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Foreword

Surgery for spinal cord tumors was revolutionized after introduction of the 
magnetic resonance imaging and the operating microscope into the clinical 
practice. In spite of these advances in diagnostic and surgical equipment, the 
surgery has been a major challenge for spine surgeons owing to the limited 
case experience with lack of practical literatures. Since most previous litera-
tures on spinal cord tumors described epidemiology and/or pathologic find-
ings, they have been in short of helping spine surgeons to care of spinal cord 
tumors. The purpose of this book is to improve the safety and perfectiveness 
of surgery for spinal cord tumor in a very pragmatic way. Professor Chung 
emphasizes anatomical layers between the tumor and normal nervous tissue, 
which would facilitate to remove the tumor safely on the tumor side. This 
book successfully addresses the unmet need which all the spine surgeons 
have been felt during their career. Undoubtedly, it would be a book of ref-
erence for spinal surgeons who are interested in spinal cord tumor surgery 
and surely would guide them through the most challenging surgery to the 
goal of much better outcome. The beauty of this book lies on unleashing 
shortcomings of the traditional concepts and dogmas and building a general 
concept of interface between spinal cord tumors and normal nervous tissues, 
which enables a safer approach to the tumors with anatomical resection of 
the tumor only.

As a teacher and predecessor of Professor Chung, I am deeply grateful 
for his endeavor and congratulate Professor Chung and all the contributors 
for their excellent effort to make a practical book. I expect that this book 
will be a reference for all spinal surgeons before every surgery for a patient 
with spinal cord tumors, in order to guarantee better lives of patients they 
are taking care of.

Hyun-Jib Kim MD, PhD
Professor Emeritus 

 Department of Neurosurgery  
Seoul National University College of Medicine

Seoul, Korea
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Preface

My career as a neurosurgeon who has had a rare privilege of performing 
surgery almost continuously to the patients having spinal cord tumors for 
almost 30 years leads me to feel obliged to detail my experience as well as 
the change I made in the planning and doing the surgery, and to let them 
available to the future generation of neurosurgeons who surely would keep 
doing surgery to the patients with spinal cord tumors, which is of a poten-
tially devastating impact to the patients themselves as well as the loving per-
sons who shares their lives with the patients. In this regard, I always feel 
much honor and also pressure since I am not taking care of the particular 
disease but also the way of life the patient expects to have. When we take 
the responsibility and honor of providing care to the spinal cord tumor 
patients, the odds at our hands include the way the patient lives as well as 
persons who would and should live with their loving one.

Hence during my whole career, I always have tried to overcome my 
shortcomings and the complications that I had to incur to my respectable 
patients because of my limited understandings of the disease, in this case 
spinal cord tumors. In that sense, I owe the overall improvement of surgi-
cal planning and surgery summarized here in this book to the patients who 
embraced complications gracefully and encouraged me. They taught me 
how to live with those complications. My feeling of indebtedness to the 
patients is the foremost reason that I decided to write this book on anatomi-
cal compartment based spinal cord tumor surgery.

Hence I decided that everything in surgery should be undergone strict 
scrutiny. There are several things I discarded early in my career. I do not 
use steroids perioperatively. The evidence favoring the use of steroids was at 
most marginal or contrary to the belief bringing harms instead of benefit. I 
encourage patients to walk as early as possible. Hence unless the neurologi-
cal status does not allow, every patient once they returned to their bed after 
surgery is urged to walk immediately. Hence in a sense, the patient should 
walk right from the stretcher car to their bed. I stopped prescribing opi-
oid analgesics around the year 2010, when I began to feel that opioids are 
not decreasing pain, but leading the patient to the other way that we never 
expected. Opioids are not relieving pain, but introduce a kind of deviation to 
turn away from pain. At last, usually the patients were remained with pain 
with withdrawal symptoms from opioids. Also I encouraged, or coerced 
in the other way, to stretch their body part if they feel pain in that specific 
body part. I tried to reduce the analgesia drugs. I am not using the so-called 
patient controlled analgesia. Also I encouraged the patient to drink as much 

vii



Prefaceviii

as possible water daily. In that sense, the patient should be rid of all intrave-
nous lines immediately after they returned to the bed.

I ought to make my patient with my surgery better than or at the least 
not worse than their preoperative status. With those principles in mind, I let 
them use their body as much as possible, which make it obvious to me and 
patients as well what I am wrong at.

I am not immune to the complications, instead my surgical career has 
been dotted with major complications all the way to the present. What I 
have tried is that with one complication, I constructed some hypotheses to 
avoid that complication in the next surgery, although I have to acknowledge 
that my hypothesis about the incident would not be right. Despite of these 
limitations I am aware of, I at least changed one thing at a time with a com-
plication that I might prevent.

This book summarizes all my experiences which were acquired from 
these painful experiences. I have learned much more from my complications 
than my uneventful surgeries.

Therefore I would like to reiterate my indebtedness to my patients. They 
could not be too much acclaimed. They taught me, and I have learned from 
the scratch to what I know at present. I deeply owe them.

To make this book appeared, I owe many people. Firstly I mention one 
of my patient, Jung Sook Choi, who donated funds to support this project. 
Then I appreciate Dr. Chang-Hyun Lee, who orchestrated all the projects. 
Dr. Dong Hwan Kim and Dr. Yong San Ko worked really hard to provide all 
the data and to edit all the surgical videos. Without them, this book would 
not be possible. From the contributors, I particularly would like to mention 
Professor Yong Il Hwang, who contributed an anatomy chapter. He provided 
the foundation on which all other chapters were based. During my career, 
I have had an honor of working with the most brilliant persons, who con-
tributed most chapters in this book. They are my colleagues and my former 
fellows, to whom I would like to use this occasion to expressing my deepest 
gratitude.

I would like to wrap this preface with appreciating my family. My wife, 
Professor Hyun Ah Kim should be merited. Without her support and encour-
agement, I never could stand out with all those life events. I dedicate this 
book to my loving daughters, Seung Won and Seung Min. I love you.

Seoul, Republic of Korea  
October, 2019 

Chun Kee Chung
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Epidemiology of Spinal 
Cord Tumors

Seil Sohn and Chun Kee Chung

Abstract
Background. We would like to introduce 
epidemiology of spinal cord tumors based 
on academic nationwide studies. Methods. 
Korean National Health Insurance (NHI) 
Corporation’s database and nationwide 
cancer registry (KCCR) were used for epi-
demiology. Newly diagnosed spinal cord 
tumor was investigated between 2009 and 
2012 from NHI data. In KCCR data, pri-
mary spinal cord and appendage tumors 
(PSCATs) were from 2006 to 2010. Results. 
Of 1600 primary spine tumors diagnosed 

from 2009 to 2012, 373 (23.3%) were malig-
nant and 1227 (76.7%) were nonmalignant. 
Differences in primary malignant, primary 
nonmalignant spine tumor incidence by sex 
were significant (P = 0.004, < 0.001, respec-
tively). The most common histological type 
was neurilemomas (41.3%), followed by 
meningiomas (20.1%) and ependymomas 
(7.6%).

Keywords
Epidemiology · Neoplasm · Population ·  
Spinal cord · Spine

1.1  Introduction

The relative rarity of primary spine tumors lim-
its the level of research, treatment decisions, and 
health-care planning [1–4]. There have been sev-
eral reports about population-based incidence 
rates [3–7]. However, nationwide studies are 
very rare. In Korea, there have been a few stud-
ies about epidemiology of spinal cord tumor 
[8–11]. In this chapter, we would like to intro-
duce epidemiology of spinal cord tumors based 
on academic nationwide studies.

© Springer Nature Singapore Pte Ltd. 2021 
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tumors, (2) spine magnetic resonance imaging 
(MRI) within 1 year after initial ICD-10 code 
assignment, (3) no previous same tumor code 
history within 1 year, and (4) hospital visit within 
3 months after diagnosis. The  ICD-10 codes for 
primary malignant spine tumors were C41.2 
(malignant neoplasm of vertebral column), C41.4 
(malignant neoplasm of pelvic bones, sacrum, 
and coccyx), C70.1 (malignant neoplasm of spi-
nal meninges), and C72.0 (malignant neoplasm 
of spinal cord). The  ICD-10 codes for primary 
nonmalignant spine tumor were D16.6 (benign 
neoplasm of vertebral column), D16.8 (benign 
neoplasm of pelvic bones, sacrum, and coc-
cyx), D32.1 (benign neoplasm of spinal menin-
ges), D33.4 (benign neoplasm of spinal cord), 
and D42.1 (neoplasm of uncertain or unknown 
behavior of spinal meninges).

Data regarding age, sex, health insurance 
type, comorbidity were obtained from the NHI 
database. Comorbidities were classified using 
the Charlson Comorbidity Index [13, 14].

1.2.3  Statistical Analysis

Frequency of occurrence by demographic char-
acteristics and tumor types for all primary spine 
tumors were determined. Incidence rates by age 
at diagnosis, sex, ICD-10 codes, diagnosis year, 
health insurance type (Medicare or Medicaid), 
and the number of comorbidities were calcu-
lated. All incidence rates were expressed as 
incidence per 100,000 persons. Age-adjusted 
rates were standardized to “Age Structure of 
Population in Korea 2009” as provided by 
Statistics Korea. Logistic regression analy-
sis was performed to determine the association 
between age and incidence rate. Rates were 
compared using the chi-square test or Fisher’s 
exact test. The relationships of incidence rate 
with diagnosis year and the numbers of comor-
bidities were compared by using logistic regres-
sion analysis. A two-tailed p value of < 0.05 was 
considered indicative of a significant difference. 
SAS software (version 9.1.3; SAS Institute, 
Inc., Cary, NC, USA) was used for statistical 
analysis.

1.2  Material and Methods

1.2.1  Data Source

In this book, two nationwide databases in 
Korea were used for epidemiology [8, 11]. 
First, Korean National Health Insurance (NHI) 
Corporation’s database registered all nation-
wide inpatient and outpatient data on disease 
and services (procedures and operations) [9–11]. 
Disease codes are standardized according to the 
Korean Classification of Disease, 4th version, 
which follows the International Classification 
of Disease, 10th version (ICD-10) [9–11]. In 
Korea, NHI database is a fee-for-service system. 
All health-care organizations in Korea use these 
standardized codes for diseases and procedures.

Second, the Korean Ministry of Health and 
Welfare initiated the nationwide cancer regis-
try (KCCR) in 1980 [12]. The KCCR expanded 
cancer registration to cover the entire Korean 
population since 2003. Data on primary spi-
nal cord and appendage tumors (PSCATs) 
from 2006 to 2010, including malignant and 
nonmalignant cases, were identified in the 
Korea National Cancer Incidence Database 
(KNCIDB). Primary tumors with the follow-
ing ICD-O-3 site codes were included in the 
analysis: C70.1 (spinal meninges), C72.0 (spinal 
cord), and C72.1 (cauda equina) [8].

1.2.2  Patient Population and Study 
Design

First, Health Insurance Review and Assessment 
Service (HIRA) database between January 
1, 2008 and December 31, 2012 were used. 
Every primary tumor occurring within spine is 
included in this nationwide study. A multidisci-
plinary panel consisting of spine surgeons, epi-
demiologists, and a radiation oncologist defined 
the primary spine tumors. Disagreements were 
resolved by consensus after discussion.

Primary spine tumor was defined by the 
following criteria: (1) ICD-10 codes for pri-
mary malignant or primary nonmalignant spine 
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Table 1.1  Description of primary spine tumor incidence by selected characteristics, South Korea, 2009–2012 [1]

Bold style indicates statistical significance. Abbreviations: CCI, Charlson Comorbidity Index †Chi-square test, *Logi-
stic regression analysis

Characteristics Primary malignant spine tumor Primary nonmalignant spine tumor

Count (%) Rate [95% CI] P Count (%) Rate [95% CI] P

Total 373 (100.0) 0 .99[0.89,1.09] 1227 (100.0) 3.24 [3.06,3.43]

Age at  
diagnosis,  
years

20–29 27 (7.2) 0.38 [0.24,0.52]  < 0.001† 74 (6.0) 1.04 [0.80,1.27]  < 0.001†

30–39 46 (12.3) 0.55 [0.39,0.70] 157 (12.8) 1.86 [1.57,2.16]

40–49 58 (15.5) 0.67 [0.50,0.84] 263 (21.4) 3.02 [2.66,3.39]

50–59 91 (24.4) 1.44 [1.14,1.73] 325 (26.5) 5.14 [4.58,5.70]

60–69 64 (17.2) 1.60 [1.21,1.99] 242 (19.7) 6.04 [5.28,6.80]

70–79 61 (16.4) 2.54 [1.90,3.17] 137 (11.2) 5.70 [4.74,6.65]

 ≥ 80 26 (7.0) 3.08 [1.90,4.26] 29 (2.4) 3.43 [2.18,4.68]

Sex

Male 212 (56.8) 1.14 [0.98,1.29] 0.004† 543 (44.3) 2.91 [2.66,3.15]  < 0.001†

Female 161 (43.2) 0.84 [0.71,0.97] 684 (55.7) 3.57 [3.30,3.84]

Categories

Vertebral column 
(C41.2, D16.6)

146 (39.1) 0.39 [0.32,0.45] 126 (10.3) 0.33 [0.27,0.39]

Pelvic bone, 
sacrum, coccyx 
(C41.4, D16.8)

25 (6.7) 0.07 [0.04,0.09] 4 (0.3) 0.01 [0.00,0.02]

Meninges  
(C70.1, D32.1)

10 (2.7) 0.03 [0.01,0.04] 217 (17.7) 0.57 [0.50,0.65]

Spinal cord 
(C72.0, D33.4)

192 (51.5) 0.51 [0.44,0.58] 812 (66.2) 2.15 [2.00,2.29]

Uncertain (D42.1) 68 (5.5) 0.18 [0.14,0.22]

Secondary  
malignancy  
(C79.5, M4950)

Diagnosis year

2009 85 (22.8) 0.17 [0.13,0.21] 0.215* 261 (21.3) 0.53 [0.46,0.59] 0.005*

2010 81 (21.7) 0.16 [0.13,0.20] 290 (23.6) 0.58 [0.51,0.65]

2011 100 (26.8) 0.20 [0.16,0.24] 339 (27.6) 0.68 [0.60,0.75]

2012 107 (28.7) 0.21 [0.17,0.25] 337 (27.5) 0.67 [0.60,0.74]

Health  
insurance type

Medicare 348(93.3) 0.92 [0.82,1.02]  < 0.001† 1171(95.4) 3.10 [2.92,3.27]  < 0.001†

Medicaid 25(6.7) 0.07 [0.04,0.09] 56(4.6) 0.15 [0.11,0.19]

CCI

0–2 94(25.2) 0.25 [0.20,0.30]  < 0.001* 931(75.9) 2.46 [2.30,2.62]  < 0.001*

3–5 185(49.6) 0.49 [0.42,0.56] 253(20.6) 0.67 [0.59,0.75]

6–7 56(15.0) 0.15 [0.11,0.19] 31(2.5) 0.08 [0.05,0.11]

 ≥ 8 38(10.2) 0.10 [0.07,0.13] 12(1.0) 0.03 [0.01,0.05]
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persons in primary malignant spine tumor and 
from 1.04 to 6.04 per 100,000 persons in pri-
mary nonmalignant spine tumor. Differences 
in primary spine tumor incidence by sex were 
also noted. The overall primary malignant 
spine tumor incidence rate for males was 1.14 
per 100,000 persons, where females had an 
incidence rate of 0.84 per 100,000 persons 
(P = 0.004). In primary nonmalignant spine 
tumor, the overall incidence rate for males was 
2.91 per 100,000 persons, while females had 
an incidence rate of 3.57 per 100,000 persons 
(P =  < 0.001, Table 1.2).

Among the types of primary malignant spine 
tumor, neoplasm of vertebral column (C41.2) 
and neoplasm of spinal cord (C72.0) were sig-
nificantly higher in males than in females 
(P = 0.013, 0.028, respectively). In primary 

1.3  Results

Of 1600 primary spine tumors diagnosed from 
2009 to 2012, 373 (23.3%) were malignant and 
1227 (76.7%) were nonmalignant. The most 
frequent tumor type was neoplasm of the spinal 
cord both in primary malignant (C72.0, 51.5%) 
and primary nonmalignant (D33.4, 66.2%) spine 
tumors. Overall incidence rates for C72.0 and 
D33.4 neoplasms during the study period were 
0.99 and 3.24 per 100,000 persons, respec-
tively. The second most common tumor types 
were neoplasm of the vertebral column (C41.2, 
39.1%) in primary malignant spine tumor and 
neoplasm of meninges (D32.1, 17.7%) in pri-
mary nonmalignant spine tumor (Table 1.1).

The incidence rates among our 7 patient age 
groups ranged from 0.38 to 3.08 per 100,000 

Table 1.2  Male–female incidence ratio in South Korea, 2009–2012 [1]

Bold style indicates statistical significance. Male to female rate ratio = male rate/female rate. †Chi-square test, *Fis-
her’s exact test

Tumor type 
(ICD-10 code)

Total Male Female Male–Female 
Rate Ratio

P

Count Rate [95% CI] Count Rate [95% CI] Count Rate [95% CI]

Primary malignant spine tumor

Vertebral 
column (C41.2)

146 0.39 [0.32,0.45] 87 0.47 
[0.37,0.56]

59 0.31 [0.23,0.39] 1.51 0.013†

Pelvic bones, 
sacrum and 
coccyx (C41.4)

25 0.07 [0.04,0.09] 11 0.06 
[0.02,0.09]

14 0.07 [0.03,0.11] 0.81 0.592†

Spinal  
meninges 
(C70.1)

10 0.03 [0.01,0.04] 4 0.02 
[0.00,0.04]

6 0.03 [0.01,0.06] 0.68 0.554*

Spinal  
cord (C72.0)

192 0.51 [0.44,0.58] 110 0.59 
[0.48,0.70]

82 0.43 [0.34,0.52] 1.38 0.028†

Primary nonmalignant spine tumor

Vertebral 
column (D16.6)

126 0.33 [0.27,0.39] 57 0.31 
[0.23,0.38]

69 0.36 [0.28,0.45] 0.85 0.355†

Pelvic bones, 
sacrum and  
coccyx (D16.8)

4 0.01 [0.00,0.02] 1 0.01 
[−0.01,0.02]

3 0.02 [−0.00,0.03] 0.34 0.330*

Spinal meninges  
(D32.1)

217 0.57 [0.50,0.65] 73 0.39 
[0.30,0.48]

144 0.75 [0.63,0.87] 0.52  <0.0001

Spinal cord 
(D33.4)

812 2.15 [2.00,2.29] 377 2.02 
[1.82,2.22]

435 2.27 [2.06,2.48] 0.89 0.095†

Uncertain 
(D42.1)

68 0.18 [0.14,0.22] 35 0.19 
[0.13,0.25]

33 0.17 [0.11,0.23] 1.09 0.728†
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that found in France (1.20 per 100,000 per-
sons) [3] or Croatia (1.60 per 100,000 persons) 
[7]. When we consider all-cancer incidence 
rate in Korea it was 269.0 per 100,000 per-
sons; PSCATs are very rare cancer group [15]. 
In our study, the most common site of PSCATs 
was the spinal cord (83.4%), followed by spi-
nal meninges (16.1%) and cauda equina (0.5%). 
The spinal cord was more frequently cited as 
a tumor location in our study compared with 
studies in Western countries [7]. Studies in the 
United States reported the same order, whereas 
frequency of tumors of the spinal cord was less 
than that in Korea (60%–70%) [5, 6]. However, 
a study in Norway reported similar tumor rates 
in the spinal cord and spinal meninges, and a 
study in Croatia reported that the spinal menin-
ges are the most common site with a rate of over 
50% [4]. These differences may reflect popula-
tion differences and small sample sizes.

1.5  Conclusion

Based on nationwide study during 2009–2012, 
23.3% were malignant and 76.7% were non-
malignant. The most common tumor type was 
neoplasm of spinal cord among primary malig-
nant (C72.0, 51.5%) and primary nonmalig-
nant (D33.4, 66.2%) spine tumor. Differences 
in primary malignant, primary nonmalignant 
spine tumor incidence by sex were significant 
(P = 0.004, < 0.001, respectively). Childhood 
tumors were more likely to be malignant 
than adult tumors. The common histological 
types were neurilemomas, meningiomas, and 
ependymomas.
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nonmalignant spine tumors, neoplasm of spinal 
meninges (D32.1) was significantly higher in 
females than in males (P =  < 0.0001, Table 1.2, 
Fig. 1.1).

The annual incidence rate of primary non-
malignant spine tumors increased significantly 
(P = 0.005, Table 1.1).

Among 3312 PSCATs cases, the most com-
mon histological type was neurilemomas 
(41.3%), followed by meningiomas (20.1%) and 
ependymomas (7.6%). Ependymomas were the 
most common histological type among malig-
nant tumors (41.3%). Neurilemomas accounted 
for 47.7% of nonmalignant tumors.

Meningioma had the highest incidence 
among the spinal meninges (91.2%). Among 
tumors in the spinal cord, neurilemomas were 
the most common (49.3%, 0.43 per 100,000), 
followed by ependymomas and meningiomas.

1.4  Discussion

The incidence of PSCATs in our study (1.08 per 
100,000 persons) was slightly higher than that 
observed in the United States (0.97 per 100,000 
persons) [5] or Estonia (0.80 per 100,000 per-
sons) [4], whereas it was slightly lower than 
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Pathology of the Spinal 
Cord Tumors

Sung-Hye Park

Abstract
The spinal cord is a continuum of the central 
nervous system (CNS), in which all tumors 
occur, which develops in the brain. Intradural 
spinal tumors are rare CNS tumors, compris-
ing 22%–4% of CNS tumors. Here, a total of 
892 adult spinal cord tumors from the archives 
of the Seoul National University Hospital, 
from January 2010 to December 2018, were 
analyzed and discussed. Among them, the 
most frequent primary spinal cord tumors 
were extra-axial tumors (68% of intradural 
spinal cord tumors [ID-SCT]), the second 
most common tumors were glioma epend-
ymoma, subependymoma, myxopapillary 
ependymoma and astrocytic tumors (17.6% of 
ID-SCT), hemangioblastoma (5% of ID-SCT), 
and others including vascular malforma-
tion (5%), metastatic tumor (5% of ID-SCT), 
and chordoma (0.7% of ID-SCT). The most 
common  extra-axial tumors were schwan-
noma (47% of ID-SCT), meningioma (16% 
of ID-SCT), neurofibroma (2% of ID-SCT) 
and malignant peripheral nervous tumor (<1% 
of ID-SCT) in order of frequency. The com-
mon gliomas were ependymoma (11% of 
ID-SCT), astrocytic tumors (4% of ID-SCT), 

myxopapillary ependymoma (3% of ID-SCT) 
and subependymoma (<1% of ID-SCT). The 
other  tumor-like lesions were vascular mal-
formation (5% of ID-SCT, n = 43) including 
cavernous, capillary. and arteriovenous mal-
formation. Rare tumors were paraganglioma 
(1% of ID-SCT), chordoma (<1% of ID-SCT) 
and malignant melanoma (0.3% of ID-SCT). 
Metastatic tumors were similar incidence 
with hemangioblastoma (5%). The incidence 
of these spinal cord tumors of our hospital 
was similar to previously reported incidence. 
Intramedullary and extramedullary spinal cord 
tumors comprised approximately 5%–10% 
and 70%–80%, respectively.

Keywords
Spinal cord tumor · Pathology · Intradural 
extramedullary · Intramedullary ·  
Glioma · Ependymoma · Neurogenic 
tumor · Meningioma

2.1  Introduction

The spinal cord is a continuation of the central 
nervous system, and all tumors that arise in the 
brain can develop. Intradural spinal cord tumors 
(ID-SCT) are rare central nervous system (CNS) 
tumors, comprising 2% to 4% of CNS tumors 
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paragangliomas (1% of ID-SCT), chordomas 
(<1% of ID-SCT), and malignant peripheral 
nerve tumors (<1% of ID-SCT). The common 
gliomas included ependymomas (10.5% of 
ID-SCT, 47% of IM-SCTs), astrocytic tumors 
(4% of ID-SCT, 16.5% of IM-SCT), myxopap-
illary ependymomas (3% of ID-SCT, 12.5% 
of IM-SCT), and subependymomas (<1% of 
ID-SCT, 2.7% of IM-SCT). The other tumor-
ous lesions included vascular malformations 
(5% of ID-SCT) including cavernous, capil-
lary, and arteriovenous malformations. The 
rare tumors included malignant melanomas 
(0.3%). Metastatic tumors to the spinal cord and 
adjacent spine had a similar incidence (5% of 
ID-SCT) as that of hemangioblastomas and vas-
cular malformations. The order of frequency and 
percentage of the intradural spinal cord tumors 
are plotted in Fig. 2.1. Here, the author summa-
rized the pathology of spinal cord tumors based 
on SNUH hospital cases.

