5  Neurological Complications

As a result of inadequate prone positioning, certain neurological complications such 
as brachial plexus injury, acute cervical myelopathy or spinal cord infarction can 
occur.

Brachial plexus injury. The brachial neural plexus is under increased risk of 
traction injury. Postoperative brachial plexus injury and other peripheral nerve inju-
ries are considered common complications due to inadequate positioning during 
spinal surgery. A neuropraxia or axonotmesis are the most common types of injury. 
Recovery is expected, but complete improvement is rarely achieved. Hypovolemia, 
hypothermia, diabetes mellitus, and other adverse conditions increase the risk of 
nerve injury.

In 2010, Uribe et al. reported a review of postoperative brachial plexus injuries 
identified in 17 out of 517 patients after spine surgery in prone position [47]. The 
risk for the injury was higher with the hyper-abduction of the arm, extension and 
external rotation of the arm, rotation and lateral flexion of neck, and application of 
shoulder braces. Intraoperative electrophysiological monitoring (SSEPs and MEPs) 
was used to identify the injury in 15 patients, as well as for the prevention of further 
injury. No electrophysiological evidence of injury was noticed in the remaining two 
patients who had transient upper extremity weakness postoperatively that resolved 
within few weeks [47].

Spinal cord injury. Although a rare complication, injury of the spinal cord can 
happen during spinal surgery. It may happen indirectly in patients who have con-
comitant cervical spine disease with severe stenosis or degenerative instability, and 
can be more common among the elderly population. It is advisable to obtain X-rays 
of the cervical spine in all patients who may have a suspected cervical spine degen-
erative disease. It is important to pay attention and carefully manage the neck during 
intubation, as well as during the positioning of the patient. This injury may result 
from a combination of neck extension during endotracheal intubation and inappro-
priate prone positioning, muscle relaxation during anesthesia, and rough manipula-
tion during surgery.

Spinal cord infarction. Following prone positioning, spinal cord infarction is 
rare but can happen in severe hypotension during surgery, especially when the 
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patient is hypovolemic. This type of injury occurs during spinal intradural tumor 
surgery when spinal cord blood supply is endangered due to surgical manipulation. 
Meticulous surgical technique is necessary to preserve spinal cord vascularization 
and avoid mechanical damage to the neural tissue.

A rare case of neurologic deterioration after spinal cord tumor surgery was 
reported due to intradural tension pneumorrhachis [48]. Development of syringo-
myelia years after removal of benign spinal extramedullary neoplasm may also lead 
to late neurological deterioration [49].

25.5.6  Other Peripheral Neuropathies

These rare but important perioperative complications can result in significant patient 
disability and loss of function. In 2009, Welch et al. reported the incidence of peri-
operative peripheral nerve injury at a single institution during a 10-year period as 
0.03–0.1% [50]. The most common perioperative peripheral nerve injury was ulnar 
neuropathy, which occurred in 0.5% of surgical patients, primarily men between 
50–75 years of age. It occurred in 3 out of 7 patients who had developed permanent 
neuropathy with residual symptoms. The injury had a delayed onset with symptoms 
developing within a few days postoperatively. The symptoms included the loss of 
hand grip strength, discomfort, and numbness [50].

Patients with sensory deficits have a better chance for complete recovery com-
pared with those who have combined motor and sensory deficits. Permanent injury 
leads to a claw-like deformity due to atrophy of the intrinsic muscles of the hand. 
Injury can occur due to excessive flexion of the elbow or direct pressure on the nerve 
over the cubital tunnel (or the collateral ulnar artery and vein), or if the arm of the 
patient accidentally falls off of the arm board during surgery, both of which result-
ing in reduced perfusion and ischemia.

Cho et  al. reported lateral femoral cutaneous nerve neuropathy—or meralgia 
paresthetica—as a result of direct compression, which accounted for an incidence 
of up to 24% after spinal surgery in prone position [51]. Compression usually 
occurs due to the placement of pelvic bolsters near the anterior superior iliac spine. 
Risk increases with the duration of surgery and degenerative spinal disease with 
previous damage of the lumbar nerve roots. Patients postoperatively complain of 
paresthesia in the thigh, although complete resolution is expected within several 
months.

25.5.7  Intraoperative Neurophysiological Neuromonitoring

The modalities of intraoperative monitoring include somatosensory evoked poten-
tials (SSEP) and motor evoked potentials. SSEP monitoring is used to detect periph-
eral nerve conduction abnormalities that show peripheral nerve stress and threaten 
injury. It indicates position modification to protect peripheral nerves from injury 
under general anesthesia during surgery. The incidence of position related 
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significant upper extremity SSEP changes during spine surgery ranges from 1.8 to 
15% [52].

25.5.8  Airway and Vascular Complications

Some rare airway and vascular complications are associated with prone positioning 
during spine surgery. Tongue-bite protector devices or strategies should always be 
considered with patients in the prone position. Miura et al. reported a case of mas-
sive tongue swelling, causing airway obstruction after spinal surgery [53]. Orpen 
et al. reported 2 cases of bilateral avascular necrosis of the femoral head and 1 case 
of unilateral avascular necrosis after lumbar spine surgery [54]. Signs of early 
osteoarthritis were seen on preoperative radiographs, which increased probable sus-
ceptibility to ischemic insult. Pressure on the inguinal area with artery compression, 
combined with reduced venous outflow and hypotension, were related to avascular 
necrosis of the femoral head.

25.6  Wound Complications

Local surgical-site complications are important causes of postoperative morbidity 
following spinal surgery. Disruption of skin sutures or failure of the wound to heal 
can lead to rupture of the wound closure, seroma or hematoma formation, wound 
dehiscence, and wound infection (superficial or deep wound abscess). Risk factors 
that contribute to wound healing complications are excessive suture tension, poor 
blood supply, diabetes, steroid treatment, malnutrition, radiotherapy, and immuno-
suppressive therapy. All wound complications can lead to wound defects and scar-
ring with poor cosmetic appearance.

Seroma and hematoma are excessive collections of serous fluid or blood in the 
wound of the surgical site. Hematomas are frequently the result of inadequate pri-
mary hemostasis, unrecognized preoperative bleeding diathesis, or increased use of 
preoperative anticoagulants and prophylactic treatments for deep vein thrombosis. 
They can cause the skin incision to separate and predispose wound infection since 
there is no skin barrier against causative bacteria, which can then get into deeper 
layers of the wound. Clinical manifestations usually appear a few days postopera-
tively. Seroma or hematoma in the wound may be asymptomatic or manifest with 
swelling, pain or drainage. Their presence increases the pressure to the wound and 
compresses surrounding blood vessels, causing wound ischemia and possible tissue 
necrosis. Hematomas can also cause necrosis due to induction of cytotoxic mecha-
nism by free-radicals. Local erythema, wound induration, fever, and leukocytosis 
are possible if the collection is infected. Late postoperative hematoma a few days 
after surgery usually occurs due to the infection that damages vessels at the opera-
tion site. Additional diagnostic assessment can be done with ultrasound, CT and 
MRI to verify the extent of collection, which is especially important in case of pos-
sible CSF leak and pseudomeningocele formation. Treating these complications can 
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sometimes be difficult because it includes fine-needle aspiration, which usually 
needs to be repeated and carries the risk of infection entering the wound. In many 
cases the surgical re-exploration is recommended. To prevent seroma and hema-
toma formation, delicate surgical technique with careful control of bleeding is 
imperative. Since fluid collects in surgically-created “dead spaces,” it is important 
to diminish or eliminate these potential spaces. Quilting sutures may be used to 
reduce the “dead space” formation and drains can be inserted for fluid drainage, 
which is carefully monitored postoperatively, so that the wound layers would close 
more easily and the body’s natural fibrin glue could connect the layers for better 
wound healing.