[1]. The present study analyzed and discussed 
a total of 892 adult spinal cord tumors and vas-
cular malformation from the archives of the 
Seoul National University Hospital (SNUH), 
for 9 years, from January 2010 to December 
2018 (Table 2.1). This article described the 
intradural spinal cord tumors about the fre-
quency of tumors, age, gender difference, path-
ological features, and genetic abnormalities. 
The incidence of spinal cord tumors of SNUH 
is similar to the previously reported incidence 
[2]. Reported intra- and extramedullary spi-
nal cord tumors (IM-SCT and EM-SCT) com-
prise approximately 5%–10% and 70%–80%, 
respectivel [1]. In SNUH, the most frequent 
tumors were extramedullary tumors [67.2% of 
ID-SCT] and gliomas (22.4% of ID-SCT) (Table 
2.1). The most common extramedullary tumors 
were schwannomas (47% of ID-SCT, 70% of 
EM-SCT), followed by meningiomas (16% 
of ID-SCT), neurofibromas (2% of ID-SCT), 

Table 2.1  Incidence of spinal cord tumors in adults collected from the archives of Seoul National University 
Hospital, from 2000–2018

M:F: male to female, EM: extramedullary, IM: intramedullary, SCT: spinal cord tumor

Tumors % of ID-SPTs No % of EM-SCT 
or ID-SCT

Mean age M:F 
ratio

Intradural extramedullary tumors 67.9% 100%

Schwannoma 46.7 417 69.1 47.2 (20–75) 1:1

Meningioma 15.7 140 23.1 58.6 (21–82) 1:6

Neurofibroma 2.2 20 3.2 40 (17–72) 1:1

Paraganglioma 1.0 9 1.5 47.0 (28–71) 3.5:1

Solitary fibrous tumor 0.8 7 1.2 37.3 (18–61) 2.5:1

Chordoma 0.7 6 1.0 44 (20–67) 2:1

Malignant peripheral nerve sheath tumor 0.6 5 0.9 33.6 (19–46) 1.5:1

Intramedullary tumors 32.4% 100%

Ependymoma 10.5 93 46.9 29 (23–81) 1.3:1

Hemangioblastoma 4.8 43 21.4 45.2 (16–81) 1.4:1

Astrocytoma 3.7 33 16.5 44.2 (16–75) 1.3:1

Myxopapillary ependymoma 2.8 25 12.5 44 (16–74) 1:1.5

Subependymoma 0.6 5 2.7 41 (21–56) 0.25:1

Vascular malformation 4.7 42 49.3 (16–75) 1.2:1

Metastatic tumor 5.3 47 57 (17–73) 0.9:1

Total 100% 892
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2.2  Peripheral Nerve Sheath 
Tumors Including 
Schwannomas, Neurofibromas, 
and Malignant Peripheral 
Nerve Tumors

Schwannomas, the most common extramedul-
lary benign nerve sheath tumor, grows eccentri-
cally from nerve fascicles in the transition zone 
from the CNS to the PNS. Therefore, schwanno-
mas often arise from the nerve root starting from 
the spinal cord. The mean age was 47.2 years 
with the age range was from 16 to 78 year old. 
Male to female ratio was 1:1. They are pure 
nerve sheath tumors composed of schwann  
cells surrounded by a fibrous capsule. The tumor 
cell nuclei are wavy eel-like, and  bland-looking 
and taper at both ends. A biphasic pattern is 
characteristic; i.e., cellular Antoni A and loose, 
less cellular Antoni B-areas. Verocay bodies 
are banded eosinophilic acellular structures 
between the raw of the pseudopalisading nuclei 
in the Antoni A area (Fig. 2.2). Perivascular hya-
linization is another characteristic microscopic 
finding. These tumors often show nuclear degen-
erative atypia, which is enlarged and somewhat 
hyperchromatic. Long-standing slowly growing 

schwannomas with degenerative nuclear atypia 
are called “ancient schwannoma.” Cystic 
changes or macrophage infiltration are com-
mon findings. Mitoses or necrosis are very rare. 
Even if present, they do not indicate a malignant 
transformation. The shaving of tumor origin, 
which is the tumor attaching part, has peripheral 
nerve bundles, which is positive for neurofila-
ment (NF) protein (Fig. 2.2). The tumor capsule 
has several layers of long slender, EMA-positive 
cells, which are the perineurial cells. Therefore, 
the capsule of the schwannoma is an extension 
of the perineurium (Fig. 2.2).

Malignant schwannomas are extremely rare, 
showing clear nuclear pleomorphism, high 
mitotic rate including atypical mitoses, and high 
proliferation indexes (Ki-67 index). Tumor cells 
of benign schwannomas are always positive for 
S-100 protein and vimentin. The prognosis is 
usually good when complete excision is con-
ducted; however, without complete resection, 
continuous growth is usual.

Neurofibroma is a benign nerve sheath tumor 
composed of schwann cells, perineurial cells, 
and fibroblasts. The mean age was 40.0-year old 
with the age range from 17 to 72-year old. The 
male to female ratio was 1:1. The tumor cells 

Fig. 2.1  The order of frequency and percentage of the intradural spinal cord tumors
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or hemorrhage [4]. Primary spinal MPNST 
is extremely rare, which comprises 0.65% of 
entire intradural spinal tumors [4]. MPNST 
usually has a loss of S-100 protein expression. 
The individual tumor cells are surrounded 
by external lamina; therefore, reticulin fib-
ers surrounded individual tumor cells of the 
neurofibroma, while MPNST show less dense 
reticulin fibers than those of neurofibromas. 
MPNST is a very aggressive sarcoma, with 
five-year survival rates depending on surgical 
resectability and adjuvant treatment modality, 
but adjuvant therapy did not show any survival 
gain [5]. The prognosis and survival data have 
limitations due to the extremely low incidence 
of MPNST.

are wavy spindle cells haphazardly arranged 
with loose intercellular matrix (Fig. 2.3). The 
tumor cell nuclei are characteristically eel-like 
with bilateral tapering ends. The tumor can be 
grossly nodular or diffuse without fibrous cap-
sules. Mitosis is rare and necrosis or hemorrhage 
is usually absent. The schwann cells are posi-
tive for S-100 protein and vimentin. The Ki-67 
proliferating index is generally very low. This 
tumor is mostly sporadic but can be associated 
with neurofibromatosis and neurofibromatosis 
type 1 (NF1) mutation or deletion [3].

If malignant transformation occurs, it is 
referred to as a malignant peripheral nerve 
sheath tumor (MPNST), which shows pleo-
morphic nuclei, high mitoses, and/or necrosis 

Fig. 2.2   a Schwannoma characteristically has hyalin-
ized vasculature. b Schwannoma shows biphasic pat-
tern composed of cellular Antoni A area (upper half) 
and loose less cellular Antoni B area (lower half). c The 
shaving of tumor origin, which is tumor attaching part 

has peripheral nerve bundles. Peripheral nerve bundles 
(tumor origin) are positive for neurofilament (NF) pro-
tein. d The capsule of the schwannoma has EMA posi-
tive thin and elongated perineurial cells; therefore, the 
capsule is the extension of the perineurium
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spinal cord meningiomas, respectively. Any 
histopathological subtype of meningiomas can 
occur in the spinal cord; however, psammoma-
tous and meningothelial types were equally the 
most common. The psammomatous type char-
acteristically occurs at the thoracic level [6]. 
Clear cell meningiomas are more common in 
the spinal cord than intracranially and show 
high recurrence rates [6] but are still extremely 
rare, comprising 2.1% of cases in the present 
study. Benign meningiomas are grossly well-
circumscribed solid tumors with fibroma-like 
consistency, while the psammomatous type is 
stony hard and gritty on palpation or cut. The 
psammomatous subtype has extraordinary 
numerous psammoma bodies. Microscopically, 

2.3  Meningiomas

Meningiomas were the second most com-
mon dural-based intradural extramedullary 
tumors (IDEMs). The incidence of meningi-
oma was slightly more than one-third of that 
of schwannoma in SNUH. The mean age was 
 58.6-year-old with the age range from 21 
to 82-year old. It occurs more commonly in 
women. The male to female ratio was 1:6. The 
order of frequency of the sites of meningiomas 
were thoracic, cervical, and lumbar levels, at 
12:5.5:1, respectively. Spinal cord meningi-
omas are mostly benign and WHO grade I/II/
III meningiomas comprised 82%, 17%, and 
less than 1% (0.7% in our hospital data) of the 

Fig. 2.3  a Neurofibroma shows loosely and haphazardly 
arranged wavy spindle cells and collagen bundles. The 
nuclei of tumor cells are also eel-like, similar to schwan-
noma cells. b There are some entrapped axons in the center 
of the tumors, here and there. This finding is the most 
distinguishing feature from Schwannoma. schwannoma  
also can have the entrapped axons that are usually located 

in the tumor periphery, which may be of the tumor origin 
because schwannoma grows eccentrically in the nerve. c, 
d The low power view of the nerve in that neurofibroma 
arose, showing diffuse bulbous enlargement of nerve and 
the axons of the origin nerve are present in the center of the 
origin nerve (arrows), therefore, the origin nerve cannot be 
saved when tumor removal is conducted
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are the single most important parameter; the 
presence of four or more mitoses are present in 
10 high-power fields (HPF) indicates atypical 
meningioma, while the presence of more than 
20/10 HPF indicates anaplastic meningioma. 
Spinal cord invasion is another important prog-
nostic factor; Morphologically WHO grade I 
meningioma with spinal cord invasion are con-
sidered atypical meningioma, grade II and mor-
phologically WHO grade II meningiomas with 
spinal cord invasion are categorized as anaplas-
tic meningioma, WHO grade III. The so-called 
spinal cord invasion is a finger-like invasion into 
the spinal cord parenchyma; however, push-
ing into the brain parenchyma or invasion along 
the Virchow Robin space are not considered 
as a true invasion. Regardless of the criteria 

benign meningiomas show a typical whirl-
ing (or whorl) pattern with syncytial growth of 
tumor cells, which is lost in higher grade men-
ingiomas (Fig. 2.4). The nuclei of benign men-
ingiomas commonly have vesicular chromatin 
with intranuclear inclusions due to nuclear 
irregularity. The six microscopic parameters 
suggesting high-grade meningioma are high cel-
lularity, pattern-less growth with small cell high 
nucleocytoplasmic ratio, macronuclei, spontane-
ous necrosis, mitotic index, and brain invasion. 
If more than three of these parameters are pre-
sent, the meningioma is categorized as atypical 
grade (WHO grade II).  Anaplastic-grade men-
ingiomas usually show overt malignant fea-
tures such as pleomorphic nuclei, high mitoses, 
extensive necrosis, and invasive nature. Mitoses 

Fig. 2.4   a This meningioma shows a typical histopatho-
logical pattern of meningothelial meningioma, which is a 
whirling pattern. b Psammomatous meningioma is com-
mon in the spinal cord rather than in the intracranium and 
has numerous psammoma bodies. c Clear cell meningioma 
is atypical grade (WHO grade II) and common in the spinal 

cord and characteristically shows clear cytoplasm, which 
is filled with glycogen particles. d Atypical meningioma, 
WHO grade II shows high cellularity and frequent mitoses, 
4 or more than 4/10 high-power fields. The nuclei of this 
tumor frequently have intranuclear pseudoinclusions, which 
are characteristics of the neoplastic meningothelial cells
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2.4  Ependymomas Including 
Subependymomas 
and Myxopapillary 
Ependymomas

Ependymomas are the most common glial 
tumors of the spinal cord and arise from the 
ependymal cells of the spinal canal [10]. 
Ependymomas were three times more common 
(60% of spinal gliomas) than astrocytic tumors 
(21% of spinal gliomas) at SNUH. The order 
of frequency was ependymoma WHO grade II 
(73.0%), myxopapillary ependymoma (19.2%), 
and subependymoma (3.8%). The anaplastic 
subtype was extremely rare. Ependymomas 
were common in middle-aged men (male: 
female ratio 5:4). The mean age of patients 
with ependymomas was 46.1 years (range: 
23–81 years) and they occurred most commonly 
in the fourth and seventh. The order of fre-
quency levels in our hospital was cervical, lum-
bar, and thoracic (8.3:2.5:1).

Ependymomas are usually 
 well-circumscribed tumors and have typical 
perivascular pseudorosettes composed of central 
blood vessels and a surrounding anuclear fibril-
lary zone (Fig. 2.5). The tumor cells are usually 
monotonous and small with uniformly round to 
oval nuclei showing salt and pepper chromatin 
patterns. The nucleoli are usually not conspicu-
ous. Low-grade ependymomas have low mitotic 
rates but necrosis is possible; therefore, the latter 
is not a parameter of high-grade ependymomas. 
Rarely papillary and tanycytic ependymomas 
are seen in the spinal cord (Fig. 2.5). Papillary 
ependymomas show finger-like projections 
containing fibrovascular cores surrounded by 
multilayered tumor cells (Fig. 2.6). Tanycytic 
ependymomas show an astrocytoma-like fas-
cicular appearance with indistinct perivascular 
pseudorosettes (Fig. 2.6). Tanycytic ependymo-
mas have a predilection for the spinal cord.

Anaplastic ependymomas, WHO grade III, 
show high cellularity and brisk mitosis (≥20/10 

suggesting high-grade, clear cell, and chordoid 
meningiomas are atypical meningioma, WHO 
grade II; papillary and rhabdoid subtypes are 
anaplastic meningioma, WHO grade III [6].

Meningiomas can be positive for epithelial 
membrane antigen (EMA), progesterone receptor, 
S-100 protein, and vimentin however, SSTR2 is 
the most sensitive marker for meningioma. The 
Ki-67 indexes of benign, atypical, and anaplastic 
meningiomas are usually less than 3%, 4%–10%, 
and more than 10%, respectively; therefore, while 
it is helpful for grading, the range of Ki-67 indi-
ces is wide and overlap between grades. Mitoses 
are a very important parameter for grading; how-
ever, mitosis count is not easy because they are 
usually small and not atypical. Phosphorylated 
histone H3 (pHH3) immunohistochemistry is 
very helpful to count mitoses.

Recently, the genomic landscape of meningi-
oma has been revealed by whole exome sequenc-
ing or next-generation sequencing (NGS) using 
brain tumor targeted gene panel. The genetics 
differ according to the site of origin. The most 
common intracranial meningioma-associated 
genes are neurofibromin 2 (NF2), TNF receptor-
associated factor 7 (TRAF7), Kruppel like factor 
4 (KLF4), phosphatidylinositol-4,5-bisphosphate 
3-kinase catalytic subunit alpha (PIK3CA), AKT 
serine/threonine kinase 1 (AKT1), smoothened, 
frizzled class receptor (SMO), RNA polymerase 
II subunit A (POLR2A), and  SWI/SNF-related, 
matrix-associated, actin-dependent regulator of 
chromatin, subfamily B, member 1 (SMARCB1), 
while the gene associated with spinal cord men-
ingiomas is SWI/SNF-related, matrix-associated, 
actin-dependent regulator of chromatin, subfam-
ily E, member 1 (SMARCE1) [7]. High-grade 
meningiomas tend to have telomerase reverse 
transcriptase (TERT) promoter mutations, two 
hot spot mutations (C228T and C250T), are asso-
ciated with histologic progression in grade and 
poor prognosis [8]. Loss of function mutations in 
SMARCE1 is associated with inherited multiple 
spinal and clear cell meningiomas [9].
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several cell clusters (Fig. 2.6). Mitoses are 
rare, and necrosis or brain invasion is absent. 
Degenerative nuclear atypia is rarely found but 
is not a high-grade feature, as described above. 
Genetic alteration of subependymoma is largely 
unknown, but TRS1 gene alteration was found 
in the familial subependymomas [13].

Myxopapillary ependymomas are not uncom-
mon, which were typically benign spinal cord 
ependymomas that commonly developed at the 
lower thoracic to the lumbar levels (T12 to L2, 
3), including the sacrum and filum terminale, 
and rarely occur at the upper thoracic or cervi-
cal levels of the spinal cord [14]. The mean age 
of patients in the present study was 44 years 
(range: 16–74 years). Grossly, these tumors are 
well-encapsulated and often dumbbell-shaped 
solid masses composed of hyalinized blood 

HPF) with microvascular proliferation; however, 
nuclear pleomorphism is not present or mild. 
Invasion to the brain tissue can be seen in ana-
plastic ependymoma. The most common genetic 
abnormalities of spinal cord ependymomas are 
one copy loss of NF2 or NF2 mutations [11, 12]. 
Anaplastic ependymomas can show chromo-
somal copy number variation.

Subependymomas are rare primary benign 
spinal cord tumors categorized as WHO grade I. 
They usually develop in the third to sixth dec-
ades (mean: 41.2 years, range 21–56 years) and 
are most common at the cervical and thoracic 
level. They are well-circumscribed or well-
encapsulated tumors and show typical micro-
scopic features, including alternative cellular 
and less cellular areas with  micro-rosette-like 
aggregates of tumor cells composed of 

Fig. 2.5   a The perivascular pseudorosettes are one of 
the patterns of the ependymoma. b Some ependymomas 
have frequent vacuolar cytoplasm, which are the inter-
cellular lumina. c Anaplastic ependymoma shows high 

cellularity and high mitoses. Well-preserved perivascular 
pseudorosettes are seen. d The Ki-67 labeling (prolifera-
tion) index of the tumor C, anaplastic ependymoma is 
very high (46%)
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or Olig2 positive nuclei are typically absent in 
this tumor.

The frequency of NF2 mutations in spinal 
and intracranial ependymoma was 32.1 and 
4.4% in Lee et al.’s paper [15].

2.5  Astrocytic Tumors Including 
Other Astrocytomas (Pilocytic 
Astrocytomas)

Astrocytomas comprised 16.5% of intramed-
ullary tumors and 25% of the spinal gliomas 
(one-fourth of ependymomas), including grade 
I pilocytic astrocytomas (n = 10, 33%), dif-
fuse astrocytomas (10%), anaplastic astrocy-
tomas (6.7%), glioblastomas (20%), and H3 
 K27M-mutant diffuse midline gliomas (30%) 

vessels and myxoid or mucinous intercellu-
lar matrixes. The tumor cells are monotonous 
with a polygonal appearance and bland-looking 
nuclei but sometimes show bipolar elongated 
cytoplasmic processes (Fig. 2.6).

All types of ependymomas are positive for 
glial fibrillary acidic protein (GFAP), EMA, 
S100 protein, and vimentin [12]. GFAPs are 
usually more accentuated in the perivascular 
anucleated fibrillary zone. EMA positivity mani-
fests as a dot-like or tiny ring-like appearance, 
which are ultrastructurally intracytoplasmic and 
intercytoplasmic micro-rosettes with micro-
villi and cilia. They are generally negative for 
oligodendrocyte transcription factor 2 (Olig2) 
and synaptophysin [12]. Myxopapillary epend-
ymoma is positive for GFAP, S100, CD99 and 
CD56, but dot-like cytoplasmic EMA positivity 

Fig. 2.6  a The papillary ependymoma shows finger-
like projection containing fibrovascular cores surrounded 
by multilayered tumor cells. b Tanycytic ependymoma 
has the predilection to the spinal cord and have fascicu-
lar pattern with indistinct perivascular pseudorosettes. c 

Subependymoma shows a characteristic pattern, which is 
an alternating pattern of the clusters of cells and acellular 
areas. d Myxopapillary ependymoma shows perivascular 
hyalinization and myxoid intercellular space. The tumor 
cells usually have elongated cytoplasmic processes
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young adults (< 40 years). Genetically, 80% of 
grade I spinal pilocytic astrocytomas harbored 
BRAF gene alteration, with 40% harboring the 
KIAA1549-BRAF fusion and the other 60% 
having a BRAF copy number gain. In addition, 
spinal pilocytic astrocytoma slightly more com-
monly has homozygous deletion of CDKN2A 
than cerebellar tumors (21.1%: 33.3%) [18]. 
Genetics of the spinal grade II astrocytoma 
is limited due to extreme rarity, but BRAF 
gene alteration like pilocytic astrocytoma has 
been reported [19]. Most spinal glioblastomas 
were IDH-wildtype de novo glioblastoma with 
EGFR amplification and/or PTEN or CDKN2A 
homozygous deletion in our series like Nakashi 
et al.’s cases [20].

Diffuse midline gliomas (DMGs), H3 
K27M-mutants of the spinal cord, are rela-
tively recently recognized aggressive glio-
mas that are categorized as WHO grade IV 
[21]. This tumor has somatic mutation of the 
H3F3A or HISTH3C or HISTH3B/C [21]. 
Morphologically, DMGs cannot be differen-
tiated from astrocytic tumors (Fig. 2.9). The 
tumor cells are positive for GFAP and the nuclei 
are positive for K27M antibody, which is the 
H3 K27M-mutant-specific antibody. However, 
spinal cord DMG has a slightly better prognosis 

in SNUH. H3 K27M-mutant diffuse midline 
gliomas were the most common adult high-
grade glioma of the spinal cord in our hospital. 
Hamilton et al. reported that only 13% of spinal 
glioma was malignant, but it included pediat-
ric tumors [16]. However, among adult primary 
spinal gliomas, malignant astrocytoma (Grade 
III and IV) was most common, and comprised 
about 57% in our series. There were 3 cases of 
glioneuronal tumors, WHO grade I, present. The 
distribution of spinal astrocytic tumors and gli-
oneuronal tumors according to the WHO grade 
is shown in Fig. 2.7.

Astrocytic tumors show a characteristically 
pattern-less, sheet-like growth pattern with irreg-
ularly shaped hyperchromatic nuclei and fibril-
lary cytoplasmic processes (Fig. 2.8). According 
to the Dauma-Duport grading system, they 
are divided into four grades [17]. The male to 
female ratio was about 1:1, the same is for DMG 
H3, K27M-mutants. The age distributions were 
similar to those of grade I to III gliomas (mean 
age: 43.8, 53, and 41-year old for WHO grade 
I, II, and III astrocytomas, respectively). The 
age for grade IV GBM was 10 years less (mean 
age: 33.5 years, range: 16–60 years) than that 
for remained gliomas because half of GBMs 
in the spinal cord occurred in adolescents and 

Fig. 2.7  The proportion of the adult spinal astrocytoma and glioneuronal tumors according to the WHO grade. The 
most common tumor was WHO grade IV, including glioblastomas and H3 K27M-mutant diffuse midline gliomas
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ratio was 1.4:1. Hemangioblastomas can occur at 
any level from the cervical to the lumbar spinal 
cord. The tumors are well-encapsulated by thin 
fibrous capsules and capillary-rich solid tumors 
(Fig. 2.10). The tumor cells are foamy stromal 
cells and the capillaries are accompanied by 
non-neoplastic cells. Immunohistochemically, 
the neoplastic stromal cells are positive for S100 
protein, neuron specific enolase and GLUT-1. 
Ultrastructurally, the tumor cells have many fat 
vacuoles and intermediate filaments, resulting 
in foamy cytoplasm; however, the pathogenesis 
and origin cells remain unknown. Rarely, hya-
line globules are present (Fig. 2.10). It can be 
associated with Von Hippel-Lindau disease [23]. 
The prognosis is good if the tumor is completely 
removed.

than that of spinal glioblastoma (WHO grade 
IV), contradictory to brainstem or thalamic H3 
K27M-mutant diffuse midline gliomas.

2.6  Hemangioblastomas

Hemangioblastomas were also not uncommon 
benign intramedullary spinal cord tumors. They 
were 1.5 times more common than astrocytic 
tumors and one-third as common as epend-
ymomal tumors. Hemangioblastomas occured in 
a wide range of patients aging (mean: 45.2 years, 
range 19–81 years). Hemangioblastomas com-
prised about 5% of spinal cord tumors. However, 
both intra- and extramedullary hemangioblas-
tomas have been reported [22]. Male to female 

Fig. 2.8   a This picture shows pilocytic astrocytoma, 
WHO grade I. Rosenthal fibers (arrows) are present. These 
tumor cells show somewhat nuclear pleomorphism, which 
is the degenerative nuclear atypia, made by slowly growing 
and long-standing nature of the tumor. b Diffuse astrocy-
toma shows sheet of tumor cells in the background of the 

cytoplasmic processes. The mitoses are very rare and nei-
ther microvascular proliferation nor necrosis is present. c 
Anaplastic astrocytoma shows nuclear atypia and increased 
mitoses, more than 4/10 high-power fields. d This picture 
is glioblastoma, WHO grade IV showing tumor cell necro-
sis (*) and microvascular proliferation (arrow)
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at any level of the spinal cord from cervical to 
the lumbar levels. The male to female ratio 
of patients was 2.5:1. CNS SFTs are mostly 
malignant and WHO grade II (atypical) or III 
(anaplastic), while soft tissue or pleural SFTs 
are usually benign. Because of this aggressive 
behavior, the terminology of hemangiopericyto-
mas is still used in parallel with that of SFTs.

2.7  Solitary Fibrous Tumors

Solitary fibrous tumors (SFTs), formerly known 
as hemangiopericytomas, are rare intradural 
extramedullary mesenchymal tumors arising 
from dural mesenchymal cells. They occurred 
in the third to fifth decades of age (mean: 
37.3 years, range: 18–61 years) and can develop 

Fig. 2.9   a Diffuse midline glioma shows exactly astro-
cytoma-like feature. b H3F3A K27M-mutant-specific 
antibody, K27M is positive for the tumor cell nuclei, but 
negative in the entrapped neuronal cells and endothelial 

cell nuclei. c Half of the diffuse midline glioma, H3 
K27M-mutant is positive for p53 or have TP53 mutation. 
d This tumor shows high Ki-67 labeling (proliferation) 
index, 35%
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This tumor is locally aggressive and late and 
remote extracranial metastasis is well known. A 
mitotic rate above 5, necrosis, and high cellular-
ity are the most important parameters of ana-
plastic SFT, WHO grade III. Genetically, these 
tumors homogeneously have STAT6-NAB2 
fusions; therefore, the nuclear expression of 
STAT6-protein is a diagnostic hallmark of this 
tumor [24, 25].

SFTs are highly vascularized and relatively 
well-circumscribed. The cut surface may have a 
hemorrhagic firm appearance. Microscopically, 
this tumor shows highly cellular sheets of small 
to oval cells with rich vasculature (Fig. 2.11). 
These vasculatures show characteristically 
patent staghorn-shaped lumina with thin vas-
cular walls. This tumor often has lace-like or 
 keloid-type collagen.