Wound dehiscence is a partial or complete disruption of wound closure along 
the surgical incision. This is a serious complication that may lead to local infection, 
wound opening, and the possibility of repeated dehiscence. Management includes 
analgesics, fluid resuscitation, prophylactic antibiotics, early cutting and re-suture 
of the edges under general anesthesia for clean wounds, or secondary wound clo-
sure with frequent sterile dressing changes to the wound and debridement for 
infected wounds. Prevention is achieved through reducing stress on the wound 
edges by adequate undermining, avoiding physical stress, adequate nutrition, diabe-
tes control, and certain medications, such as corticosteroids. Sterile strips may be 
used to reinforce the suture line.

Wound infection is a relatively frequent complication after spinal surgery. These 
complications significantly increase the length of hospital stay and hospitalization 
costs. The most common form is a superficial wound infection that occurs during 
the first week postoperatively and presents with localized pain, redness, and slight 
discharge or pus draining. It is necessary to make wound culture sampling for 
appropriate antibiotic treatment according to antibiogram. Wound debridement and 
cleansing should be regularly done with frequent sterile dressing changes that allow 
the tissue to granulate. The wound heals by secondary intention over several weeks. 
Early or delayed closure of infected wounds is not recommended because it is asso-
ciated with relapse of infection and wound dehiscence.

Cellulitis and abscesses usually present within the first few weeks postopera-
tively, but can be seen later, even after hospital discharge. They present with 
pyrexia and local signs of redness and a painful lump due to pressure and inflam-
mation. Cellulitis is treated with antibiotics. An abscess is a collection of pus, 
bacteria, and debris; treatment—aside from antibiotic use—is surgical incision 
and drainage. Superficial abscesses can drain spontaneously or require suture 
removal and probing of the wound, but deeper abscesses require surgical re-
exploration for deeper tissues to be inspected for integrity and the source of infec-
tion. The wound is left open to heal by secondary intention. Deep chronic abscess 
can form a wound sinus with possible fistula formation, which requires surgical 
re-exploration.

To minimize the risk for wound infection, it is important to identify and treat all 
infections distant to surgical site, as well as to delay elective surgery until the 
infection is treated. Preoperative hyperglycemia should be avoided and blood glu-
cose level optimized. The night before surgery, patients need to have a shower/
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bathe with antiseptic soap. Preoperatively, attention should be given to proper 
asepsis and surgical site preparation. Commitment to generally accepted surgical 
principles of delicate and minimal tissue dissection and proper wound closure is 
important.

Antibiotic prophylaxis for the prevention of wound infection is recommended 
because the consequences of infection after spinal intradural surgery can be severe. 
The selected antibiotic should be effective against the predicted pathogens likely to 
be encountered during the surgical procedure with good tissue penetration and cost 
effectiveness. Antibiotics are administered intravenously, generally 30–60 minutes 
prior to surgical incision. The timing of administration is very important because the 
concentration of the antibiotic should be at therapeutic levels during the time of 
surgery and for a few hours postoperatively. Usually, the administration of antibiot-
ics is continued postoperatively for the duration of drains in situ.

The incidence of antimicrobial resistance has increased over the past few decades 
and it is of great importance to minimize the continuing emergence of antibiotic 
pathogen resistance because the current rate of development of new antibiotic treat-
ments is insufficient. It is critically important to avoid unnecessary antibiotic admin-
istration and to increase the effectiveness of prescribed antibiotics. Methods of 
prevention and effective treatment are mandatory to reduce the frequency, morbid-
ity, and costs associated with surgical site infections.

25.7  Other Infective Complications

25.7.1  Meningitis

Meningitis is the most intimidating cause of morbidity and mortality in neurosurgi-
cal patients. It can be a serious complication and life-threatening condition after 
spinal surgery. The reported incidence of postoperative meningitis varies between 
0.4 and 7% [55, 56]. In the study by McClelland et al. [56], the incidence of postop-
erative meningitis was 0.4% out of 492 spinal surgery cases. The most common 
causative organism was Staphylococcus aureus. The incidence of meningitis after 
spinal surgery is higher in patients with intradural tumors due to dural opening with 
possible postoperative CSF leak. Every accidental dural tear with CSF leak after 
spinal surgery increases the chance of developing meningitis. Other risk factors 
include diabetes, alcoholism, compromised immune system, and immunosuppres-
sive therapy. In case of suspected meningitis, a CSF sample should be taken for 
gram stain and microbial culture. Antibiotic or a combination of antibiotics should 
be given empirically or based on sensitivity from gram stain results [57]. Good CSF 
drug penetration is mandatory. In combination with antimicrobial treatment, corti-
costeroids reduce the inflammation in the subarachnoid space and improve the out-
come of bacterial meningitis. Meningitis is sometimes difficult to treat and without 
proper prevention, it may become a severe complication that significantly increases 
the length of hospital stay and the cost of medical treatment, especially in cases with 
multidrug-resistant infections.
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25.7.2  Urinary Tract Infection

Nosocomial urinary tract infections are the most common of all hospital-acquired 
infections. The risk for developing nosocomial urinary infections increases in 
patients with urinary catheters, older patients, and those with comorbidities, such as 
diabetes and obesity. Almost 80% of hospital-acquired urinary tract infections are 
associated with urinary catheters. Patients with spinal cord tumors or injury have an 
increased risk for urinary tract infection because of retention and chronic catheter 
use. The causative organisms usually originate from the patient’s endogenous intes-
tinal flora. The most common cause of infection is Escherichia coli, although other 
bacteria or fungi may be the cause of infection, too. Preventive measures include 
sterile equipment and catheterization using an aseptic technique for insertion. 
Nosocomial pathogens have a higher antibiotic resistance than simple urinary infec-
tions. Urinary tract infections should be treated with targeted antibiotics only after 
a urine sample microbiological analysis.

25.7.3  Pneumonia

Postoperative pneumonia is a hospital-acquired or ventilator-associated disease 
after endotracheal intubation. It is the second most common nosocomial infection 
after urinary tract infection and the leading cause of mortality attributed to infec-
tion. Pneumonia is usually bacterial and most infections are caused by gram- 
negative aerobes like Pseudomonas aeruginosa, Klebsiella pneumoniae, 
Enterobacter species, Serratia, and Acinetobacter species. However, Methicillin- 
resistant Staphylococcus aureus (MRSA) is the predominant gram-positive patho-
gen. Preventive strategies may be nonpharmacological and pharmacological. Major 
strategies for effective prevention of postoperative pneumonia are good postopera-
tive care, infection-control practice, and surveillance of local nosocomial infection 
rates.

25.8  CSF-Related Complications after Intradural Spinal 
Tumor Surgery

The incidence of CSF-related complications after intradural spinal tumor surgery is 
hypothesized to be underreported, but still remains high nevertheless. It has been 
reported between 5–18% of patients [1–12, 20, 21, 55]. CSF leak is a potential and 
common complication after any dural opening, occurring accidentally or during 
intradural tumor surgery, which can lead to significant morbidity and mortality. It 
can be asymptomatic or cause intracranial hypotension with persistent headaches, 
nausea, and vomiting. Neuropathic pain and neurologic deficits can be caused by 
neural elements’ herniation (protrusion) out of dural opening. Locally, it can present 
with wound swelling or CSF drainage through the skin incision, which can be seen 
as leakage that creates a central reddish spot with a surrounding halo on 
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wound-coverage gauze or bed sheets. Consequently, there is a high risk for the 
development of meningitis, and/or pseudomeningocele and fistula formation.

MRI remains the gold standard in diagnostics of CSF fistulae and their compli-
cations (Fig.  25.4). If CSF leak is suspected, additional confirmation can be 
achieved with the analysis for Beta-2 transferrin, which is a specific protein marker 
for CSF.