Fig. 2.10  a, b Hemangioblastoma shows rich thin-
walled capillaries and stromal cells in between the cap-
illaries. The stromal cells are the tumor cells and have 
foamy cytoplasm due to intracytoplasmic fat vacuoles. 
c The tumor cells are strongly positive for S100 protein, 

which is helpful to differentiate from metastatic renal 
cell carcinoma. On the left side of the picture, there is the 
nerve fascicles and the right side is the hemangioblas-
toma. d The stromal (tumor) cells of hemangioblastoma 
are positive for neuron-specific enolase (NSE)
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Microscopically, the monotonous 
 polygonal-shaped tumor cells show “zellbal-
len (cell balls)” due to sinusoids (Fig. 2.12). The 
tumor cells are positive for synaptophysin and 
CD56, and S-100 protein-positive sustentacu-
lar cells are often scattered or hug the nest of the 
cells; however, the number of sustentacular cells is 
very variable [26]. Pathogenic germ line variants 
in genes of the succinate dehydrogenase complex 

2.8  Paragangliomas

Paragangliomas are rare benign neuroendocrine 
tumors of the spinal cord that mostly occur at 
the distal lumbar level as approximately 1–2 cm, 
well-encapsulated intradural and extramedullary 
masses. The mean age of patients with para-
gangliomas in the present study was 47.9 years 
(range: 28–71 years). M to F ratio was 3.5:1.

Fig. 2.11  a Solitary fibrous tumor (SFT) shows a sheet  
of oval to slightly spindle cells with minimal pleomor-
phism. Many dilated blood vessels are the hallmark of 
this tumor. b Anaplastic solitary fibrous tumor shows 
more cellular and more pleomorphic than grade II SFT. 
Grade III SFT usually has frequent mitoses (more than 

5/10 high-power fields) than grade II SFT. c The orig-
inal part of the SFT is dura, which is dense collagen-
ous tissue. The tumor assumes to arise from the dural 
mesenchymal cells. d The tumor cell nuclei are positive 
for STAT6 because this tumor has STAT6-NAB2 gene 
fusion
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and gradually extend into the bone and adja-
cent soft tissue with ill-defined and infil-
trative margins. The chordomas can occur 
at any level of the spine but are common at 
the cervical level and less common in the 
sacrum. The mean age of patients with chor-
domas in the present study is 44 years (range: 
20–67 years).

The tumors show lobular or trabecular 
growth of physaliphorous cells with intracy-
toplasmic bubbly vacuoles (Fig. 2.13). The 
nuclei are oval or round. Histologically, four 

(SDHx), TMEM127 or MAX were found in 
approximately 20% of hereditary paragangliomas 
[27]. Most spinal paragangliomas are benign, but 
malignant paraganglioma rarely exists, which has 
to have metastases by definition [28, 29].

2.9  Chordomas

Chordomas are rare, slow-growing malig-
nant bone tumors of the skull base and spine. 
The tumors arise from notochordal remnants 

Fig. 2.12   a Paraganglioma shows the lobular arrange-
ment, composed of monotonous cells. b The tumor cells 
are positive for synaptophysin. c Ki67 index is not high 

(3.5%). d The tumor has a well-developed fibrous cap-
sule, the outside tissue of the tumor capsule is positive 
for GFAP
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types are present; typical (NOS) (95%), chon-
droid (up to 4%), dedifferentiated types (less 
than 1%) and poorly differentiated (less than 
1%). Dedifferentiated chordomas are biphasic 
tumours, comprising conventional chordoma 
juxtaposed to high-grade undifferentiated spin-
dle cell sarcoma. The tumor cells are positive 
for cytokeratin, brachyury, S-100 protein, and 
vimentin [6]. Poorly differentiated chordomas 
show loss of nuclear INI1 expression.

The driver mutation of chordomas is T 
gene (brachyury) duplication (6q27). Familial 
chordoma is very rare but is associated with 
T gene duplication [30, 31]. Chordomas 
should be differentiated from benign noto-
chordal cell tumors (BNCT), which are benign 
intraosseous lesions derived from noto-
chordal cells [32].

2.10  Metastatic Tumors

Metastatic tumors have incidence rates similar to 
those of hemangioblastomas of the spinal cord, 
about 5% of spinal cord tumors. The most com-
mon metastatic tumors are lung adenocarcino-
mas, breast carcinomas, colon adenocarcinomas, 
hepatocellular carcinomas, and drop metasta-
sis from brain tumors (Fig. 2.14) (Table 2.2). 
However, any carcinoma or sarcoma can metas-
tasize to the spinal cord. The common sites of 
metastasis are vertebral bone, periverterbral soft 
tissue, and epidural space.
Conflict of Interest:
We have no conflicts of interest to declare.

Fig. 2.13   a, Chordoma shows typical physalipho-
rus cells which have intracytoplasmic vacuoles. b, c 
The tumor cells are positive for cytokeratin and S-100 

protein. d Ki-67 labeling (proliferative) index is usually 
not high, but this tumor is slowly growing malignant 
tumor



232 Pathology of the Spinal Cord Tumors

Fig. 2.14  a Metastatic carcinoma from lung is the most 
common metastatic tumor to the spine or adjacent soft 
tissue. b This is the metastatic invasive ductal carcinoma 

with central comedo necrosis. c This is the metastatic 
clear cell renal cell carcinoma. d This is the metastatic 
epithelioid hemangioendothelioma from the liver
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Anatomy of Spinal 
Meninges and Meningeal 
Spaces: Relevant to Surgery 
of Spinal Cord Tumors

Young-Il Hwang

Abstract
Three layers of meninges, the pia mater, the 
arachnoid membrane, and the dura mater 
from inside out envelop the brain and the 
spinal cord. The relationship between these 
meninges and surrounding structures is some-
what different in the brain and spinal cord. 
In particular, understanding of the anatomi-
cal relationship in the spinal cord region is 
inevitable for surgical approaches to various 
disease conditions that occur in this region. 
Again, the anatomy can be more easily 
understood based on developmental knowl-
edge. In this chapter, the development of the 
spinal meninges is briefly described first, fol-
lowed sequentially by those for each menin-
geal membrane and the “spaces” associated 
with them.

Keywords
Embryology of the meninges · Meninx 
primitiva · Endomeninx · Ectomeninx · Dura 
mater · Dural border cell layer · Arachnoid 

membrane · Arachnoid barrier cell 
layer · Arachnoid reticular cell layer · Dura–
arachnoid junction · Pia mater · Epidural 
space · Subarachnoid space · Ependyma

3.1  Embryology of the Meninges

Embryologically, meninges are derived from the 
meninx primitiva [1, 2]. After the neural tube is 
formed, cells derived from both the somite and 
the neural crest surround the neural tube and 
form the meninx primitiva. It soon divides into 
two layers. The inner layer, the endomeninx, is 
composed of cells derived from both the somite 
and neurectoderm and differentiates into the 
arachnoid and pia maters (leptomeninges). The 
outer layer, the ectomeninx, is composed of cells 
derived only from the somite and differentiates 
into the dura mater (pachymeninx), the neuro-
cranium, and the vertebrae.

3.1.1  Morphological Development

The morphological development of the spi-
nal [3] and the cranial [4] meninges has been 
described in detail in human embryos. Based on 
these works, the first sign of meningeal devel-
opment appears in embryos of Carnegie stage 
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begins first in the ventral area and extends lat-
erally. At stage 19 (17–20 mm, ca 47–48 days), 
the meninx primitiva shows a reticular arrange-
ment of its cells (Fig. 3.4). Now the distinction 
between the loose leptomeningeal tissue and 
denser pachymeninx becomes evident. Sensenig 
[3] described that “The epidural space is first 
indicated at about the 20-mm stage”, which 
corresponds to the stage 20 embryos. However, 
other observations [5] showed an apparent epi-
dural space at stage 18. At stage 23 (27–31 mm, 
ca 57 days), the end of the embryonic period, 

11 (2.5–4.5 mm in length, ca 24 days old), as a 
single strand of cells migrating from the neural 
crest to the surface of the neural tube, initially 
at the level of caudal medulla oblongata and 
the cervical spine. Initially, the cells are mor-
phologically distinguishable from somitic cells. 
However, soon, they become indistinguishable 
so that their origin cannot be assigned anymore. 
The sclerotomes persist until the next stages 
(Fig. 3.1) adding mesenchymal cells around the 
neural tube.

At stage 14 (5–7 mm, ca 32 days), vessels 
have been formed around the neural tube and 
begin to penetrate the neural tissue at the mid-
brain level. At stage 15 (7–9 mm, ca 33 days), 
the primordia of vertebrae become evident as 
condensed cell areas, leaving an intermedi-
ate zone of looser cells between them and the 
neural tube. This loose area is called “meninx 
primitiva” or “primary meninx” (Figs. 3.2 and 
3.3), from which all the three meningeal lay-
ers are supposed to be derived. This change is 
especially prominent in the ventral aspect of the 
tube.

At stage 18 (13–17 mm, ca 44 days), the tis-
sue of the meninx primitiva becomes looser, and 
spaces begin to appear in it, which are regarded 
as the primordium of the subarachnoid space. 
By the end of the embryonic period (stage 23, 
around 30 mm in CR length), these spaces 
become larger without cells but with occa-
sional trabeculae. Another change that occurs 
in the meninx primitiva is its stratification. It 

Fig. 3.1  A human embryo of Carnegie stage 13 (6 mm, 
28 days). A Transverse section at the level of the upper 
limb bud (×100). B The neural crest is separated from 
the neural tube. The sclerotomes persist (×200) C The 

notochord (arrow) is located just ventral to the neural 
tube. (×200) DA, dorsal aorta; DM, dorsal mesentery; 
NC, neural crest; NE, neurectoderm; Sc, sclerotome

Fig. 3.2  A human embryo of stage 16 (7 mm, ca 
37 days) (×200). The primordium of the vertebral body 
(VP) appears as a region with condensed cells in front 
of the neural tube, where the basal plate now forms. 
Between the neural tube and the vertebra primordium, 
cells are loosely arranged, representing the meninx prim-
itiva, which is more or less confined to the ventral side 
of the neural tube. SN, ventral rootlet of the spinal nerve
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Fig. 3.3  A human embryo of stage 17 (13 mm, ca 
41 days). A The boundary between the vertebral pri-
mordium (VP) and the meninx primitiva becomes more 
distinct. The latter now extends to the lateral side of 
the neural tube but not yet to the dorsal side of the tube 
(×100). B Higher magnification of the area indicated by 

a rectangle in figure A. Blood vessels are well developed 
around the neural tube close to its surface (arrows), where 
the pia mater is expected to be. The open arrowhead indi-
cates the basal plate, which began differentiation, as indi-
cated by the elongated shape of the cells (×200). DRG, 
dorsal root ganglion

Fig. 3.4  A later stage human embryo (the specific 
stage has not been assigned to this embryo). A The 
neural tube has developed a substantial amount of 
the marginal layer. The presumptive pia mater (small 
arrows) with blood vessels in it is artificially peeled out 
from the surface of the neural tube. Intercellular spaces 
in the meninx primitiva are filled with amorphous 
substance. On the back of the vertebral primordia, 

a distinct layer of condensed meningeal cells (large 
arrow), the future pachymeningeal cells, are observed 
(×200). B In the more differentiated cephalic region, 
the pachymeningeal layer (arrow) is vividly distin-
guishing with both the anteriorly located neurocranium 
and posteriorly located leptomeninges. The leptome-
ningeal spaces look empty without amorphous sub-
stance (×400)
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3.2  The Dura Mater

While the cranial dura mater is fused with the 
endosteum and thereby adherent to the inner 
surface of the skull, the spinal dura below the 
foramen magnum presents as a separate mem-
brane from the periosteum lining the vertebral 
canal. The spinal dura mater is a white, thick, 
and tough membrane (Fig. 3.5), which forms the 
dural sac that contains the spinal cord in it and is 
surrounded by epidural space.

3.2.1  Attachments of the Dura Mater 
in the Vertebral Canal

The dural sac attaches cranially to the fora-
men magnum where the dura mater fuses with 

the dura mater is vividly separated from the 
neighboring perichondrial tissue.

3.1.2  Origin of the Meningeal Cells

As for the origin of the cells contributing to the 
formation of the meninges, there has been a 
long-standing debate between mesodermal tis-
sue origin and neural crest origin.

Sensenig [3] concluded that meninges largely 
derived from the somatic mesoderm, with neural 
crest cells involving in the formation of the pia 
mater. This was based on their morphological 
observation that migrating cells from the neu-
ral crest to the vicinity of the neural tube could 
be distinguishable in the initial stages, stages 
11 and 12 based on their shape and size, even 
though not anymore in later stages.

In animal experiments, quail-chick chimera 
and transgenic mice have been used to eluci-
date the origin of meningeal cells. As for the 
spinal meninges, transplantation of a quail 
somite [6] or a brachial segment of the neural 
tube [7] into chick embryos revealed no contri-
bution of neural tissue cells to the meninges at 
all. An experiment using Wnt1-Cre/R26R trans-
genic mice, in which neural crest cells express 
β-galactosidase, showed that the meninges over 
the cerebral hemisphere were of neural crest ori-
gin, but not for those surrounding the midbrain 
and the hindbrain [8]. The experiment did not 
include the spinal region. Thus, the results of 
animal experiments seem to prefer no contribu-
tion of neural crest cells to the spinal meninges, 
against the observation in human embryos [3]. 
However, a recent experiment [9] reported con-
trary results to the previous ones. That is, both in 
quail-chick chimera and Wnt1-Cre/R26R mice, 
spinal meninges were observed to originate from 
neural crest cells. Thus, for now, a definite con-
clusion for the origin of the meninges should be 
reserved.

The development of the ependyma and 
related structures are discussed in “3.8. The 
Ependyma”.

Fig. 3.5  The spinal dura mater. The dura is partially 
opened to show its thickness. Inside the dura, the spinal 
cord and some roots of the spinal nerves are seen. DRG, 
dorsal root ganglion
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sleeve for both roots [13]. When these sleeves 
enter the intervertebral foramen, the dura 
attaches to the periosteum covering the foramen. 
These serial attachments also support the stabil-
ity of the dural sac in the vertebral canal. The 
inner aspect of the dura mater is lined with the 
arachnoid membrane, and this relationship con-
tinues at the dural sleeve into the intervertebral 
foramen.

3.2.2  Histology of the Dura Mater

The dura mater appears as a single-layered 
thick membrane to the naked eye, with an aver-
age thickness of approximately 0.3 mm that 
varies depending on spinal levels and age [16]. 
However, it represents three different layers 
ultrastructurally [17].

The outermost layer, “the outer dural border 
layer,” is less than 2 μm in thickness and mainly 
composed of less densely arranged extracellu-
lar collagen fibers intermingled with few elastic 
fibers and leptomeningeal cells with elongated 
processes.

The middle layer is the thickest and richly 
vascularized, consisting of approximately 80 
layers of collagen fibers arranged in different 
directions. These collagen fibers partially inter-
weave and intermixed with numerous elastic fib-
ers, microfibrils, and infrequent fibroblasts.

The innermost layer is composed of one to 
several layers of cells and named as the “dural 
border cell (DBC) layer” by Nabeshima et al. 
[18]. Sometimes, this layer is regarded as a part 
of the arachnoid membrane by some authors [1, 
2]. These cells, i.e., the dural border cells are flat 
and have long, twisty cytoplasmic extensions 
that interdigitate with those of surrounding cells. 
Among the cells and processes, there are occa-
sional cell junctions, mainly desmosomes and 
infrequently gap junctions [19]. The pattern of 
the cytoplasmic extension is not constant so that 
the extracellular spaces created by connections 
of the extensions together are of irregular shape 
and size. Amorphous non-fibrillar materials fill 
these spaces, but collagen and elastic fibers and 
microfibrils are absent. Although these cells 

the endocranium around the foramen magnum. 
At the level of the second sacral vertebra, the 
sac contracts and caudally continues as a thin 
band which is named “the coccygeal ligament” 
or “the filum of the spinal cord.” The ligament 
ensheathes the filum terminale and ends attach-
ing to the dorsal surface of the first coccygeal 
vertebra. These attachments stabilize the sac in 
the vertebral canal. Another attachment of the 
sac can be found at the anterior surface of the 
sac. Anteriorly, through the vertebral canal, the 
dural sac loosely adheres to the posterior longi-
tudinal ligament (PLL) on the dorsal surface of 
the vertebral bodies. This adhesion divides the 
anterior epidural space into the left and right 
compartments [10]. Again, the dural sac is fused 
with the PLL in any one of the C6 to T2 verte-
bral levels [11, 12]. These adhesions are incon-
sistent and, if present, usually appear at the 
intervertebral disc level, and the tissues from 
both structures are merged [13]. In addition to 
the adhesions, several fibrous bands extend-
ing from the anterior surface of the dura to the 
midline and lateral side of the PLL, named 
Hofmann ligaments, are present [11, 12]. These 
ligaments are thread-like fibrous bands, present  
through C7 to L5 vertebrae, 1–5 in number at 
a single level, and appear most frequently at 
the lower thoracic levels. Barbaix et al. [14] 
described another kind of ligament, the anterior 
sacrodural ligament or the Trolard’s ligament, 
which are also fibrous connections between the 
anterior surface of the dural sac and the PLL 
from L3 to sacral vertebrae levels.

Similar ligaments, “the posterior epidural 
ligaments,” were observed during lumbar lami-
nectomy [15]. They were reported to be on the 
dorsal surface of the dura and extend dorsolater-
ally and dorsomedially to the vertebral laminae 
and ligamentum flavum.

On the lateral sides, the dura ensheathes spi-
nal nerve roots like a sleeve as they pierce the 
sac. The sleeve forms separately for the dorsal  
and ventral roots each (Fig. 3.6A). Both sleeves 
unite at the dorsal root ganglion (Fig. 3.6B), 
and then distally continue as the epineurium of 
the ventral and dorsal rami of the spinal nerve. 
However, in the cauda equina, there is a single 
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arachnoid membrane (Fig. 3.7). The arachnoid 
membrane extends laterally inside the dural 
sleeve that encloses the spinal nerve roots.

3.3.1  Layers of the Arachnoid 
Membrane

Ultrastructurally, this membrane composes of 
two layers, the outer “arachnoid barrier cell 
(ABC) layer” and the inner “arachnoid reticular 
cell (ARC) layer” [17] with a distinct basement 
membrane in between. Some authors [2] include 
the dural border cell (DBC) layer to the arach-
noid membrane, thus describes the arachnoid, 
being composed of three layers, the DBC layer, 
the ABC layer, and the innermost portion (or the 
ARC layer).

The outer ABC layer composes of tightly 
packed cells with numerous cell junctions, 
including desmosomes, tight junctions, and gap 
junctions. To be noted is that, tight junctions 
are absent in any other places of meninges than 
the ABC layer of the arachnoid membrane [19]. 
The number of cell layers varies depending on 
areas. No collagen and elastic fibers or micro-
fibrils are present in the extracellular space. A 
continuous, but very thin basal lamina is present 

arrange like epithelium, no obvious basement 
membrane is observable and they are in direct 
contact with the fibers in the middle layer.

3.3  The Arachnoid Membrane

This translucent thin and avascular membrane is 
tightly attached to the dura mater, wraps the spi-
nal cord with it, and continues with the cranial 

Fig. 3.6  The spinal root sleeve. The dorsal and ventral roots pierce the dura mater separately (A) and are enclosed in 
each sleeve (B). Both sleeves merge at the dorsal root ganglion (large arrow)

Fig. 3.7  The spinal dural sac is opened, leaving the 
translucent arachnoid membrane in situ. The presence 
of the membrane is easily recognizable by the light 
reflected on it (arrow)
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to those of the outer pia and inner arachnoid [2]. 
The arrangement of the trabeculae in the spinal 
subarachnoid space is somewhat different from 
that in the cranial cavity. Basically, there are 
sparse trabeculae in the anterior spinal subarach-
noid space with few intermittent ones [20, 21].

3.3.2  The Posterior Midline 
Septum and the Intermediate 
Leptomeningeal Layer

In the posterior subarachnoid space, Nauta 
et al. [20] described a “posterior midline sep-
tum” from the inner surface of the arachnoid to 
the spinal cord extending from the mid-cervical 
down to the lumbar levels. This septum is not 
a continuous sheet but a “delicate layer of cells 
and collagen” [22]. To the naked eye [21], this 
septum is “single-strand or isolated, fenestrated 
septa” from C1 to C5 levels, and “spongy mass 
of interlacing fibrils” from C5 to lumbar levels. 
The attachment to the spinal cord is wider than 
that to the arachnoid membrane.

Meanwhile, Nicholas and Weller [22] 
reported the presence of a distinct “fenestrated 
intermediate leptomeningeal layer” in the pos-
terior subarachnoid space of the thoracic and 
lumbar regions. This layer closely, but loosely 
attaches to the inner aspect of the arachnoid, is 
reflected on the posterior midline septum, covers 
its surface, and again reflects on the spinal cord 
extending laterally over the surface of the pia 
mater. It gradually becomes more fenestrated to 
be fine trabeculae and vanish. This tissue covers 
blood vessels over the surface of the spinal cord 
and nerve rootlets. Similar structures are not 
observed in the cerebral region. This intermedi-
ate layer is also present on the ventral surface of 
the spinal cord, but not as prominent as in the 
dorsal side, and no “ventral midline septum” is 
observable.

Another kind of septum, “the dorsolateral 
septum” is also described [20]. This septum, 
which is most evident from the lower cervical to 
thoracic levels, obliquely extends from the entry 
point of the dorsal rootlets into the spinal cord to 
the beginning point of the dural sleeve. During 

at the innermost aspect of the ABC layer, clearly 
demarcating it from the inner arachnoid reticular 
cell layer.

The outer side of the outer ABC layer tightly 
apposes to the DBC layer, and besides des-
mosomes and infrequent gap junctions are 
observed between the cells of the two layers 
[19]. That is, the DBC and ABC layers repre-
sent a continuity of cell layers from the dura to 
the arachnoid without significant extracellular 
space. However, this connection is very fragile 
and can easily be opened to make an artificial 
subdural space.

The inner reticular cell layer of the arach-
noid composes of loosely arranged cells with 
elongated processes and extracellular collagen 
fibers. The processes are thin and surround col-
lagen fiber bundles [19]. Collagen fibers are not 
uniform in their size, randomly orient, and inter-
mingle with bundles of microfibrils. Some cellu-
lar processes penetrate the basal lamina to reach 
the ABC layer and connect to the cells in that 
layer by gap junctions and desmosomes.

From the inner surface of the arachnoid, 
many trabeculae come out to reach the pia mater 
across the subarachnoid space. Embryologically, 
both the arachnoid and pia mater derive from 
endomeninx [2]. Initially, there are no spaces 
between the future two membranes. Instead, the 
reticulated network of mesenchymal cells and 
gel-like ground substance stacking intercellular 
spaces (endomeninx) occupy the area around 
the neural tube. Fluid-filled cavities begin to 
appear in the ground substance of endomeninx, 
enlarge, and gradually coalesce to form a large 
space (Figs. 3.2 and 3.4), the subarachnoid 
space. This space splits the initial structure into 
the two leptomeningeal structures, the pia and 
arachnoid. During this differentiation process, 
cells and fibers between cavities remain as a rod 
or sheet which crosses the subarachnoid space to 
become the trabeculae. Thus, the arachnoid, the 
trabeculae, and the pia mater can conceptually 
be regarded as a continuum. In fact, core colla-
gen fibers in the trabeculae are continuous with 
those of the arachnoid without interruption and 
again with those in the pia mater. Also, leptome-
ningeal cells wrapping the trabeculae are similar 
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endothelial coverings so that the arachnoid 
cells make direct exposure to the lumen of the 
sinus or the vein [24]. In some areas of the 
arachnoid covering, there is a focal aggregation 
of arachnoid cells, which is called arachnoid 
cap cells. The core of the villus and granulation 
is composed of a meshwork of collagen fibers 
with intervening channels, through which CSF 
is filtered out into the venous lumen (Figs. 3.8 
and 3.9).

3.3.4  The Dura–arachnoid Junction

This junction refers to the transitional zone 
between the dura mater and the arachnoid mem-
brane, often called “the subdural space.” Many 
textbooks state that this space is only a potential 
space between the normally closely adhered two 
membranes.

However, as previously described, the DBC 
and ABC layers are histologically continuous, 
even with occasional cell junctions between 
cells of the two layers. Reina et al. [25] used 

its course, this septum wraps the dorsal rootlets. 
No corresponding septum is found in association 
with the ventral rootlets so that they traverse the 
subarachnoid space without this kind of wrap-
ping. Nicholas and Weller [22] described this 
septum as fenestrated and regarded it made of a 
fenestrated leptomeningeal layer.

3.3.3  Arachnoid Villi and Granulations

Some arachnoid mater pierces the wall of dural 
venous sinuses or veins adjacent to the spinal 
nerve roots to make microscopic arachnoid 
villi and macroscopic arachnoid granulations 
[23]. At the piercing point of the dura mater 
(or the venous wall), a relatively slender intra-
dural stalk forms and it expands in the lumen 
of the sinus (or the vein) (Fig. 3.8). The bound-
ary of a granulation (or a villus) is composed 
of arachnoid cells, the outer surface of which is 
covered with a fibrous membrane derived from 
the dura mater. Again, the outer surface of the 
fibrous membrane is covered with another layer 
of endothelial cells. However, these coatings 
do not completely cover the villus or granula-
tion, leaving the apex devoid of the fibrous and 

Fig. 3.8  An arachnoid villus in the superior sagit-
tal sinus. Proliferated arachnoid tissue penetrates the 
dura mater (D) into the sinus lumen. The stalk (the area 
between arrows) is narrow, but the villus expands after 
entering the lumen. (×100)

Fig. 3.9  Higher magnification of the villus core. The 
core composes of an irregularly arranged meshwork of 
connective tissue with intermingled spaces, where the 
cerebrospinal fluid is filtered into the sinus (or venous) 
lumen. (×400)
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[28]. These ligaments incompletely separate the 
subarachnoid space into anterior and posterior 
compartments.