Treating these complications is a vexing problem and often requires prolonged 
post-operative bed rest, surgical re-exploration, placement of an external lumbar 
drain, and a prolonged use of antibiotics [12–16, 18–20]. Despite Mayfield and 

a b

c d

Fig. 25.4 Postoperative T-2 weighted sagittal and axial MRIs showing CSF leak into dorsal tissue 
with giant pseudomeningocele and fistula formation compressing the thecal sac after intradural 
tumor surgery in cervical (a, b) and lumbar spine (c, d)
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Black’s recommendation to use a fat graft to prevent spinal surgery CSF complica-
tions [58, 59], the current practice has not gained routine use. However, some 
authors have prospectively adopted the intraoperative use of autologous fat grafting 
for dural closure. Arnautović reported a case series of 40 consecutive patients 
treated surgically for spinal intradural tumors with no CSF-related complications 
postoperatively using this technique [60].

Two recent studies evaluated the efficacy of polyethylene glycol sealants in an 
attempt to decrease the rate of CSF-related complications after intradural spinal 
surgery [61, 62]. Goodwin et al. reported that CSF leaks occurred in 5% of patients 
and meningitis occurred in 1% in their series [61]. Similarly, Wright et al. compared 
the use of polyethylene glycol sealant with standard dural closure [62]. The rate of 
complications related to CSF leak requiring re-operation in the sealant treated group 
was 7% compared with 13% in the standard dural closure cohort. Besides that, each 
cohort had an additional 4% rate of pseudomeningocele formation that did not 
require re-operation.

The effect of CSF-related complications on outcomes is particularly important in 
older patients with medical comorbidities. Such patients may not tolerate the pro-
longed bed rest required to manage the CSF-related postoperative complications. 
An increased number of elderly patients with intradural spinal tumors (ISTs) who 
require surgical treatment have also been reported by Sacko et al. [16]. The addi-
tional complications mentioned earlier can also jeopardize an otherwise successful 
surgery and rehabilitation process.

25.8.1  Prevention Strategies

After tumor resection the dura is usually closed primarily, if possible. Sometimes a 
dural patch graft may be necessary for dural closure (autologous fascia lata, thora-
codorsal fascia patch graft, or artificial dural substitute patches) (Fig.  25.5). 

a b c

Fig. 25.5 (a) Post-contrast sagittal T1-weighted MRI showing the enhancing tumor intradural, 
extramedullary tumor (schwannoma at C1–C2). (b) Axial T2-weighted MRI showing the left- 
sided tumor involving the C1–C2 intervertebral foramen and compressing the spinal cord. (c) 
Postoperative axial T2-weighted MRI showing the radical tumor resection. Note the fat graft over-
lying the dura dorsally and reinforcing dural closure
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Meticulous closure technique is obligatory, especially for repeated surgeries or a 
previously irradiated spine. Bed rest is recommended for 24 to 48 hours after sur-
gery to minimize CSF pressure on the dural closure. Thromboprophylaxis is needed 
during this period, after which gradual mobilization and physical therapy should 
commence. Any suspicion of CSF leak should be treated early; wound revision is 
necessary to prevent further complications.

25.8.2  The Technique of Dural Closure by Autologous  
Fat Grafting

If the dural incision is in the midline after watertight dural closure, the Valsalva 
maneuver is performed at 30 cm H20 for 5–10 s to ensure the dura is closed properly. 
If any area in the suture line leaked CSF, an additional suture is placed and a piece 
of fat tissue cut and positioned inside the stitch, which is then tightened. This 
maneuver reinforces the dural closure.

If the dural incision is T-shaped (i.e., for dumbbell, intra/extradural, or forami-
nal tumors), or Y-shaped (i.e., for sacral canal/foraminal tumors), the dural inci-
sion in the midline and its T or Y-shaped extension over the spinal nerve root are 
closed in running fashion with 5–0 Prolene stitches. Multiple pieces of fat tissue 
are then incorporated into single additional dural sutures to achieve watertight 
closure and reinforce the dural closing. When suturing is complete, a layer of fat 
tissue 6–8 mm thick is placed over the entire exposed dura to obliterate the dead 
space remaining after a laminectomy or facetectomy. The fat tissue allograft 
nicely conforms to the allotted space and serves as filler. The fat graft also creates 
light pressure on the dural suture line, lessening the chance of CSF seepage and 
pseudomeningocele formation. In other words, the graft prevents a potential low-
pressure space into which CSF may migrate and form a pseudomeningocele, later 
producing CSF leak. Finally, fibrin glue is applied over the graft to conclude the 
procedure.

The spinal dura appears to be the thickest dorsally in the midline and thins later-
ally, particularly along the dural sleeves of the spinal nerve roots. Therefore, a run-
ning dural midline suture is used to achieve watertight closure after the tumor is 
removed, and then the Valsalva maneuver is used to ensure it. Still, there is no 
guarantee that the suture line will not weaken or that a leak will not occur after the 
patient is mobilized postoperatively, when CSF fully replenishes and patient engages 
in full physiologic CSF pressure challenges on the dural suture line. However, CSF 
may still seep into the low pressure dead-space created after a laminectomy, leading 
to a pseudomeningocele formation or CSF leak. Reinforcing the dural suture line 
with autologous fat is useful, particularly in cases when the Valsalva maneuver 
revealed CSF seepage. In addition, the fat graft obliterates the dead space created by 
a laminectomy and muscle dissection, and generates gentle pressure to the dural 
suture line. After 1 year follow-up, MRI scans of the spine usually show that the fat 
autograft is totally reabsorbed avoiding any scar formation.
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In some cases, it may be impossible to achieve watertight dural closure. These 
patients are particularly at risk for CSF leak and, therefore, may clearly benefit from 
the concept of autologous fat grafting. The cases are as follows:

• An intradural spinal tumor in a sacral location
• A craniospinal intradural tumor requiring a Y-shaped dural incision and patch 

grafting
• When the tumor invades the dura (e.g., meningioma) and necessitates dural exci-

sion to achieve radical resection and subsequent dural patching
• If the lesion is a dumbbell intradural extramedullary spinal tumor extending into 

the intervertebral foramen and beyond

The fat graft is always harvested on the left side of abdominal wall to prevent 
possible confusion in the case of a future appendectomy or other abdominal surgery 
on the right side (Fig. 25.6). Fat deposits are abundant in the abdominal wall area 
even in patients with a low Body Mass Index (BMI). There is no significant time or 
expense added to surgery, nor complications like infection, hematoma, or cosmetic 
problems. In addition, fat autograft carries no risk of hypersensitivity reaction or 
infectious disease transmission. A separate skin incision is favored for the tissue 
removal, rather than harvesting fat from the subcutaneous tissue in the area of the 
primary incision. This approach prevents the development of additional tissue 
pouches in the primary surgical area that may favor a pseudomeningocele or hema-
toma formation and jeopardize wound healing.

The prospective use of autologous fat grafting ensures watertight dural clo-
sure and obliterates the dead space created during surgical exposure, muscle 
dissection, and bone removal. This technique appears to significantly reduce, if 
not completely eliminate, postoperative CSF-related complications in patients 

Fig. 25.6 Left abdominal 
wall fat graft harvesting
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with ISTs, without adding any significant operative time, expenses or 
complications.

25.9  Deep Vein Thrombosis and Pulmonary Embolism

Spinal surgery is classified as a moderate risk for deep vein thrombosis (DVT), 
which is a major cause of morbidity but can be prevented with thromboprophylaxis. 
In terms of SCT surgery, there is a potentially difficult decision between balancing 
the risk of a thromboembolic accident and the risk of permanent neurological dam-
age from postoperative bleeding in the spinal canal. Yamasaki et al. found that the 
overall incidence of DVT in patients undergoing lumbar spine surgery was 32.3%, 
but the incidence depends on the invasiveness of the procedure. Among those 
patients, 15.8% received anticoagulant therapy and none of them experienced pul-
monary embolism (PE) or epidural hematoma. A follow-up vein ultrasonography 
3 weeks postoperatively showed resolution of DVT in 86.7% of cases [63].

Dhillon et  al. reported data from retrospective analysis of 6869 consecutive 
patients after spinal surgery and found that the risks of spinal epidural hematoma 
were low and equivalent to patients who received or did not receive chemoprophy-
laxis [64]. The authors concluded that anticoagulation therapy is safe for patients at 
high risk for thromboembolic complications from day 1 to day 3 after surgery. Fawi 
et al. reported a review of 2181 patients with elective spinal surgery, where a peri-
operative protocol involving mechanical anti-embolism stockings, adequate hydra-
tion, and early post-operative mobilization was effective in significantly reducing 
the incidence of thromboembolic complications [65]. The addition of low molecular 
weight heparin (LMWH) was reported safe in patients at higher risk of developing 
thromboembolic events.

Mosenthal et al. published a systematic review and meta-analysis of 28 articles 
on thromboprophylaxis in spinal surgery [66]. They found that the incidence of 
thromboembolic complications after spinal surgery is not well established due to 
variety of the small number of studies available. The incidence of DVT and PE was 
relatively low, regardless of prophylaxis type. The authors concluded that the role of 
thromboprophylaxis in spinal surgery remains undetermined. They also suggested 
the use of chemoprophylaxis because of the relatively high rate of fatal PE they 
discovered in 6% of the cases in their series.

Successful management of thromboembolic incidents depends on preoperative 
risk evaluation, including prophylactic treatment and early diagnosis, in order to 
avoid PE and other complications.

25.10  Complications of Immobilization and Bed Rest

Prolonged bed rest with inactivity and immobilization inevitably leads to complica-
tions, which are often much easier to prevent than to treat. Necessitated bed rest due 
to illness or recuperation after surgery for intradural and spinal cord tumors, 
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paralysis, loss of sensation, and immobilization of the spine may complicate pri-
mary disease and become an even greater problem. Geriatric patients, those with 
neurological deficit, and those with different comorbidities have a greater risk of 
developing these complications.

25.10.1  Cardiovascular Complications

Cardiovascular complications include increased heart rate, decreased cardiac 
reserve, orthostatic hypotension, VTE, and myocardial infarction.

25.10.2  Musculoskeletal Complications

Muscle weakness and atrophy together with the loss in muscle strength and endur-
ance are commonly caused by prolonged immobilization. Nearly half of normal 
muscle strength is lost within few weeks of immobilization, which can prevent ver-
ticalization and early rehabilitation of the patient. Unfortunately, the rate of recov-
ery for these patients is slow.

25.10.3  Joint Contractures

Contractures are fixed deformities of joints as a consequence of immobilization and 
are commonly seen in patients with paralysis. Unsuitable bed positioning can result 
in joint deformities, particularly in the lower extremities. Contractures can be pain-
ful, limit positioning, complicate bathing and bed transfers, increase the risk of 
pressure sores, and lengthen hospital stay. Treatment of contractures is based on 
prevention with a goal of performing active or passive range-of-motion (ROM) 
exercises, changing the positions of immobile joints regularly, and using resting 
splints. Established contractures are treated with passive ROM and terminal stretch-
ing for 30 seconds. Contraindications to aggressive management of immobilized or 
contracted joints include fractures, osteoporosis, acute arthritis, ligamentous insta-
bility, and insensitive areas.

25.10.4  Osteoporosis

Disuse osteoporosis is bone loss during long-term immobilization. It can lead to 
fractures of the spinal vertebrae, resulting in kyphosis and chronic back pain.

25.10.5  Decubitus Ulcers

Pressure sores or decubitus ulcers are localized areas of cellular necrosis over bony 
prominences subjected to external pressure greater than capillary pressure for 
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prolonged period of time. These complications occur most often in patients with 
spinal cord injuries and elderly patients. Obese and comatose patients are at particu-
lar risk for pressure sores. Patients in supine position usually get sores on the sacrum 
and heels, while sitting patients have sores on the ischial tuberosity. In patients who 
lie on their sides, sores occur on their hips and ankles. The most common problem 
associated with decubitus ulcers is infection with both aerobic and anaerobic bacte-
ria. Deeper tissue and bone infection can result in sinus formation, periostitis, and 
osteomyelitis. Draining ulcers can be a source of large daily water and protein loss. 
Prevention of pressure sores depend on relieving the pressure by means of reposi-
tioning the patient every few hours via turning. Meticulous skin care and nursing are 
of utmost importance in prevention of pressure sores. Factors that interfere with 
healing include a necrotic ulcer surface, tissue hypoxia, malnutrition, infection, and 
improper wound care. Treatment is based on blood supply restoration to ulcer tissue 
by relieving localized pressure. It is essential to surgically remove all necrotic tis-
sue. Granulation can be improved with available ready-made wound dressings that 
allow better wound healing. Surgery is sometimes indicated for deep pressure sores 
(Grades 3 and 4) and ulcers larger in diameter. Current surgical practice involves 
excising the ulcer and covering the defect with skin or myocutaneous flap.

25.11  Conclusion

The gravest complications in the surgical treatment of SCTs—those having high 
morbidity and mortality rates—are thromboembolism and infections like meningi-
tis. Therefore, preventive measures are the primary concern of every neurosurgeon 
dealing with such an issue with the goal being improved management outcomes. 
CSF leak is an important topic when considering surgical strategies to avoid com-
plications since leaks can be easily prevented by executing a meticulous and effec-
tive surgical protocol.

The best surgical strategy is prevention, which includes careful preoperative, 
perioperative, and postoperative surgical planning and anticipation and prevention 
of all surgical complications. If any occur, complications should be detected and 
treated as early as possible. Nursing care of the highest standard and daily bedside 
visits with the patient by neurosurgeon are of utmost importance.
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26.1  Introduction

Spinal cord injury (SCI) from primary intradural tumors, and their treatment, pose 
a multitude of complex medical and psychosocial challenges. Generally, it results in 
devastating loss of function, lifelong complications and a significant adjustment for 
the patient, family and caregivers. The rehabilitation of patient with spinal cord 
tumors requires early consideration and counseling on prognosis, potential impair-
ments, activity limitations and participation restrictions. Tumor histology is the 
most important predictor of neurological outcome after surgical resection because it 
predicts resectability and recurrence [1]. Successful rehabilitation must be patient 
centered, goal oriented and include the active participation of the patient as well as 
an interdisciplinary team. Timely focus on rehabilitation facilitates patient educa-
tion regarding expectations and the transition from acute care to home. The partici-
pation in a rehabilitation program improves function, mood, quality of life and 
survival of patients with spinal cord tumors [2].

In this chapter, we will utilize the World Health Organization (WHO) International 
Classification of Function (ICF) to outline the impact of spinal cord tumors on qual-
ity of life. There are four main definitions in the ICF described in Table 26.1.
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26.2  Disease: Primary Intradural Tumors of the Spinal Cord

Primary tumors of the spinal cord are relatively rare lesions representing 2–4% of 
all tumors arising from the central nervous system [3] and about 15% of tumors 
affecting the spinal cord [4]. Secondary tumors (i.e., metastatic lesions) to the spinal 
cord account for the remaining 85% of spinal cord injuries from oncologic entities. 
According to the WHO pathology classification (Table 26.2), the majority of pri-
mary tumors of the spinal cord are classified as low grade and the median age at 
presentation is 41 with a range of 18–47 [5]. The most common presenting symp-
toms of intradural tumors include pain (72%), motor weakness (55%), sensory loss 
(39%) and sphincter disturbance (15%). Meningiomas are the most common histo-
logic type making up 29% of all intradural tumors, followed by nerve sheath tumors 
(24%) and ependymomas (23%) [6]. Primary Intradural tumors of the spinal cord 
are subdivided into intramedullary and extramedullary.