The core of the ligament consists of densely 
arranged collagen fibers that are continuous 
medially with subpial collagen and laterally with 
that in the dura mater [27]. The surface of the 
core is covered with leptomeningeal cells that 
are continuous with the cells covering the pia 
and arachnoid maters.

Histologically, the spinal pia mater is differ-
ent from the cranial one. In the cranial region, 
the pia mater consists of a single interrupted 
layer of flattened cells, 1–2 cell layer thick, 
without basement membrane. The layer closely 
contacts the cortex, with a narrow interval of 
6 nm thick that contains granular materials and a 
few collagen fibers [27, 29]. Meanwhile, the spi-
nal pia mater consists of a cellular layer of pial 
cells and a subpial layer. The pial cells are flat-
tened, 3–6 layers (8–15 μm in thickness) with 
intervening collagen fibers, and connected to 
each other with desmosomes and other special-
ized junctions. The subpial layer is 130–200 μm 
in thickness and mainly composed of collagen 
fibers. These fibers are arrayed randomly and are 
continuous with those in the arachnoid trabecu-
lae core without interruption. In addition to large 
amounts of collagen fibers, a few elastic fibers, 
amorphous intracellular substances, small ves-
sels, fibroblasts, and macrophages are present 
in the subpial layer [30]. As such, the spinal 
pia mater is much thicker than the cranial one 
and can be peeled off the surface of the spinal 
cord without destructing the cord parenchyma 
(Fig. 3.11) in contrast to the cranial one.

On the surface of the spinal pia mater in the 
pial cell layer, numerous fenestrations have been 
reported [30]. These fenestrations are found in 
the lumbar segments including conus medul-
laris and nerve roots, but not in the thoracic 
segments.

Meanwhile, the pia mater reflects from the 
surface of the spinal cord into the blood vessels 
where the vessels pass through the spinal paren-
chyma. Thus, the spinal subarachnoid space is 
separated from the perivascular or Virchow–
Robin spaces by a layer of pia mater [22].

the term “dura–arachnoid interface” to refer 
to a structure consisting of 4–8 planes of neu-
roepithelial cells with intercellular spaces filled 
with amorphous substance and little collagen 
or elastic fibers. It seems likely that they men-
tioned the inner layer of the dura mater and the 
outer cell layer of the arachnoid membrane as 
a “dura–arachnoid interface.” That means, it is 
difficult to distinguish these two layers of the 
dura and arachnoid, and thus there is no definite 
space between the two meninges. The subdural 
hematoma can be regarded as what is formed in 
an artificially created space due to the destruc-
tion of the connections between DBCs and are 
therefore actually “intradural.” [26]

3.3.5  The Pia Mater

This relatively thin membrane is vascular and 
surrounds the entire spinal cord firmly adherent 
to the spinal cord surface, the glia limitans. The 
spinal pia mater is continuous with the cranial 
pia mater cranially, and it forms the filum ter-
minale caudally as it leaves the spinal cord. The 
filum terminale continues downward in the ter-
minal sac till the level of the lower border of the 
S1 vertebra, where it is wrapped by the spinal 
dura mater. Before the wrapping, it is 15–16 cm 
long and called the “filum terminale internum.” 
After being wrapped, it is called the “filum ter-
minale externum” or, with its dural wrapping, 
the “coccygeal ligament” or the “filum of the 
spinal cord.” The ligament is about 8 cm long, 
passes through the sacral hiatus and adheres to 
the dorsal surface of the first coccygeal vertebra 
[27].

On the lateral side of the spinal cord between 
the ventral and dorsal nerve rootlets, the pia 
mater extends laterally to form a flat fibrous 
sheet extending from upper cervical to upper 
lumbar region (typically between the T-12 and 
L-1 nerve roots), the denticulate ligaments 
(Fig. 3.10). The ligaments form a series of tri-
angular processes in between the two successive 
spinal nerves, the apex of which penetrates the 
dura matter. The number of these triangular pro-
cesses counts approximately 20–22 unilaterally 
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join together to the dorsal root ganglion and 
also the two sleeves. The dural sleeve gradu-
ally becomes thinner as it approaches the dorsal 
root ganglion [23] and adheres to the nerve roots 
[35]. Beyond this point, the dura covers the 
inner surface of the fibrous operculum, which 
closes the intervertebral foramen laterally and 
becomes the epineurium enclosing the nerve 
trunk [28, 35]. The arachnoid membrane follows 
the dural sleeve laterally, lining the inner surface 
of it, and fuses with the pial sheath wrapping the 
roots to be continuous with the perineurium of 
the spinal nerves [27].

Subarachnoid space also follows the dural 
sleeve making a CSF sleeve around the nerve 
roots and closes as blind ends just before the 
nerve trunk traverses the fibrous operculum [28]. 
These ends are bound by the fused arachnoid 
and pia mater, which forms the “subarachnoid 
angle” or “lateral recess.” This angle extends lat-
erally to the dorsal root ganglion.

3.5  The Epidural Space

The epidural space lies between the dura mater 
and the osteofibrous wall of the vertebral canal. 
Anteriorly, the space is bounded by the posterior 
longitudinal ligament, posteriorly by the spinal 
laminae and the ligamenta flava, and extends 
downward to the sacral hiatus.

Based on MRI observation [36], the poste-
rior epidural space is mostly full of epidural 
fat. However, this fat pad is not continuous 
craniocaudal but incompletely segmented due 
to contact between the dura and the lamina. The 
spaces, as revealed by the shapes of the fat pad, 
differ in size and shape depending on the spi-
nal levels. That is, the anterior–posterior length 
of the space is about 7 mm in the lumbar level, 
2.6 mm in the midthoracic level (T7-8), and the 
space almost disappears in the cervicothoracic 
junction. The shape of the space varies from 
triangular in the lumbar to crescentic in the tho-
racic spine.

The epidural fat does not directly contact the 
periosteum lining the vertebral canal. Instead, 
a uniform, delicate, and translucent lining 

3.4  Coverings of the Spinal Nerve 
Rootlets

Dorsal and ventral rootlets of spinal nerves lat-
erally converge into the intervertebral foramen 
from the spinal cord and join together to form 
the roots. During their pathway, nerve fibers are 
enveloped by the myelin sheath, and rootlets and 
roots are surrounded as a whole by membranes 
and spaces.

In general, nerve fibers are myelinated by oli-
godendrocytes and Schwann cells in the central 
and peripheral nervous systems, respectively. 
The roots or rootlets, either of the spinal and 
cranial nerves, by definition belong to periph-
eral nerves, and thus are myelinated by Schwann 
cells. However, there is a “transition zone” [31, 
32] or, more specifically “central–peripheral 
transitional zone” [33], where Schwann cells 
and oligodendrocytes coexist to wrap the nerve 
fibers. The locations and lengths of this transi-
tional zone for each cranial (and also for spinal) 
nerve are different from each other. For exam-
ple, in the case of the nervus intermedius [33], 
the central myelin made by the oligodendro-
cytes extends in average 0.5 and 0.33 mm from 
the brain stem on the medial and lateral sides, 
respectively, out of which 0.279 and 0.134 mm 
in the medial and lateral sides are the transi-
tional zones, where both the oligodendrocytes 
and Schwann cells co-exist.

At the point where the rootlets penetrate the 
pia mater, the pial layer surrounds the rootlet 
and is called the “pial sheath” or “root sheath.” 
The dorsal rootlets are additionally covered with 
arachnoid material, while no such arachnoid 
coverings are found around the ventral rootlets 
[20]. Similar features were also observed in rats 
[34]. The arachnoid lining the dural sleeve turns 
back at “the subarachnoid angle (see below)” 
onto the dorsal root covering the pial sheath. 
However, on the ventral roots, the arachnoid 
mater joint to the pial sheath without turning 
back over the pial sheath.

The dorsal and ventral roots protrude from 
the dural sac being wrapped around by each 
dural sleeve, approach to each other, and enter 
the intervertebral foramen. Here, the two roots 
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component in the intercellular space, which 
would play a structural role to reinforce the 
intercellular space. On the other hand, the cells 
firmly interweave in the dura mater just above 
this layer and in the ABC layer just below to it. 
Thus, when a shearing force is applied, a split 
is formed between the cells of the DBC layer. 
This is quite different from the spaces formed 
between the visceral and parietal layers of the 
pleural and pericardial cavities, which are real 
potential spaces. With the shearing force, cell 
damage accompanies [19, 26] in addition to the 
formation of space.

3.7  The Subarachnoid Space

Also known as the perimedullary space, the suba-
rachnoid space occupies approximately one-third 
of the vertebral canal space [28]. The upper part 

membrane made of thin connective tissue sur-
rounds the fat pad, and this membrane is in 
contact with the lamina and the ligamenta flava 
[37]. Histological observations have revealed 
that the membrane surrounding the epidural fat 
is covered with a single cell epithelium. And, 
this membrane is tethered to the vertebral canal 
wall at the posterior midline where both liga-
menta flava meet. There is no fibrous tissue or 
septum in the fat. Except at the sites where the 
membrane attaches to the midline, vessels are 
not noticeably present in the posterior epidural 
space [13].

Epidural fat is rarely present in the anterior 
epidural space. Instead, the internal vertebral 
venous plexus is present here. Furthermore, 
blood vessels, especially veins, are confined to 
the anterior epidural space, as revealed by epi-
dural venography and CT imaging [13].

In addition to the epidural fat and the inter-
nal vertebral venous plexus, there are bands of 
fibrous tissues that cross the space, as mentioned 
above, to connect the dura mater and the perios-
teum. Hofmann’s ligaments are representative 
examples [11, 12].

3.6  The Subdural Space

As mentioned above, many researchers con-
sider the subdural space, not a real space. The 
traditional “subdural space” refers to an abnor-
mal one resulting from splitting of the cells in 
the dural barrier cell layer, the innermost layer 
of the dura, not a potential space surrounded by 
epithelial tissue like the peritoneal and pleural 
cavities [19, 26]. When a hematoma was pro-
duced in experimental animals, the capsule sur-
rounding the hematoma was composed of cells 
very similar to the DBCs [38]. Thus, nowadays, 
it is common to mention that a natural space 
is not present at the dura–arachnoid junction. 
This space is thought to be a “created” space 
in the structure that is most vulnerable of the 
dura mater [19, 26]. This vulnerability comes 
from the fact that there is little tight junction 
between the cells here, and there are not many 
other intercellular junctions. There is no fiber 

Fig. 3.10  Denticulate ligaments. Both the dura and 
arachnoid maters are reflected. A series of denticu-
late ligaments are indicated by arrowheads on the left 
side. These ligaments pierce the dura mater at the apex 
(arrowheads on the right side). Consider that the liga-
ments are somewhat pulled laterally because of their 
connection to the dura mater
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3.8  The Ependyma

The ependyma is a simple cuboidal to columnar 
epithelium lining the lumen of the central nerv-
ous system (Fig. 3.12), that is, the central canal, 
ventricles, and cerebral aqueduct. Ependymal 
cells, also called ependymocytes, are glial cells. 
They are ciliated and bear some microvilli on 
their apical surface [40, 41]. Among ependymal 
cells are present tanycytes, a specialized form of 
classical ependymocytes [42], which have cyto-
plasmic processes to the underlying neuropils or 
sometimes to the vessels [43] (Fig. 3.12B).

Characteristically, tight junctions, which are 
one of the typical characteristics of the ordi-
nary epithelium, are hardly observed in the 
ependyma except for some areas such as cir-
cumventricular organs and the choroid plexuses 
[41]. That means that the ependyma functions 
as a selectively permeable sieve that permits 
CSF proteins to reach the extracellular space 
of the neural tissue. In addition, the basement 
membrane is not prominent. When stained with 

is continuous with the cranial subarachnoid space 
and ends inferiorly at the lower part of the S2 ver-
tebra. This space is filled with cerebrospinal fluid, 
and the main stems of the blood vessels lie in this 
space. The space is divided incompletely into 
ventral and dorsal compartments by the denticu-
late ligaments (Fig. 3.10), which laterally extend 
from the sides of the spinal cord [39].

Extension of the subarachnoid space into the 
dural sleeve is already described above (3.4. 
Coverings of the spinal nerve rootlets), in asso-
ciation with the subarachnoid angle or lateral 
recess. Also, the posterior midline septum and 
the intermediate leptomeningeal layer present in 
the subarachnoid space are described above (3.3. 
The arachnoid membrane). Fig. 3.12  The ependyma in the medulla oblongata (A) 

and spinal cord (B) (×400). Cells constitute a simple 
cuboidal epithelium. In B, the ependyma partially sepa-
rates from the underlying neuropil as an artifact, which 
exposes the cytoplasmic processes of the ependymal 
cells to the neuropil evidently (arrow)

Fig. 3.11  The pia mater was peeled off the surface of 
the spinal cord on the right side (arrows)
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ependyma would be covered by cytoplasmic 
processes of underlying astrocytes [47].
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Anatomical Compartment 
of Spinal Cord Tumors 
with Anatomical 
Classification
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Abstract
Spinal cord tumors are uncommon neoplasms 
that, without treatment, can cause significant 
neurologic morbidity and mortality. Spinal 
cord tumors can be divided into intraependy-
mal, intrapial extraependymal, pial, intraarch-
noidal extrapial, extraarachnoidal intradural, 
dural, and transcompartmental  based on 
anatomical compartment. In this chapter, 
we reviewed spinal cord tumors in terms of 
epidemiological, clinical, and radiographic 

characteristics. Surgical and adjuvant treat-
ment options are also reviewed.

Keywords
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classification · Intraependymal · Intrapial 
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4.1  Introduction

Spinal cord tumors (SCTs) are uncommon 
lesions and affect only a minority of the popula-
tion. However, these lesions can cause significant 
morbidity in terms of limb dysfunction and can 
be associated with mortality as well. SCTs are 
classified into three groups according to their 
anatomic location: intramedullary, intradural 
extramedullary, and extradural. Although this 
classification is somewhat of an oversimplifica-
tion, since lesions can reside in several compart-
ments, it is very useful in tumor characterization.

Intramedullary spinal cord tumors (IMSCTs) 
constitute 8%–10% of all primary spinal cord 
tumors composed of gliomas (80%–90%), of 
which 60%–70% are ependymomas, and 30%–
40% are astrocytomas [1]. Oligodendrogliomas, 
mixed gliomas, neuron-derived tumors, 
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lesions originating from the vertebrae. The most 
frequent extradural tumor is metastasis, while 
primary bone tumors are much less common. 
Concomitant intradural and extradural compo-
nents are associated with roughly 10% of SCTs.

In 2000, the World Health Organization (WHO) 
ratified a new comprehensive classification of 
neoplasms affecting the central nervous system. 
This tumor classification is based on the premise 
that each type of tumor results from the abnormal 
growth of a specific cell type. The new WHO clas-
sification also provides a parallel grading system 
for each type of tumor. We classified the SCTs 
based on anatomical compartment (Table 4.1). To 
the extent that the behavior of a tumor correlates 
with the basic cell type, tumor classification dic-
tates the choice of therapy and predicts prognosis. 

gangliogliomas, hemangioblastomas, lipomas, 
and developmental tumors are uncommon.

Extramedullary spinal cord tumors (EMSCTs) 
account for more than 70% of adult intradural 
spinal cord tumors and are uncommon in chil-
dren. The most common primary EMSCTs are 
derived from sheath cells covering the spinal 
nerve roots (schwannomas and neurofibromas) 
or meningeal cells located along the spinal cord 
surface (meningiomas). Myxopapillary epend-
ymomas are extramedullary tumors arising from 
the conus medullaris and filum terminalis. Other 
tumor types such as hemangiopericytomas, lipo-
mas, paragangliomas, epidermoid cysts, and der-
moid cysts are less common.

Extradural lesions are the most common 
(60% of all spinal tumors), with the majority of 

Table 4.1  Classification of spinal cord tumors
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Anatomic classification is particularly useful in this 
regard.

4.2  Intraependyma (Intracentral 
Canal) Tumors

4.2.1  Ependymoma

Intramedullary ependymomas represent almost 
40%–60% of adults with IMSCTs with a peak 
incidence in the fourth to the fifth decade of 
life, and there is a slight male predominance 
[2–4]. Most intramedullary ependymomas arise 
in the cervical or cervicothoracic region; 67% 
of tumors occur or expand into this area [5, 6]. 
Ependymomas of the cord are solitary tumors 
arising from the ependymal lining of the central 
canal, causing a diffuse enlargement of the cord 
over multiple levels and related to syrinx in about 
50% of the cases. Spinal cord ependymomas tend 
to infiltrate the adjacent neural tissue and have 
delicate capsules that form a cleavage plane that 
separates the tumor from the spinal cord.

MRI shows a lesion hypointense on 
T1-weighted images and hyperintense on 
T2-weighted images [7]. Intramedullary epend-
ymomas homogeneously enhance with contrast 
[7]. Sometimes dark caps are seen, especially on 
T2WI, rostral and caudal of the tumor represent-
ing hemosiderin deposits.

Although not encapsulated, intramedul-
lary ependymomas often show a distinct plane 
between the tumor and the adjacent spinal cord, 
despite the frequent association with cysts, syr-
inxes, and hemorrhage. Intramedullary epend-
ymomas are mostly well-circumscribed tumors, 
which help with total surgical resection in 70%–
100% of cases [8–11]. Tumor recurrence after 
gross total resection is less than 10% but can 
be delayed by the slow growth rate of epend-
ymomas. With subtotal resection, tumor recur-
rence is seen in 50%–70% of cases [10, 11]. The 
extent of surgical resection was the only statis-
tically significant factor in the aspect of disease 
progression [11]. Therefore, the prognosis for 
patients with intramedullary ependymomas is  
dependent on the extent of surgical resection. 

Postoperative radiation treatment remains con-
troversial but could increase tumor-free survival 
rates of adult patients with  high-grade or sub-
totally resected tumors [11–13]. Additionally, 
prior adjuvant radiotherapy might make sub-
sequent surgical interventions more difficult 
and heighten postoperative neurological mor-
bidity. Although there are little data to sup-
port the use of chemotherapy in the treatment 
of ependymoma, the high incidence of these 
tumors in children makes it an important option 
for therapeutic development. Chemotherapy 
has been studied in most cases of recurrent 
intracranial ependymoma and has shown some 
effect. However, its role in IMSCT has not been 
clarified yet [14]. The 5-year survival rates for 
 low-grade intramedullary ependymomas range 
between 83 and 100% but decline rapidly with 
higher grade ependymomas [10, 12, 15, 16].

Preoperative functional status was the sig-
nificant prognostic factors influencing the post-
operative outcome, and the extent of surgical 
resection was the only statistically significant 
factor in the aspect of disease progression.

4.3  Intrapial Extraependymal 
Tumors

4.3.1  Astrocytoma

Astrocytomas account for 80%–90% of IMSCTs 
in childhood and roughly 60% of IMSCTs in 
adolescence [4, 8, 17–20]. In adults, intramed-
ullary astrocytomas make up almost 25% of all 
IMSCTs [4]. Astrocytomas have a peak incidence 
in the third decade of life but are not as com-
mon as intramedullary ependymomas in this age 
group. The distribution of sex in patients is fairly 
even. The tumors occur in the cervical lesion 
in about 60% of patients [8, 17]. At the time of 
diagnosis, astrocytomas have usually extended 
to multiple bone levels and 30%–60% of tumors 
are associated with rostral, caudal, or intratu-
moral cysts [7, 17]. Elongated cysts extending 
several levels from the tumor location represent 
syringomyelia. Astrocytomas have an affinity to 
white matter tracts, which topographically are 
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Gross total resection rates range between 30 and 
70% [3, 17, 18]. Intramedullary fibrillary astro-
cytomas have a high recurrence rate, ranging 
from 25% in low-grade tumors to almost 100% 
in high-grade tumors [2, 17]. A previous study 
has shown that 47.6% of patients with primary 
spinal cord astrocytomas recurred, all of whom 
had originally undergone STR [24]. When recur-
rence of astrocytoma occurs, radiotherapy is the 
next treatment [25]. However, the radiotherapy 
for astrocytomas, especially  low-grade astro-
cytomas, is generally controversial because 
they affect children and adolescents in gen-
eral. The study of chemotherapeutic agents for 
astrocytomas is very limited, and further stud-
ies are warranted. In low-grade intramedullary 
astrocytomas, 5-year survival rates range from 
80 to 100% [18]. Patients with intramedullary 
anaplastic astrocytomas or glioblastoma mul-
tiformes have an average life expectancy of 
15 months [17, 18, 26]. Another study reported 
that the histological grade was the most sig-
nificant predictor of survival in patients with 
astrocytoma of the spinal cord (184 months vs. 
8 months, low- and high-grade astrocytoma, 
respectively) [27]. Neither the extent of resec-
tion nor radiation influenced the survival rate.

4.3.2  Subependymoma

Subependymomas of the spinalcord are rare 
representations of IMSCTs. These are benign, 
noninvasive, slow-growing spinal cord tumors. 
These tumors have a higher incidence in men 
and typically present in the fourth or fifth decade 
of life [28]. Intramedullary subependymomas 
are most commonly located in the cervical cord, 
although involvement of the thoracic cord has 
been reported [29].

On MRI, intramedullary subependymo-
mas have characteristics similar to ependymo-
mas, showing spinal cord enlargement with a 
hypointense signal on T1-weighted images and a 
hyperintense signal on T2-weighted images with 
heterogeneous enhancement [28, 30].

Treatment for intramedullary subependymo-
mas is directed at total gross resection whenever 

peripheral in the spinal cord. Thus, the asymmet-
ric presentation is characteristic of these tumors. 
Statistically, about 85%–90% of astrocytomas 
are low grade (either fibrillary or pilocytic), and 
10%–15% are a high grade (mostly anaplastic). 
Glioblastoma multiforme occurs in 0.2%–1.5% 
of all cord astrocytomas [21, 22].

MRI of low-grade astrocytomas reveals an 
enlarged homogeneous mass with a hypointense 
to isointense signal on T1-weighted images and 
a hyperintense signal on T2-weighted images [7]. 
There is little to no surrounding edema or hem-
orrhage with low-grade astrocytomas. Unlike 
most intracranial low-grade astrocytomas, spinal 
astrocytomas are enhanced with gadolinium [23]. 
The enhancement patterns are usually mild to 
moderate and patchy. However, the frequency of 
non-enhancing spinal cord astrocytoma is 18% 
[5, 6]. Similar to ependymomas, astrocytomas 
exhibit heterogeneous enhancement with con-
trast, making it difficult to distinguish between 
ependymomas and astrocytomas by MRI alone. 
For this reason, biopsy and histology can be con-
sidered the best way to distinguish astrocytomas 
from ependymomas and plan treatment options. 
Pilocytic astrocytomas can be well delineated 
and tend to displace rather than infiltrate the 
cord. However, fibrillary astrocytomas are poorly 
defined with irregular tumor margins and show 
widespread parenchymal infiltration and vari-
able degrees of nuclear atypia and increased cel-
lularity. Pilocytic astrocytomas typically contain 
Rosenthal fibers. On MRI, high-grade tumors 
often show heterogeneous enhancement due to 
the presence of intratumoral cysts, necrosis, and 
surrounding edema [23].

Treatment of intramedullary astrocytomas is 
directed at total surgical resection; however, less 
extensive surgical intervention could be consid-
ered with higher grade, more infiltrative tumors 
to avoid pronounced postsurgical morbidity. 
Gross total resection of pilocytic astrocytomas 
is achievable in many instances, as these tumors 
are often well circumscribed. However, because 
of the infiltrative nature of even low-grade 
fibrillary astrocytomas, gross total resection of 
these tumors is difficult with risking periopera-
tive and postoperative morbidity and mortality. 
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vertebral bodies in intramedullary astrocytomas 
and ependymomas [34].

Approximately 85% of these tumors show 
mixed signal intensity on the T1-weighted 
images [34]. They tend to be high signal inten-
sity on T2-weighted images, although approxi-
mately 40% of them are heterogeneous on T2 
as well as on contrast-enhanced images [32, 35]. 
The enhancement pattern is mostly patchy with 
pial surface enhancement. Approximately 20% 
of these tumors show focal enhancement and 
15% of them are nonenhancing [34]. Vasogenic 
edema is rare and occurs only in less than 10% 
of tumors [34]. Tumoral cysts are seen in about 
40% of patients [34]. Preoperative fluorode-
oxyglucose positron emission tomography 
 (FDG-PET) or a thallium-201 single-photon 
emission CT (201Tl-SPECT) scan may help dis-
tinguish a high-grade anaplastic ganglioglioma 
from a benign tumor [36].

Treatment of intramedullary gangliogliomas 
is directed at gross total tumor resection, which 
can be achieved in 80%–90% of cases, and 
tumor recurrence after resection ranges from 30 
to 47% [33, 37, 38]. Adjuvant radiotherapy and 
chemotherapy with temozolomide are usually 
reserved for high-grade anaplastic tumors [39]. 
The 5-year survival rate is close to 90%, but the 
10-year survival rate is about 80% [33, 40].

4.3.4  Oligodendroglioma

Intramedullary oligodendrogliomas represent 
a small percentage of spinal cord tumors and 
fewer than 2% of CNS oligodendrogliomas [41, 
42]. These tumors have the highest incidence in 
the second or third decade of life with a slight 
male predominance. Intramedullary oligoden-
drogliomas are most often located at the thoracic 
levels [43].