26.2.1  Intramedullary Tumors

Nighty percent of intramedullary neoplasms are astrocytomas and ependymomas 
[7]. Pain, weakness and paresthesia are present on diagnosis. Syringomyelia syn-
drome, from tumor-associated syrinx, with loss of pain/temperature sensation and 
motor dysfunction, may also be present. The diagnostic modality of choice is mag-
netic resonance imaging (MRI) of the spine, with features including focal or holo-
cord spinal cord expansion, syrinx, T2-weighted and fluid-attenuated inversion 
recovery (FLAIR) image hyperintensity, and T1 hypointensity.

Ependymomas are most prevalent in the adult population and are classified into 
two pathological type, cellular (classic) and myxopapillary. Cellular ependymomas 
(WHO Grades 2 and 3) arise from the intraspinal canal and occur at the level of the 
cervical and thoracic spine, while the myxopapillary type (WHO Grade 1) originate 
from the filum terminale, thus exclusively found at the conus medullaris. They rep-
resent about 23% of all primary spinal cord tumor and males have the highest inci-
dence rate, 0.21 per 100,000 person/year [6]. These tumors are largely benign and 
have an indolent course, with the exception of rarely occurring anaplastic ependy-
moma (WHO grade 3). Surgical resection is the most effective treatment yielding 
90–100% local control rate; even with residual tumor is left behind. External beam 

Table 26.1 World Health Organization international classification of functioning

Definitions
Disease: A pathologic condition resulting in signs or symptoms.
Impairments: Problems in body function or structure such as a significant deviation or loss of 
a body part or organ system.
Activity limitations: Difficulties an individual may have in executing activities of daily life.
Participation restrictions: Problems an individual may experience in involvement in life 
situations.
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radiotherapy, at doses of 45–54 Gy, is indicated for locoregional partially resected 
WHO Grades 2 and 3 tumors. Chemotherapy is limited to patients for which surgery 
and radiation are not an option or those that have failed previous treatment. 
Chemotherapeutic agents used include etoposide and platinoid salts; temozolomide 
appears to be ineffective. The 5-year survival for ependymomas is estimated to be 
100% for grade 1 tumors, 98% for grade 2 tumors, and 64% for grade 3 tumors [8].

The second most common intramedullary tumor of the spinal cord are astrocy-
tomas, 75% of which are low-grade fibrillary astrocytomas (WHO Grade 2), with 
5-year survival greater than 70% [9]. The remaining 25% of astrocytomas include 
anaplastic (WHO Grades 3 and 4) with a low survival rate, and pilocytic (WHO 
Grade 1) with good prognoses. Histologically, these tumors tend to infiltrate adja-
cent tissue and are not amenable to en bloc surgical resection [9]. Biopsies are 
usually performed for tissue diagnosis, as differentiation from ependymoma is not 
possible through MRI. Radiation therapy is recommended for patients with high- 
grade histology, biopsied only tumor or those with evidence of disease 

Table 26.2 Summarized 2016 WHO Grading System for Spinal Cord Tumors

Classification Histology Specific type Grade
Neuroepithelial 
tumors

Astrocytic tumors (glial 
tumor)

Pilocytic astrocytoma I
Pleomorphic xanthoastrocytoma II
Fibrillary astrocytomas II
Anaplastic astrocytoma III
Glioblastoma multiforme IV

Oligodendroglial tumors Oligodendroglioma II
Anaplastic Oligodendroglioma III

Ependymal cell tumors Ependymoma II
Myxopapillary Ependymoma I
Subependymoma I

Mixed Gliomas Mixed oligoastrocytoma II
Anaplastic oligoastrocytoma III

Neuronal and mixed 
neuronal/glial tumors

Gangliocytoma I
Ganglioglioma I/II
Anaplastic ganglioglioma III
Desmoplastic infantile ganglioglioma I
Dysembryoplastic Neuroepithelial tumor I
Paraganglioma I

Peripheral 
nerve tumors

Schwannoma I
Neurofibroma I
Malignant peripheral nerve tumor II/IV

Hematopoietic 
tumors

Primary malignant lymphoma

Meningeal 
tumors

Meningioma I
Atypical meningioma II
Anaplastic meningioma III
Hemangioblastoma I
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progression. For tumors recurring after initial radiotherapy re-irradiation is recom-
mended if tissue- spearing methods can be used (i.e., cyberknife, tomoradiother-
apy). Chemotherapy has not been found to be a highly effective treatment for spinal 
astrocytomas and is reserved for tumors progressing after treatment with surgery 
and radiation. Alkylator-based chemotherapy—such as temozolomide—is used 
based on the data for treatment of intracranial tumors and limited evidence in spi-
nal cord [10].

Intramedullary hemangioblastomas, are the third most common, accounting for 
2–8% of all intramedullary tumor. Ten to thirty percentage of spinal hemangioblas-
tomas are associated with the diagnosis of Von Hippel-Lindau (VHL) syndrome 
[11], and present as recurring or multiple tumors. They are more common in males 
and present during the fourth decade of life. The histopathological features are iden-
tical for solitary lesions and those associated with VHL. Intramedullary hemangio-
blastomas form at the dorsal aspect of the spine and patients usually present with 
sensory proprioception deficits, subarachnoid or intramedullary hemorrhages are 
rare. Hemangioblastomas can be differentiated from other intramedullary tumors on 
MRI, they appear as hypervascular homogenously enhancing nodule with associ-
ated peritumoral edema and syrinx [12]. Surgical resection the primary mode of 
treatment of hemangioblastomas; the well-defined margins allow for complete 
resection. Nevertheless, intraoperative bleeding from the highly vascular tumor can 
result in subtotal resection. Embolization is avoided given the high risk of 
complications.

Stereotactic radiosurgery is emerging as an effective treatment with over 80% of 
symptom control, to be considered especially for those with VHL syndrome and 
recurrent hemangioblastomas [13].

Other rare spinal intramedullary tumors include gangliomas, oligodendrogliomas, 
paragangliomas, melanocytomas, lipomas, and lymphomas [7]. This tumor behave 
similarly to their peripheral counterparts and treatment is guided by their histopatho-
logic grade, neurologic baseline, as well as presence of cystic component [6].

26.2.2  Intradural Extramedullary Tumors

The majority of intradural extramedullary tumors in the spinal cord are nerve sheath 
tumors (i.e., schwannomas and neurofibromas), and meningiomas; together they 
account for 53% of all intradural tumors [6]. Schwannomas are benign tumors 
(WHO Grade 1) arising from the dorsal root ganglion, more commonly seen in 
adults, and frequently in association with a diagnosis of Neuro Fibromatosis 2 
(NF2). Young adults with NF2 often develop multiple schwannomas and have 
higher risk of malignant transformation. Pain and paresthesia on palpation are the 
typical symptoms on initial clinical presentation, although it may be asymptomatic 
and identified incidentally on imaging studies. Surgical resection of symptomatic 
patients is recommended, with stereotactic radiosurgery being offered for poor sur-
gical candidates. Asymptomatic schwannomas can be followed clinically and with 
serial imaging [14].
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Neurofibromas originate from peripheral sensory nerves and they tend to encase 
the nerve rather than displace the nerve, as seen in schwannomas. Patients with NF1 
develop multiple spinal cord neurofibromas that increase in number with age and 
have a higher incidence of malignant transformation. Routine surveillance with 
MRI is recommended to monitor rate of growth as it may indicate malignant trans-
formation. Surgical resection is recommended for symptomatic patients or for those 
with fast growing tumors, there is a limited role for chemotherapy or radiotherapy.

Meningiomas are tumors arising from the arachnoid cap cells and make up about 
25% of all intradural spinal cord tumors, the vast majority (95%) are benign [15]. 
Spinal meningiomas predominantly affect females (80%), and 80% are localized to 
the thoracic spine. Multiple tumors are present at diagnosis 2% of cases, and are 
typically associated with NF2 patients. A recent study suggests that neither the 
degree of cord compression, tumor occupancy of canal, or residual compression 
after surgery should be used for prognosis in patients undergo resection of a spinal 
meningiomas [16]. This implies that good outcomes are possible even if substantial 
compression is present prior to surgery.

26.3  Impairments

26.3.1  Motor and Sensory Deficits

Patients with spinal cord tumors present with motor and sensory deficits that cor-
relate to the degree of disruption of neural pathways at the site of the lesion. The 
most widely used tool to quantify the extent of motor and sensory impairment is the 
America Spinal Injury Association Impairment Scale (AIS) [16]. It systematically 
examines the extent and severity of a patient’s spinal cord injury and is useful for 
determination of rehabilitative needs and expected functional outcomes. It In gen-
eral, the neurological deficits in primary spinal cord tumor prior to surgical resec-
tion are mild to moderate and remain unchanged after surgery. The slow growth of 
these typically benign tumors results in an insidious onset of deficits, however peri-
ods of rapid growth or expansion by syrinx formation can be observed. One excep-
tion to the rule are astrocytomas; given the infiltrative histopathologic nature of the 
tumor they are at higher risk of worsening neurological status after surgical resec-
tion [1]. Histopathology was found to be a strong predictor of functional neurologic 
outcomes after resection of primary spinal cord tumors, conversely location of the 
tumor does not significantly predict outcome. Advances in microsurgical techniques 
and intraoperative nerve monitoring have reduced the associated intraoperative 
morbidity of these tumors.

26.3.2  Spasticity

A classic manifestation of injury to the upper motor neurons is spasticity, a velocity 
dependent increase in muscle tone caused by imbalance in the inhibitory and 
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excitatory input to the α-motor neurons. Spasticity may cause pain and interfere 
with hygiene and function. Symptoms may be generalized, affecting muscles below 
the level of the lesion, or localized to particular muscle groups. Mild spasticity may 
be managed with range of motion and stretching exercises or splinting. 
Chemodenervation of spastic muscles with injections of botulinum toxin or phenol 
can be considered for localized severe spasticity. For generalized spasticity, oral 
agents, including baclofen, dantrolene, benzodiazepines, and tizanidine are the first 
line of systemic treatment. The side effect profile of these drugs includes dizziness, 
drowsiness, weakness, blurry vision, dry mouth. Patients may have refractory spas-
ticity or low tolerance to the adverse effect of the oral agents, in these cases intrathe-
cal baclofen may be considered [17].

26.3.3  Pain

Pain is one of the most frequent presenting symptoms of primary spinal tumors, 
seen in 52–80% of all patients, with a higher incidence in Schwannomas and 
Ependymomas [9, 18]. The pain can be characterized as back pain, radicular pain or 
central pain. Central dysesthesia pain syndrome, is perceived at the anesthetic levels 
at and below the level of injury. The suspected etiology is loss of spinothalamic 
systems with preservation of function of the dorsal columns. This syndrome is char-
acteristically difficult to manage and most patients do not get significant pain relief 
from the available treatments. A multi-disciplinary approach is needed. Cognitive 
behavioral therapy can help patients manage symptoms. Exercise and physical 
modalities are useful adjuvants. Amitriptyline, gabapentin and pregabalin are the 
most studied drugs with demonstrated efficacy for treatment of pain associated with 
spinal cord injury [19]. Pregabalin is the only medication with US Food and Drug 
Administration (FDA) approval for this indication.

26.3.4  Neurogenic Bowel

Neurogenic bladder and bowel dysfunction is commonly seen in spinal cord tumors. 
Its presentation and management will depend on the level of injury and involvement 
of upper and/or lower motor neurons innervating the key structures. Upper motor 
neuron bowel dysfunction causes constipation and impaction due to inadequate 
emptying, and symptoms are aggravated by immobility and use of opioid pain med-
ications. Implementation of a bowel program will prevent incontinent bowel move-
ments, abdominal discomfort and pain, improving the quality of life and participation 
in daily activities. A bowel program should include stool softeners, prokinetic 
agents, suppositories and digital stimulation to take advantage of the recto-colic 
reflex. The program should be performed at least every 2 days and scheduled 30 min 
after a meal in order to benefit from the gastro-colic reflex. Injuries below the conus 
medullaris result in areflexic bowel; these patients have a higher risk of 
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incontinence and benefit from the use of oral bulk forming agents and daily manual 
evacuation [20]. Patients may have the sufficient ability to carry out the bowel pro-
gram themselves; in other cases, the caregivers will require training prior to dis-
charge from the rehabilitation unit.

26.3.5  Neurogenic Bladder

The presentation of neurogenic bladder dysfunction is variable, and includes, 
incontinence, urgency, frequency, retention, and frequent urinary tract infections. 
The goals of neurogenic bladder management are to ensure social continence, ade-
quate bladder emptying maintaining low detrusor pressures, avoid bladder stretch 
injury, prevent damage to upper urinary tract from high intravesicular pressures, as 
well as prevent urinary tract infections and reduce injury to the kidneys [21]. 
Lesions above the conus medullaris that injure upper motor neurons (UMNs) result 
in a small overactive spastic bladder unable to store urine. In these cases, anticho-
linergic medications (e.g., oxybutynin and tolterodine) are used to promote relax-
ation of the detrusor muscle improving urinary storage. UMN injury may also 
result in a tight spastic sphincter, administration of oral alpha-blockers (i.e., tam-
sulosin) is recommended to relax the sphincter. Many patients with UMN lesions 
will also have detrusor-sphincter dyssynergia. The bladder and urethral sphincter 
contract simultaneously. In these cases, an alpha-blocker along with an anti-cholin-
ergic may be needed. Patients with injuries involving the sacral micturition center 
develop a large areflexic bladder combined with a spastic sphincter resulting in an 
over filed bladder that is unable to empty. Management of this issue includes inter-
mittent catheterization, alpha-blockers and cholinergic medications, such as 
bethanechol. Further details on neurogenic bladder management can be found in 
Samson et al. [21].

26.3.6  Sexual Dysfunction

In a similar manner as bladder and bowel function, sexual dysfunction presentation 
in spinal cord injury (SCI) is dependent on the involvement of lower or upper motor 
neurons. In males with injury of UMN above the level T11 are capable of having 
reflexive erections. Psychogenic erections require intact hypogastric plexus, which 
originates from level T11 to L2. Men with injury to the lower motor neurons (LMNs) 
often do not experience reflexive erections, however, may attain psychogenic erec-
tions depending on the degree of involvement off distal injury [20]. The ability to 
ejaculate is more profoundly affected by damage to the spinal cord; most men with 
complete spinal cord injury cannot produce an ejaculate during intercourse [21]. 
Augmentative techniques such as electro-ejaculation, prostate massage or penile 
vibratory stimulation use for fertility purposes are able to produce ejaculation in 
86% of patients with lesions above T10 [22]. Sexual function in both males and 
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female with spinal cord injury can often affected by psychologic factors. For exam-
ple, feeling unattractive, having less self-confidence, and difficulties in finding a 
partner, also play a role [23]. In females, sexuality is negatively affected by the 
physiologic factors as loss sensation, difficulties achieving an orgasm, neurogenic 
bladder or bowel and difficulties positioning independently. Acute injury to the spi-
nal cord may cause amenorrhea; however, menses return in 6–12 months for the 
majority of women, and fertility is unaffected.

26.3.7  Skin Integrity

Patients with spinal cord injury are at high risk of developing pressure ulcers given 
their sensory deficits, decreased mobility, catabolic metabolic state, as well as bowel 
and bladder incontinence. Ulcers most commonly develop at the sacrum (43%), 
heels (19%), ischium (15%) [24], they are difficult to treat and may lead to serious 
medical complications such as osteomyelitis and sepsis. The mechanism of injury 
involves local soft tissue ischemia from persistent pressure (>2 h) that exceeds supra 
capillary pressure and shearing forces causing mechanical injury to the epidermis. 
Prevention of the formation of ulcers is of extreme importance in this population, 
and emphasis should be placed on intermittent pressure relieve techniques, frequent 
skin checks and proper nutrition.