Radiographically, intramedullary oligoden-
drogliomas present as an irregular mass with 
associated spinal cord enlargement and possible 
syrinx. MRI shows a lesion with an isointense 
signal on T1-weighted images and a hyper-
intense signal on T2-weighted images with 

possible. Because an intramedullary subepend-
ymoma is a benign and indolent WHO grade I 
tumor, gross total resection is not always neces-
sary. Thus, a preoperative differential diagnosis 
of intramedullary subependymomas, especially 
from an ependymoma is important when devis-
ing an optimal surgical plan. Frequently, 
intramedullary subependymomas are eccen-
trically located in the spinal cord, which can 
help differentiate these tumors from the more 
centrally located ependymomas on a surgical 
basis [28, 30]. In a previous study, gross total 
resection of the tumor was performed in 50.0% 
(5 of 10 patients), whereas subtotal or partial 
resection was achieved in 50% (the other five 
patients) due to a poor dissection plane [31]. 
Among them, adjuvant radiotherapy was per-
formed in two patients. No tumor recurrence 
or regrowth was observed during the mean 
follow-up period of 31.5 months. Considering 
the benign nature of subependymomas, subto-
tal removal without the risk of any neurological 
deficit can be a viable alternative.

4.3.3  Ganglioglioma

These tumors consist of ganglion cells as well 
as neoplastic glial elements. They account for 
approximately 1% of intramedullary spinal 
cord tumors [32]. They occur predominantly 
in the pediatric age group, with three-fourths 
of the patient’s being younger than 16 years 
of age at the time of diagnosis [33]. There is a 
male dominance with a sex ratio of 1.7:1 [33]. 
Intramedullary gangliogliomas are located pre-
dominately at cervicothoracic or thoracic levels 
and can span multiple vertebral segments [33]. 
There could be a mild sex bias for men. In a 
large case series, the cervicothoracic segment 
was most commonly involved in about 37.5%, 
thoracic in 28.5%, cervicomedullary in 14.0%, 
cervical in 12.5%, and conus in 7.0% of patients 
with intramedullary spinal ganglioglioma [33]. 
These tumors favor eccentric locations [34]. 
They extend beyond an average of eight verte-
bral bodies compared with approximately four 
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surface of the spinal cord [52]. Most of the 
hemangioblastomas occur in the dorsal portion 
of the spinal cord. Thus, symptoms are usually 
sensory, especially slowly progressive proprio-
ception deficits. There may be other long-tract 
signs and radicular symptoms. Rarely, subarach-
noid or intramedullary hemorrhage can occur.

Grossly, they are well demarcated with a 
capsule and have characteristic abnormally 
dilated tortuous vessels on the surface [53]. On 
MRI, intramedullary hemangioblastomas often 
appear as cysts with enhancing mural nodules. 
Associated syringobulbia and syringomyelia 
are common. These tumors are isointense on 
T1-weighted images and hyperintense on T2 
weighted images [54]. Contrast enhancement is 
usually homogenous and well demarcated, with 
superficial heterogeneous enhancement within 
the flow voids [7]. Feeding arteries and drain-
ing veins can also be visible with contrasted 
MRI. Because of the presence of dilated vessels, 
these tumors are often mistaken for a vascular 
malformation. The presence of a syrinx, which 
is uncommon in vascular malformations but 
appears in 30%–60% of patients with a heman-
gioblastoma, may help to distinguish between 
these two [53–55]. A spinal cyst with an enhanc-
ing mural nodule and a nonenhancing cyst rim 
is another characteristic of a hemangioblastoma. 
The cysts associated with the tumors tend to 
grow faster than the tumor itself. The sympto-
matic mass effect is predominantly caused by 
the cysts. The tumor alternates between a growth 
phase and a quiescent phase with no growth. 
Thus, the tumors may remain at the same size 
for several years in a quiescent phase [56]. For 
this reason, follow-up monitoring with serial 
imaging at regular intervals is recommended.

Surgical resection is the primary treat-
ment because there are often well-defined mar-
gins that allow for complete resection and thus 
the potential to achieve long-term local cure 
[51, 52, 57]. In a previous study, gross total 
removal (GTR) was achieved in 76.9% (10 of 
13 patients) [58]. All patients who underwent 
GTR showed clinical improvements. The statis-
tical analysis showed that GTR produced a sig-
nificantly better outcome than subtotal resection. 

heterogeneous enhancement [41]. As in the 
brain, bleeding and calcification are relatively 
common [42, 43].

Total surgical resection of intramedullary 
oligodendrogliomas is difficult as a result of 
their frequent infiltration of surrounding neu-
ral tissue. Additionally, these tumors frequently 
manifest leptomeningeal metastasis, which com-
plicates management and worsens overall prog-
nosis [44]. It is unclear whether chemotherapy 
adds any benefit. Also adjuvant radiotherapy 
has remained controversial. In a case report, a 
patient with WHO grade II spinal cord oligo-
dendroglioma who underwent subtotal tumor 
removal and adjuvant radiotherapy showed good 
functional outcome and disease control [45]. 
Subtotal removal with adjuvant radiotherapy 
could be an acceptable treatment option for 
WHO grade II spinal cord oligodendrogliomas.

4.4  Pial Tumors

4.4.1  Hemangioblastoma

Hemangioblastomas of the spinal cord are pre-
dominantly intramedullary, although these 
tumors can be extramedullary and extradural. 
Intramedullary hemangioblastomas represent 
about 4% of spinal tumors [46]. The origin 
cells are uncertain but likely vascular endothe-
lial growth factor (VEGF)-secreting cells of 
undifferentiated mesenchymal origin [47, 48]. 
They occur sporadically in about 75%, and the 
remaining 25% are associated with von Hippel–
Lindau disease [49]. Mutations in the short arm 
of chromosome 3p25 are seen in patients with 
von Hippel–Lindau disease (VHL) with heman-
gioblastomas [50]. Sporadic intramedullary 
hemangioblastomas have a peak incidence in the 
third or fourth decade of life, and men are more 
prevalent than women. Hemangioblastomas 
associated with this syndrome occurs at a 
younger age than sporadic cases of heman-
gioblastoma [51]. Most are solitary tumors, 
although multiple lesions are not uncommon 
[51]. Cervical and thoracic segments are usually 
involved with a predilection for the dorsolateral 
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Nerve-sheath tumors are generally consid-
ered as benign tumors but can be malignant 
in a few cases, where they have designated 
the term malignant peripheral nerve-sheath 
tumors (MPNSTs). Although more than 50% 
of MPNSTs are associated with neurofibroma-
tosis type I, only a small percentage of patients 
with this disease have malignant neoplasms. 
Anatomically, schwannomas tend to occur in 
the dorsal nerve root, while neurofibromas 
occur more commonly in the ventral root. In 
addition to this difference, schwannomas and 
neurofibromas cannot be distinguished from 
MRI. An understanding of the anatomy and 
growth pattern of these tumors is essential for 
successful removal of large ventral IDEM spi-
nal cord tumors. Large ventral IDEM spinal 
cord tumors can be removed entirely using a 
posterior approach and conventional laminec-
tomy. In a previous study, there were 11 cases 
of schwannomas and 7 of meningiomas [64]. 
Complete resection of the tumor was possible in 
94.4% (17 cases). There were no cases of recur-
rence. The one residual tumor was stable for 
62 months.

Nerve-sheath tumors have an isointense sig-
nal on T1-weighted images and a hyperintense 
signal on T2-weighted images. Gadolinium adds 
a variety of enhancement, from homogeneous to 
peripheral ring-like enhancement [7]. Although 
an irregular enhancement pattern is associated 
with malignant tumors, differentiation from 
benign entities is unreliable with radiographic 
methods.

The primary treatment of nerve-sheath 
tumors is directed at total surgical resection, 
which is obtainable in most cases. Subtotal 
resection of these tumors can be an option when 
the tumor is attached to the spinal cord or when 
the tumor shows an extradural component that 
is closely associated with vital structures, such 
as the vertebral artery in the cervical spine [63]. 
The ventral or dorsal roots are usually sacri-
ficed to obtain total resection. However, resec-
tion of the nerve root is not usually associated 
with postoperative motor or sensory deficit [63]. 
Because schwannomas arise from dorsal nerve 
roots and are less invasive than neurofibromas, 

In patients with multiple hemangioblastomas 
of the spinal cord, tumor resection should be 
directed at the symptomatic neoplasm. When 
intramedullary hemangioblastomas are part of 
a systemic presentation of von Hippel–Lindau 
syndrome, tumor resection should be considered 
on a case-by-case basis. There has been growing 
interest in the use of the VEGF inhibitor, beva-
cizumab, which have demonstrated clinical and 
radiographic response [59, 60]. The prognosis is 
usually excellent, although the tumor recurrence 
is common in patients with von Hippel–Lindau 
disease [61].

4.5  Intraarachnoidal Extrapial 
Tumors

4.5.1  Nerve-Sheath Tumors

Schwannomas are more common than neurofi-
bromas and usually present as solitary tumors. 
Occasionally, multiple spinal schwannomas 
are seen with schwannomatosis or neurofi-
bromatosis type II. Neurofibromas are often 
multiplicative when associated with neurofi-
bromatosis type I. Schwannomas and neurofi-
bromas account for up to a third of intradural 
spinal cord tumors in the adult population but 
are less common in children. The peak incidence 
of nerve-sheath tumors is in the fourth to fifth 
decade of life, and there is an equal incidence 
in both men and women. About 60%–80% of 
 nerve-sheath tumors arise from nerve roots 
before leaving the dural sac. A further 10% 
arise as the nerve root leaves the dural sac and 
becomes surrounded by the dural-root sleeve. 
These tumors, therefore, display both intradural 
and extradural components (dumbbell tumor). 
Nerve-sheath tumors that are entirely extradural 
or intramedullary are less common. Although 
intradural nerve-sheath tumors are most com-
mon in the lumbosacral region, cervical and 
thoracic tumors have also been reported [62]. 
Intradural nerve-sheath tumors may be more 
common in the lumbosacral region due to the 
longer intradural segment of the caudal spinal 
nerve roots in the neuraxis [63].
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the tumor. In an attempt to keep to a minimum 
postoperative neurological morbidity, subtotal 
resection is not uncommon. Focal fractionalized 
radiotherapy seems to be effective in improving 
neurological outcome and reducing tumor recur-
rence after subtotal tumor removal or piecemeal 
total removal [66]. Recurrence after total resec-
tion is generally rare, but the outcome is poor 
[67]. These tumors can seed the spinal subarach-
noid space, in which case wider field radiation is 
used, but this is rare. Although chemotherapy is 
sometimes started for recurrent or disseminated 
myxopapillary ependymomas, the results are not 
convincing.

4.5.3  Paraganglioma

Paragangliomas are derived from autonomic-
nervous-system paraganglion cells and areun-
common in the CNS. Spinal paragangliomas are 
generally nonsecreting, sympathetic neoplasms, 
which tend to occur in the fourth to fifth decade 
of life and show a male predominance [68]. The 
most frequent intradural location for paragan-
gliomas is the cauda equina and lumbar spine 
regions [69, 70].

Paragangliomas show hypointense or isoin-
tense signal on T1-weighted images, which are 
relatively well delineated round, ovoid or lobu-
lated masses with prominent flow voids. On 
T2-weighted images, there is isointensity to 
hyperintensity with hemosiderin rim as well as 
tumoral cyst formation [71]. Paragangliomas are 
characteristically hypervascular, and gadolinium 
contrast administration produces a heteroge-
neous salt and pepper pattern of enhancement 
[72]. Paragangliomas rarely occur in the cauda 
equina. In a previous study, four cases of para-
ganglioma of the cauda equina were misdiag-
nosed as neurinoma preoperatively [73]. On 
MRI, they were well demarcated, heterogene-
ously enhancing masses with a hypointense 
tumor margin, intratumoral hemorrhagic or 
cystic changes, intratumoral focal low signal 
intensity, and peritumoral loculated CSF spaces.

Intradural paragangliomas are mainly benign 
neoplasms, and gross total surgical resection is 

surgical resection less often results in pro-
nounced motor deficits than does a resection of 
neurofibromas. Postoperative morbidity can be 
affected by the spinal location of nerve-sheath 
tumors, with cervical and thoracic lesions pre-
dicting worse neurological outcomes than more 
caudal sites [62]. Radiotherapy or chemotherapy 
is usually reserved for tumors with malignant 
histological characteristics. Tumor recurrence is 
less than 5% and may be highly associated with 
subtotal tumor removal [62].

4.5.2  Myxopapillary Ependymoma

Myxopapillary ependymomas are the most com-
mon subtype of ependymomas. Myxopapillary 
ependymomas account for roughly 40%–50% 
of spinal ependymomas and are more common 
in the adult population than in children [65]. 
Myxopapillary ependymoma is almost exclu-
sively seen in the conus medullaris and the filum 
terminale (95%). More than half of all tumors 
of the filum terminale and conus medullaris are 
myxopapillary ependymomas. This variant is 
distinguished from other ependymomas by the 
mucinous changes undergone by the tumor cells. 
Patients normally present with a long history 
of radicular pain, lower extremity sensorimotor 
deficit, and sphincter dysfunction.

They usually span two to four vertebral 
segments and fill the lumbosacral thecal sac. 
There may be vertebral body scalloping as 
well as intravertebral foraminal widening. 
Myxopapillary ependymomas are typically 
benign, well-circumscribed tumors. MRI reveals 
a circumscribed mass with the hypointense 
signal on T1-weighted images and hyperin-
tense signal on T2-weighted images. Contrast 
enhancement with gadolinium is usually homo-
geneous. On T1- and T2-weighted images, they 
sometimes may be hyperintense due to the accu-
mulation of mucin. On T2-weighted images, 
they may be hypointense because the tumor 
margin is consistent with hemosiderin.

Total surgical resection of myxopapillary 
ependymomas is possible if the nerve roots 
in the cauda equina are not entrapped within 
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of dermoid and epidermoid cysts are preferred 
when possible, but adhesion to neural tissue can 
prevent aggressive surgery. If subtotal resec-
tion is performed, it is better to empty the cystic 
contents and remove the capsule. Dissemination 
of the cystic contents spontaneously or during 
tumor removal can cause granulomatous menin-
gitis, which can be treated with corticosteroids 
[82]. Recurrence of resected intradural dermoid 
and epidermoid cysts is uncommon, and malig-
nant tumors are rare. Adjuvant radiotherapy or 
chemotherapy for nonoperative or malignant 
cases has not yet been fully studied.

4.6  Extraarachnoidal Intradural 
Tumors

4.6.1  Meningioma

Meningiomas are dural-based tumors that arise 
from arachnoid cap cells and consequently can 
be found at any location that dura is present. 
Spinal meningiomas account for up to 46% of 
spinal tumors and are more common intradural 
than extradural [83]. A small percentage of spi-
nal meningiomas are located extradural, and 
extension of these tumors into the intradural 
compartment is common. In general, 80% of 
meningiomas are found in the thoracic region, 
15% are cervical, and 5% are lumbosacral. The 
peak incidence for spinal meningiomas is in the 
fifth and sixth decades. About 70% is found in 
females. Intradural meningiomas are mostly 
located lateral or posterior to the spinal cord, 
with the anterior location being less frequent 
[83, 84]. Intradural meningiomas are usually 
solitary lesions, but multiple tumors can occur 
when these tumors are associated with neurofi-
bromatosis type II.

On MRI, spinal meningiomas have a hypoin-
tense to isointense signal on T1-weighted 
images and a hyperintense signal on 
T2-weighted images. The addition of gado-
linium contrast gives strong homogeneous 
enhancement. Calcifications are frequent and 
could preclude gadolinium enhancement [7]. 

the preferred treatment.  Catecholamine-secreting 
spinal paragangliomas are rare, but preopera-
tive screening for a hyperadrenergic condition is 
necessary to prevent hypertensive crisis during 
tumor removal. The recurrence rate after total 
or subtotal resection of intradural paraganglio-
mas is less than 5% and is not reduced by con-
current radiotherapy or chemotherapy. Although 
iodine-131 labeled mIBG (131I-mIBG) may 
slow progression and improve remission rate for 
metastatic paragangliomas, efficacy in primary 
intradural paragangliomas has not been demon-
strated [74].

4.5.4  Dermoid and Epidermoid Cysts

Spinal dermoid cyst and epidermoid cyst are 
a relatively rare benign tumor. Spinal dermoid 
cyst accounts for less than 1% of spinal cord 
tumors in adult patients and fewer than 3% in 
pediatric patients [75]. Most of the spinal der-
moid cysts are congenital neoplasms arising 
from heterotopic ectodermal-cell implanta-
tion into the neural tube in the early embryonic 
development. Some are acquired after lumbar 
puncture and other lumbar medical manipula-
tions [76, 77]. These tumors most commonly 
affect the lumbosacral region, with rare reports 
of thoracic involvement [78]. Dermoid and epi-
dermoid cysts are usually diagnosed in the first 
two decades of life, with dermoid cysts present-
ing earlier than epidermoid cysts [79].

On gross appearance, dermoid cysts can be 
differentiated from epidermoid cysts by the 
appearance of skin appendages such as hair 
follicles; however, the distinction between 
these tumors is often difficult by imaging. 
Both intradural dermoid and epidermoid cysts 
have variable MRI appearance, with hypoin-
tense to hyperintense signal on T1-weighted 
images and isointense to hyperintense signal on 
T2-weighted images. There is usually minimum 
enhancement with gadolinium.

The epidermoid cyst is a slow-growing 
benign tumor, but there is also a possibility of 
malignant tumors [80, 81]. Gross total resection 
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4.8  Transcompartmental

4.8.1  Lipoma

Lipomas are congenital, benign transcompart-
mental tumors. The incidence of lipoma is 
1%–11% of spinal tumors [3]. Spinal lipomas 
are one of the most common spinal developmen-
tal anomalies encountered in pediatric neurosur-
gery and represent a group of disorders known 
as occult spinal dysraphism, which is often 
associated with “pathologic” spina bifida [88]. 
The embryonic background of spinal lipomas 
is marked by a premature disjunction between 
the neural and cutaneous ectoderm during the 
process of primary neurulation [89]. Failed pri-
mary neurulation allows invasion of mesenchy-
mal tissue of mesodermic origin into the neural 
structure, leading to the formation of a spinal 
lipoma. Intradural extramedullary lipomas are 
usually located in the lower thoracic and lum-
bosacral levels. A tethered-cord syndrome pre-
sent at birth or develop during infancy can be 
encountered with lipomas of the cauda equina. 
This syndrome consists of sensorimotor deficits, 
pain, skeletal deformities, and sphincter dys-
function and is less common in adults with lum-
bosacral lipomas [90]. When unrelated to spinal 
dysraphism, displacement of the spinal cord by 
lipomas can cause the early manifestation of 
symptoms.

MRI is the diagnostic study of choice for 
spinal lipomas, because of the characteristic 
hyperintense image produced by T1-weighted 
imaging and the relatively lower intensity on 
T2-weighted imaging and because of the char-
acteristic imaging on fat-suppression sequences 
(e.g., T1 short tau inversion recovery). They are 
nonenhancing on postcontrast MRI.

Decompressive surgical resection is recom-
mended for symptomatic intradural lipomas. 
Lack of cleavage plane and the intermingling 
of neural and fibrofatty tissue at the periph-
ery of the tumor makes removal of the entire 
tumor extremely difficult. Surgical resection 
of symptomatic intramedullary lipomas aimed 
at the tumor debulking rather than gross total 

These tumors are usually solitary and have a 
broad attachment to the dura. They are well cir-
cumscribed and delineated from the spinal cord.

Most intradural meningiomas are noninva-
sive benign tumors that help in gross total resec-
tion of the tumor. Despite the technical problem 
of anterior locations, total surgical resection of 
meningiomas is possible in more than 90% of 
patients [85]. The tumor recurrence rate with 
total or subtotal resection is between 3 and 7% 
[83–85]. Atypical and anaplastic spinal menin-
giomas have a higher tumor recurrence rate and 
rarely metastasize. For patients with incomplete 
resection or recurrence, conventional external 
beam fractionated radiotherapy or stereotactic 
radiosurgery is used [84, 86].

4.7  Dural Tumors

4.7.1  Solitary Fibrous Tumor

A solitary fibrous tumor (SFT) is a rare tumor 
of the central nervous system. Up to date, about 
78 cases of SFT have been reported [87]. Most 
of these cases occurred in adults (94.8% in 
patients older than 21 years, mean 51.5 years). 
There is a slight male predominance (56.4% 
male vs. 43.6% female). Although SFT has 
been reported in all parts of the spinal column, 
the thoracic region (42.1%) is the most frequent 
site involved, followed by the cervical region 
(27.6%) and lumbar region (13.2%).

Most of the lesions were either hypointense 
or isointense on T1- and T2-weighted imag-
ing. On contrast-enhanced MRI, they usually 
enhance homogeneously.

Gross-total resection (GTR) was achieved in 
82.7% of patients, and subtotal resection (STR) 
was performed in 17.3%. Of 46 patients treated 
with GTR, 41 (89.1%) had no recurrence at a 
median of 1.2 years of follow-up. Four patients 
had a local recurrence. Another patient devel-
oped a local spinal recurrence (malignant trans-
formation) and recurrent pulmonary and hepatic 
metastases. The beneficial role of postoperative 
radiotherapy in SFT has not yet been proven.
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resection. Intraoperative electrophysiologi-
cal stimulation with evoked EMG monitoring 
is often used to distinguish functional spinal 
cord from the mass. When unassociated with a 
tethered cord, prophylactic resection of asymp-
tomatic lipomas of the filum terminalis can 
prevent subsequent neurological decline [91]. 
Congenital lipomas can impede the normal 
development of the surrounding neural tissue, 
and, therefore, postsurgical improvement is 
often absent [92].

4.9  Conclusion

Spinal tumors are relatively rare and affect only 
a minority of the population. Because they may 
cause significant morbidity in terms of pain and 
limb dysfunction and are associated with mortal-
ity as well, their correct diagnosis and prompt 
treatment can be very important. Primary treat-
ment of primary spinal cord tumors is surgical 
resection, and predictors of outcome include 
preoperative functional status (limited to no neu-
rologic deficit predicts for better outcome), the 
histologic grade of the tumor (lower grade pre-
dicts for improved survival), and extent of surgi-
cal resection (image-verified complete resection 
improves survival).
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How to Approach 
Anatomical 
Compartment; Extradural 
Nerve Plexus Tumor
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Abstract
Although extradural nerve plexus tumors in 
brachial and lumbosacral plexuses are rare, the 
removal of the tumors should be considered. 
The surgical strategy requires not only the ana-
tomical understanding but also the appropriate 
surgical approach according to tumor charac-
teristics. In the present chapter, we describe the 

general concepts for the tumors and show the 
way how to surgically approach the tumors.

Keywords
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Schwannoma

5.1  Introduction

Thirty-one pairs of spinal nerves are formed by 
convergence of dorsal and ventral roots within 
the intervertebral foramen. Then, each spinal 
nerve divides into a dorsal and ventral rami. 
The ventral rami, except T2–T12, form inter-
lacing nerve networks called plexuses, which 
include the cervical, brachial, and lumbosa-
cral plexus [1]. The peripheral nerve, consist-
ing of the plexus, is composed of motor and 
sensory neurons in the spinal canal and axons, 
which signal with a distant target organ [2]. 
The axons are surrounded by thin collagen fib-
ers forming an endoneurium and are sorted into 
fascicles separated by a discrete connective tis-
sue sheath known as the perineurium. There is 
internal epineurium between these fascicles and 
a connective tissue sheath, external epineurium 
encompasses all the fascicles that group together 
to form a single nerve (Fig. 5.1).
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are known as neurogenic sarcomas including 
malignant schwannomas and neurofibrosarco-
mas [10]. These lesions are rapidly growing, 
firm, and fixed; patients with malignant PNST 
may present with rapidly progressive loss of 
function or severe pain [10]. Most common 
presenting symptom in nerve sheath tumors 
was generally palpable mass, pain, followed 
by sensory change [3].

Although MR imaging is unable to differenti-
ate between schwannoma and neurofibroma, the 
MRI has become a critical tool in making a pre-
sumptive diagnosis and in surgical planning of 
nerve sheath tumors [11]. Typical MRI findings 
of benign PNSTs are a well-defined oval mass 
with the long axis in line with the nerve of ori-
gin, homogeneous intermediate signal intensity 
(SI) on T1-weighted images and hyperintense 
on T2-weighted images with inhomogeneous 
central low SI (Fig. 5.2a). Also, the mass is of 
strong enhancement following contrast adminis-
tration (Fig. 5.2b).

Primary tumors of the brachial and lum-
bosacral plexuses are rare [3, 4]. The tumors 
can be divided into two groups such as 
peripheral neural sheath tumors (PNSTs) 
and peripheral nonneural sheath tumors 
(PNNSTs), each of which could be benign or 
malignant [5]. PNNSTs are rarer than PNSTs 
[6, 7]. PNSTs including schwannomas and 
neurofibromas are the most common tumors 
arising from peripheral nerve and rarely affect 
brachial and lumbosacral plexuses [3]. Most 
publications on brachial and lumbosacral 
plexus tumors are case reports or small series 
of patients [3, 4, 7, 8]. Schwannomas are 
thought to arise from an intraneural Schwann 
cell and neurofibromas are heterogeneous 
tumors that arise from the connective tissue 
of peripheral nerve sheaths [9, 10]. PNSTs 
present as a local slowly growing mass and 
manifest clinically with symptoms of nerve 
compression [3, 4]. Malignant PNSTs affect 
only 0.001% of the general population and 

Blood vessels

Endoneurium

Schwann cell

Myelinated axon

Perineurium
(around one
fascicle)

Epineurium
covering

peripheral nerve

Fascicle

Fig. 5.1  Peripheral nerve anatomy
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Because the normal anatomical locations of 
neurovascular structures around these lesions 
may be changed, tumor removal may cause 
neurological deficit. Therefore, the planning 
of surgical approach may be changed accord-
ing to the origin, characteristics, extension, and 
pathology. PNST can be completely resected 
for relatively small and medium-size tumors 
and that kinds of gross total resection can be 
expected good postoperative outcome and prog-
nosis. However, wide local resection of the 
tumor and adjacent soft tissues in malignant 
PNST is unavoidable, followed by radio and 
chemotherapy [10].