26.3.8  Autonomic Dysfunction

Spinal cord lesions above the level of the eighth thoracic spine are at risk of present-
ing with dysregulations of the autonomic system including orthostatic hypotension, 
poikilothermia, and autonomic dysreflexia. The mechanism behind the dysregula-
tion is the disruption of the descending central sympathetic outflow. Orthostatic 
hypotension is provoked when the patient tilts upward greater than 60°, causing a 
persistent drop in blood pressure due to the loss of the normal compensatory sym-
pathetic response increasing venous resistance. The patients typically report light-
headedness, dizziness, and nausea and on exam, they have tachycardia with drop in 
blood pressure. Conservative management includes repositioning, elastic stockings, 
abdominal binder, increased fluid intake and ace wrapping to bilateral lower extrem-
ities. Anticholinergic or alpha-blockade medications, as well as tizanidine may con-
tribute to orthostasis. Pharmacologic options include salt tabs, physostigmine, 
alpha-adrenergic agonist (midodrine) and mineralocorticoid (fludrocortisone). It is 
important to be cognizant that management is only needed temporarily since ortho-
stasis lessens with time as spinal postural reflexes develop.

Autonomic dysreflexia is a syndrome caused by massive imbalanced reflex sym-
pathetic discharge. Is characterized by a sudden increase in blood pressure, 
20–40 mm HG greater than baseline resulting from noxious stimuli below the neu-
rologic level of injury. This is usually accompanied by bradycardia. Unrecognized, 
it can lead to stroke, myocardial infarct and sudden death [25]. The trigger in 
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autonomic dysreflexia is a noxious stimulus, commonly a distended bladder, 
increasing spinal reflexive sympathetic output causing regional vasoconstriction 
and thus an increase in blood pressure. The response to increased pressure is a vagal 
discharge causing bradycardia and the central inhibitory input to the spinal sympa-
thetic discharge. However, the latter fails to be transmitted through the severed spi-
nal cord resulting in persistent hypertension. Sign and symptoms of autonomic 
dysreflexia include headache, sweating, flushing, elevated blood pressures, pilo-
erection and pupillary constriction. The first step in management is sitting the 
patient upright, loosen clothing, followed by identification and removal of noxious 
stimulus. Removal of stimulus should resolve symptoms; if the source is not identi-
fied and elevated blood pressure persists, pharmacologic management of the hyper-
tension is indicated. Acutely nitro paste can be applied and then removed once the 
inciting stimulus is removed. Figure 26.1 gives an algorithm for management.

Common
Causes

Distended
Bladder

Above the injury
• Hypertension

   • Bradycardia
         • Headche

             • Anxiety
    • Changes in Vission

       • Nasal Congestion
         • Sweating and flushed 

skin
• Piloerection
• Paresthesias

Below the lnjury
• Nausea
• Chills

• Cool and clammy
• Pale

Constipated
bowel

Pressure Ulcer

Fractured Bones

Skin Burns

Urinary tract
infections

Ingrown toe nail

Signs and
Symptoms

Sit patient upright
and Lossen clothing

Monitor Blood Pressure
every 2-3 min

Asses Bladder and
Bowel

• Straight cathetherization
• If foley in place check

for kinks or blockage

Examine skin
integrity

If SBP > 150
administer

antihypertensive
until responsible

stimuli is identified
• Nitropaste 1”
• Nifedipine IR

• IV Antihypertensives

Management

Fig. 26.1 Algorithm for management of autonomic dysreflexia

26 Rehabilitation of Patients with Primary Intradural Tumors of the Spinal Cord



520

26.3.9  Psychosocial Impact

Impaired function of the spinal cord results in marked physical disability and sec-
ondary medical problems affecting, not only the quality of life of the patient but of 
all the family and caregivers involved. These patients at higher risk of suffering 
from depression, anxiety, PTSD and suicide [26]. Social support, emotional and 
functional, are associated with better quality of life and reported well-being. Special 
attention should be placed on the psychological component of the early rehabilita-
tion process as patients learn to cope with any new impairments. In patients with 
poorer prognosis, there needs to be a robust discussion of treatment goals and 
advanced directives.

26.4  Activity Limitation

Table 26.3 describes activities that can be accomplished by individuals with com-
plete lesions at each of the myotomal levels of spinal cord injuries. It is important to 
note that this information is based on complete levels of injury, and most spinal cord 
tumors cause incomplete lesions. On the other hand, these are optimal levels of 
function in young, healthy patients, and patients with spinal cord tumors may be 
older, debilitated or suffer from co-morbidities that impede optimal function.

Equipment may ameliorate some activity limitations. These can include ambula-
tory aids (i.e., walkers or crutches), braces, wheelchairs, and exoskeletal robotics.

26.5  Participation Restriction

While laws such as the United Nations Convention on Rights of People with 
Disability or the Americans with Disabilities Act have gone a long way in decreas-
ing environmental and societal barriers to participation, many impediments remain. 
For example, most laws provide for wheelchair accessibility in public accommoda-
tions, they do not provide for accessible private housing.

Employment remains a challenge as well. While specific data for spinal cord 
tumors do not exist, we have overall data for people with disabilities. In the U.S. in 
2016, 20% of people with disability participated in the workforce, compared with 
68.5% of able-bodied individuals in patients with spinal cord injuries, 13% are 
employed 1 year after injury [27].

26.6  Rehabilitation Course

The rehabilitation course after spinal cord tumors often involves several levels of 
care. Most commonly, patient will receive physical and occupational therapy begin-
ning day 1 postoperatively after resection. Early mobilization can prevent secondary 
complications and shorten length of stay.
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Table 26.3 Functioning, limitations, and suggestions for functioning aids per spine level

Motor pattern Expected functional outcomea Suggested equipment
C1–C3

Weakness pattern: Total 
paralysis of UE, trunk, 
LE; ventilator dependent
Possible movement: 
Neck flexion, extension, 
rotation

Dependent in personal care 
and ADLs, bed mobility, 
pressure relief
Require ventilator due to 
diaphragm paralysis
Able to control power 
wheelchair with head/chin 
control
Able to control aspects of 
environment with assistive 
technology

Two ventilators (bedside, portable), 
suction equipment, generator, 
back-up battery
Padded reclining shower/commode 
chair
Full electric hospital bed with 
Trendelenburg feature; specialized 
mattress
Transfer board, power or mechanical 
lift with sling
Power recline and/or tilt wheelchair
Environmental control unit

C4
Weakness pattern: 
Paralysis of UE, trunk, 
LE; inability to cough, ↓ 
endurance & respiratory 
reserve (paralysis of 
intercostals)
Possible movement: 
Neck flexion, extension, 
rotation, scapular 
elevation, inspiration

Dependent in personal care 
and ADLs, bed mobility, 
pressure relief
Able to breathe without 
ventilator
Able to control power 
wheelchair with head/chin 
control
Able to control aspects of 
environment with assistive 
technology

If not vent-free: See above
Padded reclining shower/commode 
chair
Full electric hospital bed with 
Trendelenburg feature; specialized 
mattress
Transfer board, power or mechanical 
lift with sling
Power recline and/or tilt wheelchair
Mouth stick, high-tech computer 
access
Environmental control unit
Attendant operated van

C5
Weakness pattern: No 
elbow extension, 
pronation, wrist and 
hand movement; total 
paralysis of trunk, LE
Possible movement: 
Shoulder flexion, 
abduction, extension, 
elbow flexion, 
supination, scapular 
adduction and abduction

Can assist with personal care 
and ADLs
Can complete some tasks with 
assistive devices such as 
feeding
Can assist with bed mobility 
and transfers
Can operate a power 
wheelchair with hand control 
or manual wheelchair on flat 
indoor surfaces