We describe the surgical steps in the removal 
of PNSTs and illustrate our cases of PNSTs 

arising from brachial and lumbar plexuses as 
follows.

5.1.1  Strategy of Surgical Treatment

Schwannomas tend to displace the surround-
ing fascicles, whereas neurofibromas involve 
the nerve [12]. Therefore, the schwannoma can 
be resected with sparing the involved nerve, 
whereas the underlying nerve is sacrificed in the 
removal of the neurofibroma (Fig. 5.3). Surgical 
steps are introduced as follows:

1. The longitudinal incision on skin usually is 
more advantageous than a short or transverse 
incision. Surrounding neurovascular structures 
should be mobilized and preserved. The neural 
structures should be identified and protected.

2. The proximal and distal poles of tumor and 
tumor are isolated followed by direct dissec-
tion of tumor. Because the intraneural mass 
usually spans between fascicles, the longitu-
dinal epineurotomy should be made to devoid 
of fascicles in the spanned area by Fig. 5.4a. 
Nerve action potential (NAP) monitoring 
may help identify the safe zones between fas-
cicles (Fig. 5.5).

3. In schwannomas, there are mostly one or two 
entering and exiting fascicles into the tumor. 
Therefore, the proximal and distal poles of 
mass should be identified. In dissection of 
tumor, the NAP recording can provide infor-
mation for the functional or non-functional 
traversing fascicles across the tumor capsule 
and non-functional fascicles entering and 
exiting the tumor (Fig. 5.4b). The tumor is 
then removed en bloc after the sectioning of 
proximal and distal exiting fascicle into the 
tumor (Fig. 5.4c).

5.1.2  Case Reviews

Case 1. Schwannoma in brachial plexus (Video 1).

a

b

Fig. 5.2  MRI imaging of schwannoma arising from the 
left brachial plexus. a Coronal MRI imaging showing 
schwannoma arising from the left brachial plexus. A) T2 
image shows well-delineated, inhomogeneous hyperin-
tense mass. b Following gadolinium administration, the 
tumor shows inhomogeneous enhancement
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showed an ovoid mass along brachial plexus 
(Fig. 5.1). The patient underwent brachial plexus 
tumor removal. The thinned epineurium was 
opened between fascicles and the tumor was 

A 39-year-old female patient complained of 
mass in left axillary area. The patient also com-
plained of pain for the palpable mass on left 
axillary area. Magnetic resonance (MR) images 

a

b

Fig. 5.3  Illustration of schwannoma and neurofibroma 
appearance a Schwannoma appearance with cross-sec-
tional view. Unaffected normal fascles are displaced by 

tumor mass. b Neurofibroma appearance with cross-sec-
tional view. All fascicles are affected and intermingled 
within the mass
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a

b

c

Fig. 5.4  Illustration of surgical steps for removal of 
benign peripheral nerve sheath tumor. a Adjacent nerves, 
vessels, and other structures must be dissected away and 
the lesion with proximal and distal parts of lesion should 
be isolated. b Because a tumor spans other normal 

fascicles, epineurotomy is performed over the tumor 
capsule. c In isolation of tumor, other fascicles are dis-
sected free from the tumor. d After the identification of 
proximal and distal poles of tumor (arrow), the tumor is 
removed at a time
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resonance (MR) images showed an ovoid mass 
encompassed by left psoas muscle (Fig. 5.6). 
The patient underwent lumbosacral plexus 
tumor removal. After dissection of psoas mus-
cle, the tumor mass was easily found. The 
thinned epineurium was opened between fasci-
cles and the tumor was dissected free from the 
adjacent fascicles and connective tissues. The 
tumor was removed en bloc. The epineurotomy 
was done, with nerve action potential record-
ing to avoid the traversing fascicle (Fig. 5.5). 
After identification of distal and proximal pole 
of tumor, isolated tumor from adjacent structure 
was removal.

5.1.3  Conclusion

In conclusion, extradural nerve plexus tumor 
such as peripheral nerve sheath tumors can be 
removed as a single mass without additional 
neurological deficits. The outcome is excellent 
and the recurrence is very rare.

dissected free from the adjacent fascicles and 
connective tissues. The tumor was removed en 
bloc.
Case 2. Schwannoma in lumbar plexus (Video 
2).

A 48-year-old female patient complained of 
left back pain and paresthesia on thigh and leg. 
The pain has increased over time. Magnetic 

Fig. 5.5  Intraoperative nerve action potential monitor-
ing. Nerve action potential monitoring was performed 
to identify safe zones between fascicles and preserve the 
traversing fascicle (arrow)

a b

Fig. 5.6  MRI imaging of schwannoma arising from the 
left lumbar plexus. The MRI images showing schwan-
noma arising from the left lumbar plexus. a T2 image 

axial (A) and coronal images b show well-delineated, 
homogenous hyperintense mass within left-side psoas 
muscle
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Abstract
Paraspinal tumors are defined as any soft tissue 
mass that comes into contact with the vertebral 
column. Paraspinal tumors without intraspinal 
involvement can be treated with one surgi-
cal approach. The surgical goals are complete 
tumor resection without neurovascular injury. 
The optimal surgical approach for tumor resec-
tion mainly depends on several factors including 
location, extension, size, involvement of the bony 

spinal canal. The paraspinal tumors can be better 
reached through outside-in approach. Lateral ext-
racavitary retroperitoneal approach is useful for 
extraforaminal tumors deep to the psoas muscle.

Keywords
Tumor · Paraspinal · Approach

6.1  Introduction

Paraspinal tumors are defined as any soft tissue 
mass that comes into contact with the vertebral 
column. Paraspinal tumors are mostly nerve 
sheath tumors. Schwannomas are the most com-
mon paraspinal tumors, followed by neurofibro-
mas and ganglioneuromas. Paraspinal tumors 
may involve any portion of the vertebral column 
and extend through the adjacent neural foramen 
to enter the epidural space.

Eden presented a classification in 1941 based 
on radiological findings for spinal schwannomas 
(Table 6.1) [1]. Paraspinal tumors correspond to 
Eden types III and IV. Type III is purely extra-
dural growth with a paravertebral tumor mass. 
Type IV is a tumor limited to the paravertebral 
and intraforaminal spaces.

McCormick categorizes paraspinal tumors 
depending on axial relation to spinal canal [2]. 
Paraspinal tumors correspond to McCormick’s 
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The posterior approach is divided into 
inside-out and outside-in approach. Inside-out 
approach is to remove the intraspinal–extradural 
component first, followed by the extraforaminal 
tumor component. Inside-out approach would 
have necessitated hemilaminectomy, unilat-
eral facetectomy, and intertransverse approach. 
Fusion may be required to correct postlaminec-
tomy deformity. For paraspinal tumor, inside-out 
approach is some demerit, such as inadequate 
exposure or large incision. Approaching extra-
foraminal tumors from a midline exposure 
requires extensive muscular retraction and 
extensive removal of facet joint. Inside-out 
approach may be not a suitable for extraforami-
nal tumor without intradural components.

Outside-in approach is to remove the extrafo-
raminal tumor component first, followed by the 
intraspinal–extradural component. Paraspinal 
tumors are located in the far lateral zone. The 
far lateral zone is difficult to approach from the 
midline but easily reaches through a paramedian 
access. The paraspinal tumors with or without 
intraforaminal involvement can be better reached 
through outside-in approach. In case of intrafo-
raminal tumor involvement, the approach can 
be extended to a foraminal decompression and 
tumor excision in the neuroforamen. It is possible 
to perform total resection with costotransversec-
tomy in case of thoracic paraspinal tumors [8].

But, outside-in approach is difficult to 
remove a tumor extending anteriorly and inside 
the iliopsoas muscle. Akawasi reported the lat-
eral transpsoas approach, which can be per-
formed in a minimally invasive or open fashion 
for resection of retroperitoneal, paravertebral 
nerve sheath tumors within the psoas muscle [9].

More recently, mini open or minimally inva-
sive techniques without stabilization have been 
reported. Minimally invasive techniques reduce 
bony destruction, blood loss, and postoperative 
pain. Tumor size and locations are the critical 
factors for the application of the minimally inva-
sive surgery approach [10–13].

Traditionally, thoracic paraspinal tumor 
resection by posterolateral thoracotomy is the 
standard treatment, which offers excellent out-
comes. A costotransversectomy approach can 

types 2, 3, and 5. Type 2 is confined to ante-
rior spinal region and near spinal canal without 
foraminal or intraspinal extension. Type 3 is 
anterior paraspinal tumors with minor foraminal 
or intraspinal extension. Type 5 involves par-
aspinal soft tissue only.

Paraspinal tumors usually remain asympto-
matic until they reach a large size and extend 
into the adjacent organ or spinal cord. Surgical 
tumor excision is preferred in tumors showing 
rapid growth or causing the neurologic defi-
cit. The surgical goals are to complete tumor 
resection and to prevent neurovascular injury. 
Preoperative selection of surgical approaches is 
critical. The size and position of the tumor and 
extraspinal components are the most important 
factors in deciding the surgical approach [3, 4].

Various approaches have been reported 
for paraspinal tumors. For paraspinal tumors, 
 two-stage approaches have been used in the 
past. Traditional approaches for resection of 
retroperitoneal tumors are usually multidiscipli-
nary, involving a general surgeon using an ante-
rior retroperitoneal approach.

The classic lateral extracavitary approach 
(LECA) has been the gold standard for many 
years. The advantage of this procedure is that 
it provides the surgeon with access to both the 
posterior and lateral aspects of the spinal canal 
through a single incision. The LECA allows for 
the placement of posterior instrumentation with-
out a second incision [5].

In recent years, a single-stage posterior 
approach has been preferred to remove paraspinal 
tumors that have an extraforaminal tumor compo-
nent. The posterior approaches to the spine are the 
most commonly employed surgical exposure and 
familiar techniques. This approach may not require 
posterior fixation and less invasive for foraminal 
and extraforaminal tumor removal [6, 7].

Table 6.1.  Eden classification [1]

Type I Intra and extradural type

Type II Intra and extradural and paravertebral 
type

Type III Extradural and paravertebral type

Type IV Foraminal and paravertebral type
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be used to remove small to moderate-sized tho-
racic paraspinal tumors. For a large thoracic par-
aspinal tumor extending into the chest cavity, a 
thoracotomy or thoracoscopic approach may 
be needed to allow visualization and access. 
Recently, thoracoscopic surgery has been docu-
mented as a good alternative method for exci-
sion of thoracic paraspinal tumors [14, 15].

6.2  Strategy of Surgical Treatment

The surgical goals are complete tumor resection 
without neurovascular injury. The optimal surgi-
cal approach for tumor resection mainly depends 
on several factors including location, extension, 
size, involvement of the bony spinal canal, and 
the relation with neural compartments. In recent 
years, paraspinal tumors without intraspinal 
involvement can be treated with one surgical 
approach. Approaches to paraspinal tumors are 
classified in Table 6.2 [2, 7].

The lateral extracavitary approach to the 
thoracic and lumbar spine can be used for the 
removal of paraspinal tumors, causing anterior 
or lateral spinal cord compression. The posterior 
approach provides a direct view of the tumor 
mass through only one surgical route. The intra-
foraminal tumor part could be excised out of the 
foramen without injuring the spinal dura.

Outside-in approach was performed using 
paramedian or far lateral skin incision as an 
entry point. The paraspinal muscle-splitting 
approach can provide a good exposure for the 
foramen. Skin incision is performed using the 
cleavage plane of the multifidus and longis-
simus muscles. A lateral vertical skin incision 
is made about 30–40 mm lateral to the spinous 
process at the corresponding level and the fascia 
is opened longitudinally. After blunt dissection 
between the multifidus and longissimus muscles, 

the transverse process, isthmus, and facet joint 
are exposed. The transverse process and isth-
mus are important landmarks for the exact loca-
tion. Partial drilling of the transverse process is 
accomplished to widen the intervertebral fora-
men for removal of the extraforaminal tumor. 
The isthmus is may be removed for enlarging 
the intervertebral foramen during the removal 
of extracanalicular tumor. The paraspinal tumor 
was identified between the transverse processes.

Outside-in approach is difficult to remove a 
tumor extending anteriorly and inside the psoas 
muscle. Lateral mini-open transpsoas approach 
can be performed for resection of paraspinal 
tumors within the psoas muscle. Direct visualiza-
tion in lateral extracavitary approach allows for 
identification of nerve branches and thus mini-
mizes intraoperative injury. The patient was posi-
tioned in a lateral decubitus position. Electrodes 
for electromyography and monitoring of soma-
tosensory-evoked potentials are placed. A small 
lateral skin incision is made and the underly-
ing fascia is incised. The transversalis fascia is 
opened bluntly to enter the retroperitoneal space. 
Digitally sweeping the retroperitoneal fat from 
posterior to anterior, moving the peritoneum ante-
riorly, allows palpation of the psoas muscle. The 
retractor is placed through the psoas muscle with 
continuous EMG monitoring. Under direct vision, 
the psoas muscle is split bluntly, protecting any 
visualized nerves. The tumor can then be detected.

6.3  Case Review

Case 1. Lateral extracavitary retroperitoneal 
approach (Video 1).

A 48-year-old male patient complained of 
low back pain. The patient also complained 
of leg paresthesia. Magnetic resonance (MR) 
images showed a large mass within the psoas 
muscle at the level of L3–L4 (Fig. 6.1). The 
patient underwent a lateral extracavitary retrop-
eritoneal approach. The patient was positioned 
in a left lateral decubitus position. A lateral 
skin incision is made and the underlying fascia 
is incised. The transversalis fascia is opened 
bluntly to enter the retroperitoneal space. 

Table 6.2  Paraspinal tumor approach

1. Lateral extracavitary approach
2. Posterior approach

a. Inside out approach
b. Outside-in approach

3. Minimally invasive approach
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Case 2. Outside-in approach (Video 2).
A 41-year-old male patient suffered from pro-
gressive low back pain for 1 year without any 
neurological deficits. MR imaging revealed an 
extradural tumor on right of L3 and L4 body 
with small foraminal component (Fig. 6.2). 
Surgery for the patient was performed  outside-in 
approach. After blunt dissection between the 

Digitally sweeping the retroperitoneal fat from 
posterior to anterior, moving the peritoneum 
anteriorly, allows palpation of the psoas mus-
cle. The retractor is placed through the psoas 
muscle. Under direct vision, the psoas muscle 
is split bluntly, protecting genitofemoral nerve. 
The tumor can then be detected and was totally 
excised.

Fig. 6.1  Magnetic resonance images (MRI) showed the paraspinal tumor imbedding in the psoas muscle on the right 
side at the level of L3–L4

Fig. 6.2  Axial section showed a paraspinal tumor with a small extension into the right L3–L4 foramina without 
foraminal widening
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multifidus and longissimus muscles, the trans-
verse process and facet joint are exposed. 
Internal debulking allowed a progressive col-
lapse of the tumor capsule, which was then eas-
ily dissected off the surrounding tissues. The 
origin of the tumor was confirmed, followed by 
cutting and tumor removal with no response on 
the electromyography.

6.4  Conclusion

In conclusion, the paraspinal tumor can be 
excised using either a lateral extracavitary 
approach or an outside-in approach. The par-
aspinal tumors can be better reached through 
outside-in approach. Lateral extracavitary retro-
peritoneal approach is useful for extraforaminal 
tumors deep to the psoas muscle.
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Abstract
Spinal extradural foraminal neoplasms are 
uncommon lesions that are constricted at the 
point they penetrate the intervertebral foram-
ina or dura mater. Because of their varied loca-
tions, extradural foraminal neoplasms have 
features, clinical symptoms, and pathological 
characteristics that are unique compared with 
the more common intradural extramedullary 
(IDEM) tumors, consequently, their surgical 
approach and treatment should be also differ-
entiated. Surgically, extradural extension into 
the foramen necessitates a more or less impor-
tant resection of the facet joints. This raises the 

question of spinal stability and the need for 
additional fixation. However, recent progres-
sion of  anatomy-preserving minimally invasive 
surgical techniques along with the concomitant 
evolution of their tools allows for excellent 
exposure while limiting damage to surround-
ing tissues through a minimized surgical cor-
ridor or modified approach method, followed 
by safe and completed resection of these extra-
dural foraminal neoplasms.

Keywords
Extradural tumor · Intervertebral 
foramen · Minimally invasive 
approach · Laminectomy · Facetectomy

7.1  Introduction

As defined by Heuer [1], spinal extradural 
foraminal neoplasms are uncommon lesions 
that are constricted at the point they pene-
trate the intervertebral foramina or dura mater 
and assume an hourglass (dumbbell) shape. 
Currently, the term ‘dumbbell tumors’ does not 
refer to the hourglass shape but is used as a con-
ceptual term meaning separate tumors that con-
nect and have two or more separate regions such 
as intradural space, epidural space, and locations 
outside the paravertebral space [2, 3].
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ganglioneuromas (8%), six meningiomas (5%), 
and two hemangiomas (2%). Six tumors (5%) 
were of miscellaneous diagnoses, including 
an angiolipoma, a paraganglioma, a malignant 
peripheral nerve sheath tumor, a malignant lym-
phoma, a melanoma, and a rhabdomyosarcoma.

Neurogenic tumors consisting of schwanno-
mas and neurofibromas accounted for 80% of 
the dumbbell tumors [5, 7]. Malignant tumors 
were found in 10 cases (8.5%). These malignant 
dumbbell tumors accounted for 64% of cases in 
pediatric patients and 2.8% in adult patients.

While the usual IDEM tumors appeared 
more commonly in the thoracic and lumbar 
spine than the cervical spine, these extradural 
foraminal neoplasms had more prevalence in 
the cervical spine (44%), followed by the tho-
racic spine (27%), and the lumbar spine (21%) 
[8–10]. Fifteen (18%) of 81 schwannomas were 
observed in the C-2 nerve root, thus having a 
higher rate than those in the other nerve roots 
[9, 11–13]. According to Eden classification 
[14], 9% of tumors were classified as Type 
1, 33% as Type 2, 53% as Type 3, and 5% as 
Type 4 (Fig. 7.1). The tumors classified as Type 
3 were most frequent. In the cervical spine, 
Type 2 was most frequent; however, in the tho-
racic spine, Type 3 was most frequent. In the 
schwannomas, Eden Type 3 accounted for 48% 
and was most frequent. In the neurofibromas, 
Type 2 accounted for 52% of the lesions. All 
neuroblastomas and anglioneuromas were Type 
3. In the meningiomas, there were two Type 
2 tumors and two Type 3 tumors. The Type 3 

Because of their varied locations, extradural 
foraminal neoplasms have features, clinical 
symptoms, and pathological characteristics that 
are unique compared with the more common 
intradural extramedullary (IDEM) tumors, con-
sequently, their surgical approach and treatment 
should be also differentiated. These lesions are 
traditionally resected via an open laminectomy 
and facetectomy approach and in cases requir-
ing complete facetectomy (e.g., a nerve sheath 
tumor extending both medial and lateral to the 
facet joint), prior reports have rather recom-
mended concomitant fusion for stabilization 
[4, 5]. However, recently, the use of mini-open 
surgical technique for the resection of these 
extradural spinal foraminal neoplasms that 
extend through the foramen and lateral to the 
facet have been reported [6]. In this chapter, 
the author describes about the features, surgical 
approaches, and their preceded considerations 
for these ‘extradural-foraminal’ tumors.

7.2  Classification 
and Epidemiology

In 2007, Ozawa et al. have featured and classi-
fied these 118 spinal extradural foraminal neo-
plasms from their 674 spinal cord tumors that 
were encountered at the Tohoku University 
School of Medicine during the period between 
1988 and 2002 [5]. The pathological diag-
noses included 81 schwannomas (69%), 14 
neurofibromas (12%), nine neuroblastomas/

Type 1
Intra-and extradural

Type 2
Intra-and extradural
and paravertebral

Type 3
Extradural and
paravertebral

Type 4
Foraminal and
paravertebral

Fig. 7.1  A diagram of Eden’s classification for dumb-bell shaped tumors of the spine
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meningiomas had been recurrent at the epidural 
space and paravertebral region after excision of 
the intradural tumors.

7.3  Diagnosis

Pain is the most common presenting symptom 
being either local (50%) or radicular (30%). 
Very rarely patients present with symptoms due 
to raised intracranial pressure associated with 
papilledema [15] or hydrocephalus [16, 17]. At the 
time of diagnosis, motor deficit is rare and usually 
moderate including 30% and 15% of radicular and 
medullary deficits, respectively [9, 11]. Sphincter 
disturbances are exceptionally observed.

MRI is the best imaging tool as it offers all 
the relevant information for diagnosis, localiza-
tion, and surgical strategy. It permits to define 
any type of extension (intradural, extradural, 
foraminal, and extraspinal). It shows very 
well the cystic and hemorrhagic forms [18]. 
Conversely, it is generally difficult to differen-
tiate schwannomas from solitary neurofibro-
mas. MRI is also quite sufficient to demonstrate 
the relationship between the schwannoma and 
the vertebral artery (VA). In case of foraminal 
extension, the VA is most of the important to 
evaluate the size of both VAs.

A computerized tomography (CT) scan may 
still be useful to appreciate the bony erosion in 
foraminal and extraspinal types. It varies from a 
limited widening of the intervertebral foramen 
to a large defect in one or several vertebral bod-
ies and/or facet joints.

7.4  Strategy of Surgical Treatment

7.4.1  Conventional Midline 
Access

In the vast majority of neoplasms with an intra-
dural location, there is a common agreement 
to use the midline posterior approach through 
a single- or two-level laminectomy, hemilami-
nectomy, or laminoplasty [19], followed with a 
vertical paramedian incision of the dura, curved 
laterally at both extremities and an en bloc 

excision can be achieved after a limited number 
of rootlets (one or two) that give origin to the 
schwannoma are separated from the others and 
sacrificed (Fig. 7.2).

In case of concomitant extra- and intradural 
components (dumbbell form), some modifica-
tions must be added;

• The laminectomy is extended laterally toward 
the facets [20].

• A dural contraincision perpendicular to the 
paramedian incision directed to the foramen 
is performed. The dura always adheres to the 
tumor capsule and has to be cut around the 
tumor at the level of intra-/extradural com-
munication. This might result in an unrepair-
able dural defect, which needs to be closed 
with a patch after tumor removal.

• The extradural component is resected until 
the distal root is reached. It may be necessary 
to resect some more bone toward the neural 
foramen (medial aspect of the facet joint).

This hemilaminectomy combined with the 
medial partial facetectomy had a great advan-
tage for excising the dumbbell tumor. Because 
most tumors were located unilaterally in the 
spinal canal and paravertebral space, the tumors 
could be excised easily from the posterolateral 
enough large space provided by the hemilami-
nectomy and facetectomy. In addition, the spinal 
stability can be reconstructed or augmented eas-
ily by either wiring or contralateral facet fusion, 
because the hemilaminectomy and facetectomy 
can minimize damage to spinal stability by pre-
serving the spinous process, supra- and intras-
pinous ligaments, and contralateral facet joint.

7.4.2  Modification for Dominantly 
Extradural and Foraminal 
Component

The above-mentioned posterior approach with 
facetectomy [3, 21] might necessitate an addi-
tional fixation procedure and sometimes a 
complementary anterior or lateral approach if 
the extraspinal component is large. Lu et al. 
have demonstrated a mini-open treatment of 
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Fig. 7.2  An illustrative case of 40-year-old male 
with neurofibroma existing at intradural—extramedul-
lary portion of the right side inside of the spinal canal 
at the C4-5 level, with extension to neural foramen 
as well as to the dorsal aspect of vertebral artery (VA) 
and its groove. Ipsilateral hemilaminectomy—medial 

partial facetectomy through a paramedian surgical access 
directed to the foramen was performed to evacuate the 
compacted lesion. Despite a considerable elaboration 
to remove the whole portion of the neurofibroma, still a 
remnant portion of the tumor at the most lateral portion 
inside the VA groove could be noted
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vertebral artery (VA), which may be hazardous. 
In the case of huge extension to outside of fora-
men, the posterior approach might be adjunct 
with an concomitant anterior approach [2, 3]. 
George et al. have proposed as the other option 
is to use the anterolateral approach which, in 
their experience, is more advisable since any 
component from extraspinal to intradural can be 
resected with a perfect control of the VA and no 
need for additional fixation (Fig. 7.4) [12, 13, 
22, 23]. Their suggested surgical steps would be;

• The skin incision is vertical along the medial 
border of the sternocleidomastoid (SM) mus-
cle at the corresponding level and extended 
over 6–7 cm.

• The field is opened by first exposing the 
medial aspect of the sternocleidomastoid 
muscle (SM), which is then retracted lat-
erally until the internal jugular vein (IJV) 
is reached. The lateral aspect of the IJV is 
separated from the SM and retracted medi-
ally. The retractors are progressively moved 
down into the field. In contrast to a clas-
sical anterior cervical approach, all the 

extradural spinal nerve sheath tumors that 
extend through the intervertebral foramen and 
lateral to the facet that it is performed through 
the Wiltse’s plane, approximately 3–4 cm lateral 
to the conventional midline access (Fig. 7.3). 
They found that, especially for foraminal lumbar 
nerve sheath tumors, this mini-open approach is 
feasible with acceptable amount of blood loss 
and operative time. Additionally, this can be 
applied for reoperative cases who harbor such 
foraminal tumors but had undergone prior mid-
line surgery.

The advantage is that, since it is performed 
in the Wiltse plane, lateral to the scar tissue 
from the prior operation, this de novo approach 
through a relatively virgin tissue plane reduces 
the time for untoward dissecting scar tissue 
from the dura in patients who have undergone 
prior laminectomies. Furthermore, this lateral 
approach allows for same surgical route for con-
comitant pedicle screw placement and postero-
lateral fusion.