Padded reclining shower/commode 
chair
Full electric hospital bed with 
Trendelenburg feature; specialized 
mattress
Transfer board, power or mechanical 
lift with sling
Long opponens splint, spiral splint, 
universal cuff, utensils with built up 
handles, ADL splints (wash mitt, 
razor holders), dressing aides (pant 
loops, sock aide, long shoe horn), 
gooseneck mirror
Adaptive devices as needed for page 
turning, writing, button pushing
Power recline and/or tilt wheelchair
Environmental control unit
Modified van with lift

(continued)
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Table 26.3 (continued)

Motor pattern Expected functional outcomea Suggested equipment
C6

Weakness pattern: No 
wrist flexion, elbow 
extension, hand 
movement; total 
paralysis of trunk, LE
Possible movement: 
Scapular protraction, 
some horizontal 
adduction, forearm 
supination, wrist 
extension

Potential for physical 
independence with some 
personal care and ADLs 
(self-catheter for bladder 
management) using assistive 
devices & splints; some 
assistance with bowel 
management
Potential for functional grasp 
via tenodesis
Potential to be independent 
with transfers, some assist with 
bed mobility
Independent with 
communication +/− equipment
Potential to live independently 
with supportive care

Padded tub bench with cutout 
commode or shower commode chair
Transfer board or mechanical lift
Full electric hospital bed or full to 
king standard bed
Power wheelchair vs. manual 
wheelchair
Adaptive devices: Universal cuff, 
tenodesis splint, resting hand splint, 
adapted utensils, built-up handles, 
plate guard, dressing: Button hook, 
sock aide, long shoe horn; hand held 
shower, writing splint for keyboard 
use, button pushing, page turning

C7–C8
Weakness pattern: 
Paralysis of trunk, LE; 
limited grasp release 
and dexterity
Possible movement: 
Elbow extension; ulnar/
wrist extension; wrist 
flexion; finger flexions 
and extensions; thumb 
flexion/extension/
abduction

Independent with personal care 
and ADLs, bed mobility and 
transfers; greater function use 
of hands
May need adaptive device for 
communication
Able to drive with vehicle 
modifications
Potential to live independently

Padded tub bench with cutout 
commode or shower commode chair
Transfer board
Full electric hospital bed or full to 
king standard bed
No splints for hand function 
(lumbrical bar as needed)
Adaptive devices as needed for 
eating, dressing, bathing (e.g., 
gooseneck mirror, hand held shower)
Manual wheelchair
Standing frame
Modified vehicle

T1–T9
Weakness pattern: 
Lower trunk & LE 
paralysis
Possible movement: 
Upper extremities fully 
intact; limited upper 
trunk stability. 
Endurance increased 
secondary innervation 
of intercostals

Independent in personal care 
and ADLs, transfers. May 
require assistive equipment 
due to lack of trunk stability
Live independently

Transfer board
Manual wheelchair
Standing frame
Hand controls for driving
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Table 26.3 (continued)

Motor pattern Expected functional outcomea Suggested equipment
T10–L1

Weakness pattern: 
Paralysis of both LE
Possible movement: 
Good trunk stability

Independent in respiratory 
function, personal care and 
ADLs, communication, 
transportation and 
homemaking. Standing is 
independent.
Can engage in functional 
ambulation activities, with 
some assist to independent.
Live independently

Manual wheelchair
Standing frame
Forearm crutches or walker
KAFO

L2-S5
Weakness pattern: 
Partial paralysis of 
lower extremities
Possible movement: 
Good trunk stability. 
Partial to full control of 
LE

Independent in respiratory 
function, personal care and 
ADLs, communication, 
transportation and 
homemaking. Standing is 
independent, and they can 
engage in functional 
ambulation activities,
Live independently

Manual wheelchair
Standing frame
Forearm crutches or cane as needed
Ambulate with lower limb orthosis 
(e.g., KAFO, AFO, or walking aid)
Drive with hand controls

aPersonal care and ADLs include bladder and bowel management, eating, dressing, grooming, and 
bathing.
ADL activity of daily living, AFO ankle, foot orthosis, KAFO knee, ankle, foot orthosis, LE lower 
extremity, UE upper extremity.

In 2015, New et al. [28] proposed a framework and practical considerations for 
managing persons with spinal cord dysfunction (SCD) secondary to tumors. This 
was based on the Neurologic, Oncologic, Medical, Pain and Support status of the 
patient (NOMPS criteria). The criteria were important in informing the decision to 
admit persons with SCD due to tumors to spinal rehabilitation units, and as a basis 
for practical considerations to guide rehabilitation management of this population. 
Neurologic referred to the AIS level, oncologic referred to grading of the tumor, 
medical referred to comorbidities that can influence participation in rehabilitation, 
pain referred to optimizing symptom management, and support referred to family 
and friends, whose presence or absence can influence discharge planning options.

Most patients will require further rehabilitation in order to return the community. 
Because of their complex medical and nursing care postoperatively, this should usu-
ally be done in an acute hospital rehab unit or a freestanding rehab hospital. At this 
level of care, patients receive daily physician and nursing care, along with at least 
3 h/day physical an occupational therapy. These facilities usually have a high degree 
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of experience in treating spinal cord disorders. Length of stay will vary widely 
depending upon the impairment level. Typically, patients stay inpatient between 1 
and 6 weeks. Some patients who have less nursing and medical needs, or who are 
unable to tolerate intensive therapies, may be managed in skilled nursing facilities. 
Once the inpatient stay is complete, patients will usually have outpatient or home- 
based therapies for several months.

26.6.1  Rehabilitation Outcomes

There are numerous studies investigating outcomes of rehabilitation in patients with 
SCD due to tumor. It is important to note that most studies do not make a distinction 
between metastatic and primary tumors of the spinal cord.

The Functional Independence Measure (FIM) is the most commonly used func-
tional measure of disability and outcome. It is used to track changes in functional 
ability of a patient in response to rehabilitation intervention. It is a composite mea-
sure consisting of 18 items involving two basic domains (13 motor and 5 cognitive 
tasks) assessing six areas of function (i.e., self-care, sphincter control, mobility, 
locomotion, communication, and social cognition).

Patients with SCD due to tumor showed significant functional improvement 
between admission and discharge (or FIM change). However, in comparison with 
persons with traumatic SCI, the FIM change is lower. People with spinal cord 
tumors tend to have a lower FIM on admission and discharge. The FIM efficiency 
(FIM change per week) is comparable between patients with SCD secondary to 
tumor compared with traumatic SCI [29–31]. Patients with spinal cord tumor had a 
shorter length of stay and similar rates of discharge back to the community when 
compared to those with traumatic SCI [31, 32].

In comparison with other causes of non-traumatic spinal cord dysfunction (e.g., 
transverse myelitis, infection, vascular etc.), FIM efficiency and FIM gains (total 
FIM and motor subscores) are lower in those with spinal cord tumors. There is no 
significant difference in the length of stay in inpatient rehabilitation. Survival rate is 
also higher in non-traumatic SCD.  Discharge to the community is comparable 
between both groups [33].

The presence of pain has a negative influence on the rehabilitation process. 
Patients with pain tend to have a longer length of stay, less FIM motor efficiency 
and lower FIM motor scores on discharge. Thus, the presence of pain should not 
preclude one from participating in a rehabilitation program, but more importantly, 
its management should be part of rehabilitation goals [34].

There are varying reports on survival of patients with spinal cord tumors after 
inpatient rehabilitation. A Median survival range from 3 to 30 months [35–37]. 
One study reported that those patients with primary tumors had a significantly 
greater median survival than those with metastatic tumors (9.5  months vs. 
2.8 months [38].

There is evidence that patient can maintain or improve upon their functional 
gains after being discharged from inpatient rehabilitation. 75–80% maintained 
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self- care and mobility skills post discharge [29]. In one study 73% achieved inde-
pendent function post discharge [38].
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