However, especially at the cervical level, 
it does not permit a proper visualization of the 
important vital structures and control of the 

Fig. 7.3  Illustration of a foraminal nerve sheath tumor being removed through a mini-open approach with an 
expandable tubular retractor. (courtesy from Lu D et al. J Neurosurg Spine 2009)
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Fig. 7.4  Illustration 
showing the dissection 
plane. The neurovascular 
package is retracted medially 
and the cervical spine is 
reached anterolaterally. 
(courtesy from Kiris T et al. 
Neurosurgery 2008)
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taken from the fatty sheath, and onlayed with 
fibrin glue [25].

7.5  Potential Complications

Extradural extension into the foramen neces-
sitates a more or less important resection of the 
facet joints. This raises the question of spinal 
stability and the need of additional fixation.

The extraspinal extension of those tumors, 
displacing the VA, can better be resected with 
adequate exposure of the VA using the ante-
rolateral approach. The VA must be controlled 
above and below so that any injury can be easily 
repaired. In this view, evaluation of the size of 
the VA on preoperative MRI is essential.

There is a potential complication, related to 
the injury of a radiculomedullary artery aris-
ing at the tumoral level, without supply of the 
medulla by a collateral network, causing medul-
lary ischemia.

Horner’s syndrome due to damage of the 
sympathetic trunk (during the anterolateral 
approach) may be transiently observed after 
excessive manipulations but should recover, 
except if the sympathetic trunk has been cut.

7.6  Conclusion

Spinal extradural neoplasms that traverse the 
intervertebral foramen can be safely resected 
using a minimized surgical corridor or approach 
modification, which allows for excellent expo-
sure while limiting damage to surrounding tis-
sues. In order to accomplish this task without 
subsequent untoward complication incurrence, 
capability to convert the two-dimensional preop-
erative imaging information into 3D anatomical 
interpretation would be essential.
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Abstract
Extradural tumors are within the spine but 
outside the sac (dura) are the largest group, 
accounting for up to 55% of the spinal 
tumors. The majority of extradural tumors 
represents metastases while the primary 
extradural spine tumors are rare, and there is 
little high-quality evidence outlining the opti-
mal treatment for these lesions. Extradural 
intracanal portion of the spine tumors poses 
significant challenges to surgeons as the aim 
is to achieve satisfactory surgical outcomes 
with clean tumor margins while minimiz-
ing morbidity. Improvements in radiotherapy 

technology, advances in chemotherapy, novel 
molecular drug targets, and other multimo-
dality protocols may increase survival rates.

Keywords
Extradural tumor · Intra-spinal 
canal · Metastases · Primary spinal bone 
tumors · Spondylectomy

8.1  Introduction

Extradural tumors are within the spine but out-
side the sac (dura) that holds the spinal cord, 
nerve roots, and spinal fluid. These are the larg-
est group, accounting for up to 55% of the spinal 
tumors. They may arise from the cells covering 
the nerve roots, vertebral bodies (most extra-
dural lesions), epidural structures or may invade 
the spinal canal secondarily from the nearby 
structures (Fig. 8.1) [1–2].

Extradural intracanal portion of the spine 
tumors pose significant challenges to surgeons 
as the aim is to achieve satisfactory surgical 
outcomes with clean tumor margins (e.g., thus 
avoid recurrence) while minimizing morbidity. 
Improvements in radiotherapy, chemotherapy, 
and novel molecular drugs may increase sur-
vival rates and improve overall outcomes. In this 
chapter, the author describes about the features 
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pain and maintaining neurological function. 
Common treatment modalities include surgery 
and radiation therapy. The typical goals of sur-
gery are to confirm diagnosis, eliminate any 
compression of the spinal cord or nerve roots, 
and maintain stability by correcting deformity 
or restoring structural integrity (Fig. 8.3).

Complete surgical removal of tumors to the 
bony spine is rarely possible or practical. As 
such, radiation therapy is often used in conjunc-
tion with surgery to eliminate remaining tumor 
tissue or at least slow its progression. Such 
therapy can be delivered in multiple small doses 
over the course of several weeks (radiotherapy) 
or sometimes in much larger doses given just a 
few times or even once.

8.1.2  Primary Extradural—Intracanal 
Spinal Tumors: Bone Tumors

There are also primary tumors that affect the 
extradural bony spine. These are considerably 
less common than metastatic tumors and tend to 
be seen more commonly in children and young 
adults. Primary extradural tumors of the spine 
are rare and constitute approximately 4% of 
all spine tumors [3]. Despite their rarity, these 
tumors (Fig. 8.4) can pose significant surgi-
cal challenges as their aggressive nature makes 
achieving a clean tumor margin difficult; this 
may be particularly complicated by the critical 
surrounding anatomy (e.g., nerve roots/spinal 
cord) [4].

and their preceded considerations for these 
“extradural intracanal” tumors.

8.1.1  The Largest Group 
of Extradural—Intracanal 
Tumors: Metastasis

The majority of extradural tumors represent 
metastases, or cancerous tumors that have trave-
led from other parts of the body. Kidney, breast, 
prostate, and lung cancers will commonly travel 
to the bony spine. Metastatic spine tumors can 
cause pain (from bony destruction, fracture, or 
instability) or neurological dysfunction from 
compression of the spinal cord or nerve roots. 
Some of the well-verified features regarding 
these metastases are [1–2]

– Solitary vertebral lesions are less frequent 
than tumors with multiple locations.

– Metastases are most frequent in the thoracic 
spine followed by the lumbar spine.

– The most common primary tumors giving 
rise to metastatic spinal tumors are lung, 
breast, and prostate tumors.

– Most lesions are osteolytic (Fig. 8.2); osteo-
blastic metastases occur frequently with 
metastases from prostate and breast cancers.

– In elderly patients, the differential diagnosis 
with plasmocytoma/myeloma must be done.

Treatments for these tumors are aimed at pre-
serving spinal stability, reducing/eliminating 

Fig. 8.1  Difference of the intracanal spinal tumors among the normal, intramedullary, intradural-extramedullary, and 
extradural in their origination
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There are several types of these tumors that 
are benign but can cause problems by being 
locally destructive or invasive (e.g., heman-
giomas, giant cell tumors and osteoblastomas). 
These are most often treated surgically to elimi-
nate their destructive tendencies [5].

– Vertebral hemangioma is the most common 
benign spinal tumor (Fig. 8.5).

– Most occur in the vertebral body and about 
10% extend into the posterior elements.

– The thoracic region is the most frequent.
– There are two different types: 1—asymp-

tomatic; 2—aggressive, symptomatic types 
with intraspinal tumor extension and cord 
compression.

– Lesions with high T1 signal are consid-
ered benign. Low signal on both T1- and 

Fig. 8.2  Preoperative MRI (sagittal; upper left, axial; 
upper right) depiction of the extradural metastatic spi-
nal tumor from the inherent lung cancer. Note the mas-
sive extension from the left retropleural cancer origin 
featured in the chest CT scan (lower left) to the left 

vertebral body, pedicle and dorsal lamina, spinous pro-
cess, and multifidus muscles (arrow, upper right). The 
corresponding cancer incurred an osteolytic metastatic 
spinal tumor (lower right) on T6, 7 levels according to 
the sagittal CT scan
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Fig. 8.3  Intraoperative process for the removal of an 
extradural metastatic spinal tumor. Dissection of the 
tumor portion from the dorsal cord sac (upper left), 
identification of the exiting nerve root from the cor-
responding spinal level (upper right), removal of the 
main, extradural portion of the tumor (lower left), and 

insertion of a mesh graft for the stabilization (lower 
right). The postoperative X-ray lateral view (left) & sag-
ittal CT scan view (right) reveals well-reconstructed tho-
racic spinal levels from the metastasis with mesh graft 
inserted from below of superior endplate of T6 to above 
of upper endplate of T8
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Fig. 8.4  Summary of the primary extradural spinal tumors (courtesy from Lam FC et al. Surg Neurol Intl 2014)

Fig. 8.5  An upper thoracic vertebral hemangioma fea-
tured through T2-, T1-, contrast-enhanced axial (upper 3 
images in sequence), and sagittal (lower 2 images) MRI 

view. The lesion is associated with an intraspinal extra-
dural component that is well enhanced with gadolinium 
(arrows)
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– The spine and especially the vertebral bodies 
are the most common sites; epidural exten-
sion is common.

Useful information regarding the relative fre-
quency of the various primary malignancies 
is available from large national registries and 
the cancer surveillance (SEER) programs [6]. 
Dorfman and Czerniak [8, 9] analyzed data on 
2627 primary malignant tumors of bone col-
lected in the SEER program during the period 
from 1973 to 1987. Osteosarcoma was the most 
frequently diagnosed sarcoma of bone (35.1%), 
followed by chondrosarcoma (25.8%), Ewing’s 
sarcoma (16.0%), chordoma (8.4%), and malig-
nant fibrous histiocytoma, including fibrosar-
coma (5.6%). Important racial differences in the 
spectrum of tumors have been noted in several 
studies: osteosarcoma is more common in the 
Chinese and Japanese populations as compared 

T2-weighted sequences represents degenera-
tive change/involution of the lesion. Low T1 
signal together with high T2 signal may rep-
resent an atypical hemangioma.

Malignant tumor types (multiple myeloma, oste-
osarcomas, and Ewing’s sarcoma), given their 
relative radioresistance and their typical malig-
nant, invasive nature, surgery may be associated 
with fairly high morbidity and mortality rates 
[6]. Furthermore, it may be especially difficult 
to achieve gross total resections with tumor-free 
margins. These are often treated with multi-
ple modalities including surgery, radiation, and 
chemotherapy [7].

– Myeloma is the most frequent primary malig-
nant tumor of the spine (Fig. 8.6).

– The peak incidence is in the sixth to seventh 
decade.

Fig. 8.6  Sagittal T2- (left) and T1- (right) weighted MRI images featuring solitary vertebral lesion, multiple mye-
loma. Note the dorsal cord and thecal sac compression (arrows)
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be the layer of reactive tissue around the tumor, 
and ‘‘wide’’ is appropriate if the plane of surgi-
cal dissection is outside the pseudocapsule, thus 
removing the tumor with a continuous shell of 
healthy tissue. This wide en bloc procedure is 
usually called either excision or resection, which 
are the terms too widely used, confusing, and 
interchanged between them to be discriminated.

In order to avoid these confusions and to 
elucidate comparative results, it might be rea-
sonable to differentiate this demanding, risky 
removal of the whole tumor in en bloc fashion 
from a simple intralesional (piecemeal removal 
from the whole extradural intracanal massive 
lesion) procedure. While this intralesional resec-
tion of malignant tumors may provide functional 
palliation and pain relief, it frequently results in 
a higher incidence of local recurrence.

8.3  Summary

The majority of extradural tumors represent 
metastases while the primary extradural spine 
tumors are rare, and there is little high qual-
ity evidence outlining the optimal treatment for 
these lesions. Trends in the literature support en 
bloc spondylectomy for low grade malignant 
tumors, but this aggressive approach proves 
technically challenging and may be associated 
with relatively high morbidity and mortality 
rates. Improvements in radiotherapy technology, 
advances in chemotherapy, novel molecular drug 
targets, and other multimodality protocols may 
increase survival rates.
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Abstract
The representative tumor originated from 
dura is solitary fibrous tumor (SFT). SFT is a 
mesenchymal tumor of the fibroblastic type, 
presumably originating from soft tissue fibro-
blasts, and constitutes a heterogeneous group 
of rare spindle-cell tumors that include benign 
and malignant neoplasms. Most of the spinal 
SFTs are dense cellular tumors, mostly cor-
responding to the hemangiopericytoma phe-
notype, and are considered malignant (WHO 
grade II or III). The majority of patients 
(95%) was older than 21 years. Majority of 
patients complained of pain, hypoesthesia, 

paresis, urinary dysfunction, or combination 
of these as the initial presentation. Surgery is 
a mainstay treatment for spinal SFTs. As the 
tumor most likely originated from the spinal 
meninges, presumably meningeal fibroblasts, 
resection of the origin of tumor itself is essen-
tial to prevent recurrence even after gross total 
removal. Grade II or III tumors are considered 
malignant and treated with adjuvant therapy, 
typically radiotherapy.

Keywords
Solitary fibrous tumor ·  
Spine · Surgery · Radiotherapy

9.1  Overview

The representative tumor originated from dura is 
solitary fibrous tumor (SFT). SFT is a mesenchy-
mal tumor of the fibroblastic type, presumably 
originating from soft tissue fibroblasts, and con-
stitutes a heterogeneous group of rare spindle-cell 
tumors that include benign and malignant neo-
plasms [1–3]. SFT is preferred by most patholo-
gists to hemangiopericytoma, which includes a 
heterogeneous group of hemangiopericytoma 
like neoplasms [1, 3]. SFT was first described as 
a tumor originating from the pleura [4]. Surgery 
is the preferred choice of treatment with a 5-year 
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44%) [7]. The majority of patients (95%) was 
older than 21 years. SFTs were mostly located 
in thoracic spine (42%) followed by cervical 
spine (28%) and lumbar spine (13%), and were 
extradural in 27%, extradural and intradural 
extramedullary in 5%, intradural extramedullary 
in 35%, intradural extramedullary and intramed-
ullary in 16%, and intramedurally in 15% [7, 
11]. Majority of patients complained of pain, 
hypoesthesia, paresis, urinary dysfunction, or 
combination of those as the initial presentation 
[12–17]. An intramedullary SFT rarely causes a 
sudden paralysis [18, 19].

Spinal SFTs showed various morphologies 
with imaging; dumbbell-shaped or lobulated 
soft tissue mass, expansile intraosseous mass 
in the vertebral body, or posterior spinal ele-
ment and long intraspinal canal mass (Fig. 9.1) 
[6, 12, 20]. Most SFTs were low or isointense 
on T1- and hypointense, mild hyperintense, or 
hyperintense on T2-weighted magnetic reso-
nance imaging (MRI), which heterogeneously 
enhances when using contrast dye (Fig. 9.1) [7, 
12, 13, 21, 22]. When SFTs are located in the 
intradural or extramedullary space, they mimic a 
meningioma or nerve sheath tumor (Fig. 9.1a, b) 
[7]. Malignant SFTs may present with multiple 
lesions as an initial presentation [2, 23].

9.3  Treatment and Outcomes

Surgery is a mainstay treatment for spinal SFTs. 
The extent of surgical removal determined clini-
cal outcomes for patients with WHO grade I 
SFT, which compromised 93% of all reported 
cases of SFT [7, 9]. For WHO grade I SFT, no 
adjuvant treatment is recommended once gross 
total resection is achieved [6, 17, 24]. Gross 
total resection provided a recurrence-free rate of 
90% at 1.2-year follow-up [7, 9]. Local recur-
rence was reported in less than 1% of patients 
after gross total removal and occurred over the 
long-term after surgery at 2 years, 8.5 years, 
and 14.5 years [7, 25–27]. Therefore, long-term 
clinical and radiological follow-ups are required 
[7, 28, 29]. As the tumor most likely originated 
from the spinal meninges, presumably menin-
geal fibroblasts, resection of the origin of tumor 

survival rate of 100% when the benign SFT is 
completely removed. Most patients with malig-
nant SFT don’t survive more than 2 years due to 
progression or recurrence [4, 5]. The origin of 
spinal SFTs is variable, emerging from structures 
such as the dura mater, arachnoid, bone, perios-
teum, venous plexus, nerve root or spinal cord, 
and sometimes from structures with no correla-
tion with the meninges [5–7]. So far, less than 
100 spinal SFTs have been reported in the litera-
ture [7]. SFTs are rare (accounting for <1% of all 
primary CNS tumors) and usually occurs in the 
fourth to fifth decade of life [7, 8]. The tumors 
typically have a  dural-based origin and is often 
located in supratentorial cranium, but about 10% 
are located in spine [8]. They comprise 0.08% 
of all primary bone tumors and 0.1% of primary 
malignant bone tumors [9, 10].

There are largely two morphological vari-
ants of SFT: the solitary fibrous tumor pheno-
type and the hemangiopericytoma phenotype [3, 
8]. Detection of STAT6 nuclear expression or 
NAB2-STAT6 fusion is highly recommended to 
confirm the diagnosis [8]. In the central nervous 
system, a three-tiered histological WHO grading 
system is used [8]. A hypocellular, collagenized 
tumor with a classic solitary fibrous tumor phe-
notype is considered to correspond histologi-
cally to a WHO grade of I. Whereas, more dense 
cellular tumors, mostly corresponding to the 
hemangiopericytoma phenotype, are considered 
malignant (WHO grade II or III). The mitotic 
count is used to subclassify grade II (<5 mito-
sis/high power field [HPF]) and grade III (≥5 
mitosis/HPF) [5, 8]. Grade I tumors are consid-
ered benign and is typically treated by surgical 
resection alone, but Grade II or III tumors are 
considered malignant and treated with adjuvant 
therapy, typically radiotherapy [8]. The majority 
of SFTs is benign and malignant SFTs compro-
mise of 10% or less [2, 7].

9.2  Presentation

Albert GW et al. summarized 82 previous 
reports of spinal SFTs [7]. The ages ranged from 
10 to 83 years (median 52 years) and the pro-
portion of males was slightly higher (56% vs. 
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itself is essential to prevent recurrence even after 
gross total removal [7, 24]. Gross total resec-
tion was achievable in 83% of patients with 
WHO grade I SFTs. Progression was detected 
in the majority of patients (5/6, 83%) with sub-
total resection in a study follow-up period of 
6 months to 21 years [7]. A malignant transfor-
mation was reported in only one case, 3.5 years 
after removal of the WHO grade I SFT [2].

Contrary to benign SFTs, a high rate of recur-
rence (about 25%) was reported in spite of adju-
vant radiotherapy, for malignant SFTs (WHO 
grade II or III SFT) which comprises 7% of 
all spinal SFTs [6, 7]. Jia Q et al. analyzed 20 
patients with WHO grade II or III SFT in spine 
[9]. The tumor was totally removed in 75% 
of patients. Mean recurrence/progression-free 
survival time was 37.6 months after gross total 
removal and 21 months after a subtotal resec-
tion [7]. The authors had a recurrence rate of 
45% at median of 28 months (range, 12–73). 
Recurrence occurred in six out of nine patients 
(67%) with WHO grade III SFTs [9]. However, 
after a piece-meal manner removal, and when 
gross total removal was achieved, recurrence 
was reported in 60% of WHO grade III SFTs 
and 40% of grade II SFTs [7]. The recurrence 
rates after subtotal removal were 100% (3/3) 
with WHO grade III SFT and 50% (1/2) with 
WHO grade II SFTs [7].

Due to the rarity of the disease, treatment for 
metastasis from spinal SFT is rarely reported 
[13]. For example, Biawas et al. combined radi-
otherapy and chemotherapy (ifosfamide and epi-
rubicin) for residual lesion and metastatic lung 
SFTs, but the treatment has not been standard-
ized yet [13]. The most important prognostic 
factors for survival were found to be the extent 
of surgery for both benign and malignant SFTs, 
and standard therapy of both benign and malig-
nant SFT. This may be an en block removal 
including the dural origin of tumor [9, 13, 17].

Case Series
From 2010 to 2017, seven patients underwent 
surgery for spinal SFTs in Seoul National 
University Hospital, South Korea (Table 9.1). 
Median age was 43 years (range 19–70) and 
five patients were male. All tumors were a 
solitary lesion and were located in the cervi-
cal spine in two patients, thoracic spine in two 
patients, occipital condyle in one patient, lum-
bar spine in one patient, and sacral spine in one 
patient. The SFTs were located in intradural 
extramedullary space in four patients, simul-
taneous intradural extramedullary and extra-
dural space in two patients, and extradural 
space in one patient. Two patients also had 
neurofibromatosis type I. WHO grades were II/
III in five patients and III/III in two patients. 
Weakness was the most common symptom 

ba c d

Fig. 9.1  Solitary fibrous tumor. A T2-weighted sagit-
tal magnetic resonance image (MRI) showed a mixed 
low- and isosignal intensity intradural extramedul-
lary (IDEM) mass (white arrow) in dorsal C4–5 spi-
nal canal (a) and peritumoral edema extending from 
C3–6. The mass (white arrow) enhances intensely with 

gadolinium-enhanced T1-weighted MRI (b). A large 
isosignal extradural mass in T2-weighted sagittal MRI 
eroded T11 vertebra and extends from T10 to T12 spine 
(c). The spinal cord (white arrow) is deviated to the left 
by the well-enhanced compressing tumor in T1-weighed 
gadolinium-enhanced MRI (d)
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CI, 16–61) and 58 months (95% CI, 9–41) 
(log-rank test, p = 0.63), respectively (Fig. 9.2). 
Tumors that recurred were totally resected in 
four patients and further recurrence was not 
observed for 2–3 years thereafter. One patient 
(Patient No 7) presented with paraplegia (man-
ual motor power grade 0/5) at recurrence and 
refused further surgery.

9.4  Conclusion

Although SFTs are rare and have various mor-
phologies in imaging studies, it should be 
included in differential diagnoses. The present-
ing symptom is mostly pain or weakness that is 
recoverable with surgery. The mainstay of treat-
ment is the gross total resection and postopera-
tive radiotherapy is helpful to delay recurrence 
for WHO grade II or III tumors.
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How to Approach 
Anatomical 
Compartment: Intradural 
Extra-arachnoidal Tumor

Chang-Hyun Lee and Chun Kee Chung

Abstract
The most common tumor in the intra-
dural extra-arachnoid space is meningioma. 
Meningiomas are thought to be derived from 
the arachnoid granulations or islands of arach-
noid cells. In spine, the fenestration between 
cerebrospinal fluid (CSF) and blood may be on 

the inner surface of the dura mater at the entry 
zone of the nerve roots, where the spinal arter-
ies penetrate. The surgical procedure depends 
on whether the spinal cord is pushed back-
ward or forward. When the cord is pushed for-
ward, the tumor can be removed via subdural 
epi-arachnoid approach without damages to 
arachnoid membrane and subarachnoid struc-
ture (particularly vascular structures). On the 
other hand, if the cord is pushed backward, an 
epi-arachnoid approach is sometimes impossi-
ble. The dura attached with meningioma need 
not be removed because the tumor did not 
originate from the dura. Dural curettage and 
coagulation results in as low a recurrence rate 
as aggressive excision of involved dura, and a 
substantially lower complication rate.

Keywords
Meningioma · Intradural 
extramedullary · Epi-arachnoid ·  Extra-
arachnoid · Spinal cord tumor

10.1  Introduction

The intradural extra-arachnoid space is a poten-
tial one between dura and outer membrane of 
arachnoid. The most common tumor in this 
space is meningiomas, with dumbbell-shaped 
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Below this space and bound with outer arach-
noid, cerebrospinal fluid (CSF) circulates around 
the spinal cord and the spinal nerve roots project 
from it (Fig. 10.2). As these structures leave the 
spinal canal, arachnoid villi and arachnoid gran-
ulations form along the dura of the root sleeves 

schwannomas and other tumors occurring rarely 
[1, 2]. During the surgeries of spinal cord, you 
can enter this space after incising dura. Dura is 
separated from arachnoid membrane without 
difficulty, but dentate ligament fixed dura and 
pia-arachnoid complex, as shown in Fig. 10.1. 

a b

Fig. 10.1  a Cross-section of spinal cord (Luxol Blue 
stain). The central canal (asterisk) is surrounded by but-
terfly-shaped gray matter. The blue stained white matter 
is superficial to the gray matter. Pia mater is attached 
along the white matter surface. Dura mater is the most 
superficial menix. Arachnoid lines the dura mater. 
Bilaterally, a denticulate ligament extends from pia mater 
to dura mater. b High power view of the denticulate 

ligament (Dent) and neighboring structures (Triple 
stain). Pia mater (PM) is attached to the surface of spi-
nal white matter (WM). The denticulate ligament is an 
expansion of pia mater collagen that periodically sends 
extensions toward the dura mater (DM). Arachnoid (A) 
and a dorsal root (DR) and a ventral root (VR) are also 
labelled. (Copyright by https://vanat.cvm.umn.edu/neu-
rHistAtls/pages/men4.html)

Superior sagitals nus

Cerenral vein

Periosteal layer (dura)

Dura

Vertebral w.

Intervertebral v.

Anterior internal 
spinal
venous plexuse.

Anterior and 
posterior radicular w.

Periosteum
Sulcal v.

Sulcocommissural v.

Posterior central v.

Posterior spinal v.

Arachnold
villi
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mater

Arach-
noid

Anterior external spinal
venous plexuses

Basiver-
tebral v.

Anterior
spinal v.

Posterior external
vertebral venous plexuse

Posterslateral spinal w.

Fig. 10.2  Schematic drawing of the fenestration 
between CSF in the subarachnoid space and blood in the 
epidural space. Meningioma is known to be originated 

from the arachnoid cap cells and those cells lay on the 
inner surface of the dura mater at the entry zone of the 
nerve roots, where the spinal arteries penetrate

https://vanat.cvm.umn.edu/neurHistAtls/pages/men4.html
https://vanat.cvm.umn.edu/neurHistAtls/pages/men4.html
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and project into draining spinal veins [3]. The 
arachnoid membrane reflects back on the proxi-
mal portion of emerging nerve root and does not 
accompany it for any great length; this is known 
as the subarachnoid angle, where proliferations 
of arachnoid cells invade the dura and mark the 
limit of the subarachnoid space [4]. The base 
of these proliferations is continuous with the 
subarachnoid space and can penetrate the dura 
to varying degrees, allowing various amounts 
of CSF drainage among individuals [4]. It is 
fair to say that the relative contribution of these 
structures to net CSF reabsorption is poorly 
understood.

10.2  Pathogenesis

In 1831, Bright noticed the histologic similarities 
between meningioma cells and arachnoid villi 
cells. Cleland and Robin proposed for the first 
time that meningiomas derive from arachnoid 
cap cells. Thereafter, Schmidt observed obvious 
histologic similarities between meningioma cells 
and arachnoid cells at the ultrastructural level, 
with respect to cell adhesion mechanisms and the 
components of extracellular matrix [5].

Meningiomas are thought to be derived from 
the arachnoid granulations or islands of arach-
noid cells. In the brain, the arachnoid cap cells are 
commonly observed at the superior sagittal sinus, 
which is an interface between CSF in the suba-
rachnoid space and blood in the extradural region 

(Fig. 10.3). In spine, the fenestration between 
CSF and blood may be on the inner surface of the 
dura mater at the entry zone of the nerve roots, 
where the spinal arteries penetrate [5, 6]. For this 
reason, lateral tumors are more common than 
pure dorsal and ventral lesions [6, 7]. Previous 
investigators insisted that the spinal encapsulated 
meningiomas commonly develop into a small 
preserved subarachnoid space confined between 
the outer layer of arachnoid and the dura [8, 9]. 
Therefore, the tumor attached to the dura can be 
dissected from arachnoid membrane during intra-
dural epi-arachnoid approach (Video 1, 2).

10.3  Epidemiology

Meningiomas of the spinal cord have a very 
low incidence in the first two decades of life, 
and arise most commonly in the fifth to seventh 
decades of life and have a striking female pre-
dominance, with only 20% occurring in males 
[10–12]. Meningiomas may be related to a puta-
tive hormonal influence on growth operating 
through progesterone receptors, and grow in 
pregnancy or breast carcinoma [13]. Gottfried 
et al. performed a meta-analysis including 
566 cases from six published series, reaching 
the conclusion that most spinal meningiomas 
were located lateral to the spinal cord or had 
a component that extended laterally assum-
ing a posterolateral or anterolateral location, of 
which they determined the posterolateral was 

Fig. 10.3  The origin of meningioma. When dura was 
incised, an extra-arachnoidal tumor was shown. Because 
the tumor was attached to dorsal dura, a capsule of the 

tumor was opened. After dissecting covered the arach-
noid membrane, the tumor was removed without incising 
arachnoid membrane
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forward, the dura is opened, the arachnoid is 
lifted (epi-arachnoid approach) and the tumor 
can be removed. Damages to subarachnoid 
structure (particularly vascular structures) can 
be avoided through an epi-arachnoid approach. 
On the other hand, if the cord is pushed back-
ward, an epi-arachnoid approach is sometimes 
impossible [26]. In this case, surgeons can open 
the arachnoid first and enter the subarachnoid 
space; then, open the arachnoid again. In other 
words, the arachnoid is opened twice to enter 
the  epi-arachnoid space [27, 28].

1. The dura should be opened longitudinally in 
the midline, but if the tumor is biased to one 
side, the perpendicular dura incision can be 
added at the same side of the tumor.

2. In prone position, the surgical site should be 
at the top. The head of the patient is located 
below the legs to avoid prevent blood and air 
(pneumocephalus) from entering the suba-
rachnoid space (subarachnoid hemorrhage), 
which may result in arachnoiditis and air 
embolism complicating the postoperative 
period [19].

3. If the meningioma pushes the spinal cord 
forward, the surgeon does not need to incise 
outer layer of arachnoid membrane. Find the 
tumor along the interface between the dura 
and the outer layer of arachnoid membrane 
(intradural epi-arachnoid approach). Once 
the tumor is found, peel the outer arachnoid 
off from the tumor. Then, the tumor can be 
removed from the dura. The surgeon should 
continue dissection along this epi-arachnoid 
plane, applying force in the direction of the 
tumor avoiding pressure on the spinal cord, 
until the tumor is removed completely includ-
ing the dural attachment.

4. If the meningioma is pushing the spinal cord 
backward, tumor removal via  epi-arachnoid 
is usually but not always possible. If 
 epi-arachnoid approach is possible, find and 
cut dentate ligaments along the interface 
between the dura and the arachnoid mem-
brane  (epi-arachnoid approach). If the outer 
layer of arachnoid membrane disturbs sur-
geon’s vision, open the outer layer (dorsal 

the more frequent [14]. Other authors reported 
that this tumor may be most commonly antero-
lateral above C7 and posterolateral below [15]. 
Traditionally, meningioma divided into ventral 
and dorsal meningioma and the standard for 
dividing is the dentate ligament. Clinically, it 
seems more reasonable to divide depending on 
pushing the spinal cord forward or backward 
because meningioma is located at lateral, ven-
tral, and dorsal side.

Many previous researches reported the most 
common distribution of meningiomas along the 
spinal axis to be the thoracic segment (67%–
84%), followed by the less frequent high cervi-
cal levels (14%–27%), and the extremely rare at 
lumbar levels (2%–14%) [7, 14, 16]. Even after 
accounting for the relative length of the thoracic 
spinal canal, a disproportionately high number 
of these lesions occur in the thoracic spine; men-
ingiomas in the lumbar spine are unusual [17]. 
The propensity to involve the thoracic spine 
seems to be true only in females, as the relative 
involvement of the thoracic and cervical levels is 
approximately equal in males [17].

Although most of the spinal meningioma 
cases are intradural, few (5%–14%) occur at 
extradural or extraspinal locations [7, 14, 16, 18]. 
Most spinal meningiomas are globoid, but a few 
exceptions demonstrate en plaque configuration 
[19–22]. In pathologic subgroups of spinal men-
ingioma, meningothelial and psammomatous 
meningiomas are the most common histologic 
subtypes of spinal meningioma [18, 23]. On the 
other hand, atypical (WHO grade II), the clear 
cell (WHO grade II), and malignant (WHO grade 
III) meningiomas are rare in the spinal meninges, 
with a combined incidence of 1.3% among all 
craniospinal meningiomas [14, 18, 24, 25].

10.4  Strategy of Surgical Treatment

Because spinal meningiomas are mostly benign 
tumors, their total surgical resection provides 
the best treatment option for a definitive cure for 
these patients. The surgical procedure depends 
on whether the spinal cord is pushed backward 
or pushed forward. When the cord is pushed 
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A 59-year-old female patient complained of 
gait disturbance. The patient also complained 
of leg paresthesia. Her magnetic resonance 
(MR) images showed 1.7 × 1.2 × 1.1 cm-sized 
ovoid mass at the intradural extramedullary 
region in the T8-9 spinal canal (Fig. 10.4). The 
patient underwent spinal cord tumor removal. 
When dura was opened, the tumor was seen at 
 epi-arachnoid space. The tumor was removed 
without incision of arachnoid membrane.

Case 2. Epi-arachnoid approach, spinal cord 
backward (Video 2).

A 68-year-old female patients complained of 
leg weakness for 3 months. She has felt tin-
gling sense at both soles several years ago. The 
patient checked MR imaging, which demon-
strated 1.2 × 1.1 × 1.3 cm mass at the T10 level 

side) and go into the subarachnoid space. 
And then, open the outer layer (ventral side) 
and go out to the subdural space (extra-lep-
tomeningeal route, Fig. 10.2).

5. Theoretically, the dura attached with men-
ingioma need not be removed because 
the tumor is not originated from the dura. 
Because of the problem of arachnoid cap 
cells, removing the dura is an overshooting. 
It is enough to thoroughly curette the tightly 
adhered tumor from the inner dura [29]. 
Dural curettage and coagulation results in as 
low a recurrence rate as aggressive excision 
of involved dura, and a substantially lower 
complication rate [17].

Case Review
Case 1. Epi-arachnoid approach, spinal cord for-
ward (Video 1).

Fig. 10.4  Magnetic resonance images (MRI) of the 
thoracic spine revealed about 1.7 × 1.2 × 1.1 cm-sized 
ovoid mass at left side of T8-9 intradural extramedullary 

region. The tumor showed homogenous enhancement. 
The spinal cord displaced to the right
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Fig. 10.5  Magnetic resonance images (MRI) of the 
thoracic spine revealed about 1.2 × 1.1 × 1.3 cm well 
enhancing mass at the right level T10. The tumor was 

located at intradural extramedullary region with suspi-
cious focal dural enhancement. The spinal cord displaced 
to the backward

Fig. 10.6  Magnetic resonance images (MRI) of the tho-
racic spine demonstrated about 1.7 × 1.2 × 1.1 cm-sized 
ovoid mass at left side of T8-9 spinal canal, probable 

intradural extramedullary location. The spinal cord dis-
placed to backward
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(Fig. 10.5). Surgery for the patient was per-
formed extra-leptomeningeal approach. After 
midline dura incision, the tumor was found via 
epi-arachnoid approach. The dentate ligament 
was cut to make the operation field. Arachnoid 
membrane was dissected from the tumor and the 
tumor was removed piecemeal pattern. Finally, 
dura of the tumor origin was coagulated with 
curettage.

Case 3. Extra-leptomeningeal approach, spinal 
cord backward (Video 3).

A 56-year-old woman presented with right 
shoulder pain. The pain was not relieved for 
6 months, and the patient checked the MR imag-
ing. The MR images showed 1.2 × 0.7 × 1.2 
cm-sized intradural extramedullary mass at T1 
level (Fig. 10.6). The tumor was homogenously 
well enhanced with dural tail sign. Spinal cord 
was displaced to dorsal and right side. The 
patient underwent surgical removal of spinal 
cord tumor. When the dura opened, the surgeon 
tried to make operation field via epi-arachnoid 
approach. However, operation field was too nar-
row to remove the tumor safely. So, the dorsal 
layer of arachnoid membrane was opened, and 
the dentate ligament was cut. After then, the 
ventral layer of arachnoid membrane opened, 
and the tumor was removed successfully. 
Finally, dura of the tumor origin was scraped 
and then coagulated.

10.5  Conclusion

Intradural extra-arachnoidal tumor such as men-
ingioma can be removed without incision of 
arachnoid membrane. It may be related with out-
come and recurrence.
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How to Approach 
Anatomical 
Compartment: Intradural 
Sub-arachnoidal Tumor

Sungjoon Lee and Chun Kee Chung

Abstract
Schwannoma is one of the most common 
pathologies that occur in the intradural 
 sub-arachnoidal space. Spinal schwannomas 
present in various sizes, shape, and loca-
tion. With proper adjustments, strategies 
and techniques used in spinal schwannoma 
surgeries could be applied to other tumors in 
the intradural sub-arachnoidal space. Spinal 
schwannomas can be classified into three cat-
egories, which are pre-ganglionic, ganglionic, 
and post-ganglionic type, according to their 
nerve root origin. Schwannomas arise from 
a Schwann cell and involves a single nerve 

fascicle. Thus theoretically, all of them could 
be removed without sacrificing the neighbor-
ing nerve fibers. In surgeries of ganglionic 
or post-ganglionic-type schwannomas, it is 
often not easy to isolate the tumor from other 
nerve tissues as in that of pre-ganglionic-type 
schwannomas. Suppose all schwannomas, 
regardless of their types, are actually located 
in the intradural sub-arachnoidal space, then 
it is quite helpful to find and secure the dis-
section plane between the tumor and the 
adjacent nerve fibers. With carefully planned 
surgical strategies and proper techniques, spi-
nal schwannomas can be removed completely 
without causing neurologic deficits.

Keywords
Spinal cord 
neoplasms · Schwannoma · Operative 
surgical procedures

11.1  Introduction

The spinal cord is enveloped by three kinds of 
membranes. They are the pia, the arachnoid, and 
the dura matter from inside to outside, respec-
tively. The intradural sub-arachnoid space is 
defined as the space between the arachnoid 
membrane and the pia matter. This space is 
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a plane for tumor dissection, and how to remove 
the tumor completely while saving the nearby 
nerve tissues. In this context, we think covering 
schwannomas of various locations is acceptable, 
and it would also help readers to understand and 
share our surgical strategies and techniques of 
spinal schwannomas.

In this chapter, we will give a brief overview 
of features of the spinal schwannoma at first, 
including epidemiology, pathogenesis, clinical 
features, and treatment outcomes. Then we will 
introduce our classification system and describe 
each surgical strategies and techniques accord-
ing to the classification. General rules of the sur-
gery will be described in the text, and specific 
examples of surgical cases will be presented in 
the figures.

11.2  Brief Overview 
of Epidemiology, Pathology, 
and Clinical Characteristics 
of Spinal Schwannoma

The annual incidence of spinal schwannoma 
has been estimated to be 0.3–0.5 per 100,000 
[2, 22]. There is no sexual predilection, with a 
peak incidence in the fourth and fifth decade of 
life [2, 8]. It is uncommon in very young or old 
patients. However, it may become symptomatic 
at all ages [8, 22]. Along the longitudinal axis 
of the spine, they can occur anywhere. Location 
predilection differs between reports in the lit-
erature [21]. Most schwannomas occur sporadi-
cally. Only in about 3%–4% of cases, they occur 
in conjunction with a genetic disease such as 
neurofibromatosis type 2 or schwannomatosis 
[6, 14, 25].

Spinal schwannomas are benign neoplasms. 
They originate from Schwann cell  progenitors 
[25]. Most of them are firm, encapsulated 
masses which arise from a single nerve axon, 
displacing other uninvolved nerve fibers as they 
grow [9]. The nerve fascicle of origin is usually 
non-functional [10]. Histologically, these lesions 
are characterized by compact, cellular Antoni 
A areas alternating with less cellular Antoni B 
areas [9, 22, 28]. Mitotic figures are sparse [22].

filled with the cerebrospinal fluid (CSF) and 
it extends from the cranium to the S2 level of 
the spinal canal. Grossly, three kinds of struc-
tures are present in this space: the spinal nerve 
roots, ligaments such as the dentate ligaments 
and the filum terminale, and vessels such as the 
spinal arteries and veins. Common tumors that 
occur in the intradural sub-arachnoidal space are 
nerve sheath tumors such as schwannomas and 
neurofibromas, and ependymomas at the filum 
terminale [9]. Vascular origin tumors such as 
hemangioblastomas will not be discussed in this 
chapter, since the spinal arteries and veins run 
on the surface of the spinal cord, and the subject 
of the pial-extrapial lesions will be handled in 
Chap. 12.

For convenience, we are going to discuss sur-
gical strategies and techniques of the intradural 
sub-arachnoidal pathologies focused on schwan-
nomas. There are some reasons why we chose 
the schwannoma for the representative pathol-
ogy. Most of all, a schwannoma is the most 
common pathology we encounter in daily prac-
tice. Second, due to their pathogenetic proper-
ties, most of them could be removed completely 
by proper surgical techniques, and with little 
adjustments, these techniques could be success-
fully applied to other intradural sub-arachnoidal 
pathologies. Third, schwannomas could also 
arise or extend beyond the spinal canal, and this 
usually complicates surgery plan. In compari-
son to other pathologies, schwannomas require 
more careful planning especially regarding 
surgical approaches. We thought that covering 
more complex subject with detailed explanation 
would be reasonable.

Some people might point out that the intra-
dural sub-arachnoid space is limited within the 
spinal canal, and a pathology beyond the spi-
nal canal should not be included in this chap-
ter. However, the pathological concepts used 
in the schwannoma surgery are similar regard-
less of their location. An idea that suppose all 
schwannomas are actually located in the intra-
dural  sub-arachnoidal space is quite useful in 
planning the surgery. It is because this concept 
clearly guides us which and how many mem-
branes should be opened, how to find a space or 
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Common presentations of spinal schwan-
nomas are local pain, either radiculopathy or 
axial pain, and focal neurologic deficits or signs, 
either attributable to functional loss of involved 
nerve root or compression of adjacent neural 
structures [9, 22, 25]. Myelopathy due to spinal 
cord compression or cauda equina syndrome by 
chronic compression is possible. Unusual mani-
festations such as subarachnoid hemorrhage, 
hydrocephalus, and syrinx formation have been 
reported in the literature [11, 17, 20].

Considering their benign nature and favora-
ble prognosis, treatment decision should be 
made carefully. Usually symptomatic lesions 
are considered for treatment. In cases of 
 non-symptomatic lesions, weighing risks and 
benefits of the treatment should be preceded 
before making treatment decision. The golden 
standard of schwannoma treatment has been 
gross total removal of the tumor with preserv-
ing adjacent neural structures as much as possi-
ble [22, 23, 25, 28]. Reported surgical outcomes 
have been mostly favorable [2, 4, 5, 8, 10, 16, 
22, 23, 25, 28].

11.3  Strategy of Surgical Treatment

11.3.1  Classification

The clinico-radiologic features of spinal 
schwannomas are diverse. It is believed that 
most of intradural schwannomas arise from the 
Obersteiner-Redlich zone, where the transition 
from oligodendrocytes to Schwann cells hap-
pens [9]. These tumors, being located at the clas-
sic intradural sub-arachnoidal space, are usually 
small and round-shaped, and tend to be confined 
at the spinal canal when they are initially found. 
However, we quiet often meet patients with spi-
nal schwannomas of various locations, sizes, and 
shapes. Many of them are not confined at the 
spinal canal. They extend to the paravertebral 
space. Anatomical barriers such as the dura mat-
ter or the neural foramen, or other bony struc-
tures often limit their growth, and often form 
the tumors into various dumbbell or hourglass 

shapes. Sometimes these slow-growing tumors 
penetrate and invade bony structures, presenting 
more varieties in sizes and shapes. Although it is 
out of scope of this chapter, schwannomas may 
be found at very unusual locations, such as the 
intramedullary spinal cord where no Schwann 
cells are known to be present [13].

Because of their diversity in presentation, 
clinicians had difficulties in treating these 
tumors in a considerable proportion of cases. 
Historically, efforts to classify spinal schwanno-
mas had taken place to understand these compli-
cated tumors better and to seek the standardized 
treatment. Before introducing our classification 
system, it would be helpful to briefly review 
the suggested classification systems of spinal 
schwannomas in the literature.

Eden’s classification [3] might be the 
first widely used classification system for 
 dumbbell-shaped tumors—mostly nerve sheath 
tumors—of the spine. By classifying the dumb-
bell-shaped spinal tumors, he tried to focus on 
understanding their main pathological types, 
and details of anatomical correlation related to 
clinical symptoms and surgical treatments. The 
ultimate goal of this classification system is to 
improve patient care, but an ideal classification 
system should provide an appropriate treatment 
guideline incorporated with its precise outcome. 
In this point of view, Eden’s pioneering work 
was not satisfactory.

Earlier, advances in imaging modalities such 
as computed tomography (CT) and magnetic 
resonance imaging (MRI) and evaluating tumors 
of the spine were limited. Meaningful classi-
fication of spinal schwannomas which would 
guide a proper surgical strategy emerged after 
1990s when MRI used in the diagnosis of spi-
nal pathology was generalized. McCormick’s 
classification [15], which was one of the early 
proposed system, was designed to guide surgical 
strategies for paraspinal and  dumbbell-shaped 
spinal pathologies. It was simple and easy 
to follow. Limitations were also clear. It was 
based on various spinal pathologies, including 
not only primary but also metastatic tumors. 
Together with small number of patients included 
in the study, his classification failed to show the 
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of spinal schwannomas were mostly based on 
anatomical locations. Therefore, terms such as 
intradural, epidural, foraminal, dumbbell, and 
extra-spinal were used. However, usefulness 
of subdividing the tumors into more detailed, 
specific categories according to the anatomi-
cal locations is under question. In the following 
section, we will divide spinal schwannomas into 
just three categories—pre-ganglionic, gangli-
onic, and post-ganglionic—according to their 
nerve root origin (Fig. 11.1). With this simple 
classification, we are going to discuss the ana-
tomical considerations for schwannoma sur-
gery, and the appropriate surgical planning and 
approach for each tumor category.

11.3.2  General Principles 
and Anatomical Considerations 
in Schwannoma Surgery

Schwannoma arises from a single Schwann cell. 
It involves one nerve axon, and it slowly grows 
pushing away other nerve fibers and fascicles 
near it. Theoretically, it is possible to remove 
only the tumor without sacrificing its neighbor-
ing nerve fibers. By meticulous microdissection 
between the tumor and other functional nerve 
fibers, we can minimize any neurologic defi-
cits which a patient might experience after the 

consistent and reliable prognosis between the 
groups.

In early 2000s, more detailed classifica-
tions were proposed according to size, shape, 
and extent of the tumor [1, 8, 24]. It seems that 
they tried to subclassify every possible shapes 
of nerve sheath tumors that could be found 
in spinal MRIs. As much as nine divided cat-
egories were observed [1]. Considering limited 
prognosis data of the nerve sheath tumors in 
accordance to their various sizes, locations, and 
shapes, it was reasonable to classify the tumors 
in very detailed way. However, the later pro-
posed classifications simplified their categories 
again as accumulation of the treatment outcome 
data increased [18, 25]. The biggest change in 
these classification systems was that subcat-
egorizing giant schwannomas and extending to 
 extra-spinal spaces became less significant. It 
was because the reported surgical outcomes of 
these tumors had been generally good and dif-
ferences between the groups were not significant 
[1, 7, 12, 19, 28]. We presume that this led to 
decrease in the needs for a highly sophisticated 
and detailed classification system.

In summary, spinal schwannomas present 
various clinico-radiologic and pathologic fea-
tures. To discuss the surgical strategy, using of 
a suitable classification for this varied tumor 
would be helpful. The proposed classifications 

Fig. 11.1  Schematic drawing of schwannoma types in axial and coronal plane according to our classification system



10311 How to Approach Anatomical Compartment …

and the perineurium to directly access a gangli-
onic or post-ganglionic schwannoma and sepa-
rate it from normally functioning nerve fibers. 
Histologically, the perineurium is a loose con-
nective tissue, and it provides relatively clear 
dissection plane between the fascicles. In addi-
tion, it contains a small amount of CSF-like 
tissue fluid. Although it is a potential space 
which is much different from the CSF-filled 
 sub-arachnoid space, this provides an excellent 
surgical plane to dissect the tumor.

Surgical techniques to remove spinal schwan-
nomas should be similar regardless of their 
types. How to approach the tumor should be the 
most concerning problem. Anatomical relation-
ships of the spine or the vital structures such as 
great vessels, heart, or other solid organs, often 
limit proper access to and exposure of the tumor. 
If necessary, multiple route and/or staged opera-
tion should be considered. In cases of giant spi-
nal schwannomas, intentional partial resection 
can be a reasonable option if total removal of the 
tumor is not possible.

11.3.3  Surgical Strategies

11.3.3.1  Pre-ganglionic Type

This is the most common type of the three [8, 
25]. As we described in the previous section, 
this type of tumor is small and is usually con-
fined in the intradural sub-arachnoidal space 
when initially found. As most of slow-growing, 
benign tumors do, schwannomas tend to grow 
in direction to less crowded space where no 
anatomical barriers resist. Because of laterally 
located barriers such as dura and spinal bony 
structures like pedicles and facets, they grow 
rather in the sagittal or medial direction than 
the lateral. The spinal cord or the cauda equina 
is compressed and the patient becomes sympto-
matic much earlier than other two types.

In some cases, epidural extension over the 
spinal dura mater may present. Compared to 
the main mass, this extension is usually small 
in volume. Additional approach from outside of 

operation. Therefore, the goal of schwannoma 
surgery should be focused on not only curative 
resection of the tumor, but also saving adjacent 
functional neural tissues as much as possible.

In cases of schwannomas located in the intra-
dural sub-arachnoidal space (the  pre-ganglionic 
type), the tumor mass and the involved nerve 
fascicle can be easily identified. Most of the 
tumors are found as a well-encapsulated mass 
hanging from its originated nerve root. Adhesion 
with other neural tissues such as the spinal 
cord is scarce and that en bloc resection can be 
achieved without much effort after freeing the 
tumor from its originated nerve root. On the 
other hand, schwannomas located at the spi-
nal nerve roots (the ganglionic, post-ganglionic 
types) are not easy to readily discern from other 
neural tissues. When we initially encounter the 
tumor during the operation, what we see is only 
an enlarged nerve root containing the tumor 
inside. Mistakes such as removing the whole 
involved nerve root and not only the tumor but 
also functioning nerve fibers often happen.

Schwannomas of these two locations appear 
to be pathologically different from each other. 
However, they share common anatomical char-
acteristics that could be applied to the surgery. 
In the spinal root, a nerve axon is enclosed with 
endoneurium. A group of axons form a fascicle, 
and it is covered by a coarse connective tissue 
which is called perineurium. A nerve root is 
comprised of several fascicles, and it is bound 
by a fibrous connective tissue, epineurium. In 
the intradural sub-arachnoidal space, a nerve 
root is formed by one or two more fascicles. 
Several roots from dorsal and ventral sides of 
the spinal cord bound together and form a spinal 
root as they exit the dura.

Extension of the spinal dura passing later-
ally around the spinal nerve roots forms dural 
root sleeves and continues with the epineurium 
of the spinal nerves [8]. Simply think that the 
endoneurium extends from the pia matter, and 
the perineurium extends from the arachnoid 
membrane. To remove a pre-ganglionic-type 
schwannoma, we have to open the dura and the 
arachnoid membrane consecutively to reach the 
tumor. Similarly, we should open the epineurium 
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Figure 11.2 illustrates a typical 
 pre-ganglionic-type schwannoma surgery.

(a) The patient is placed in prone position. 
Make sure that the surgical site is on the 
top, and the patient’s abdomen is not com-
pressed anywhere by the positioning. 
Intraoperative neurophysiologic monitoring 
is so helpful that we recommend its routine 
use in the spinal schwannoma surgery.

(b) Midline skin incision is made. Back muscles 
meticulously dissected from the spine. Do 
laminotomies. The bony opening should be 
large enough to expose the tumor entirely.

(c) Open the dura in midline longitudinally. 
For easier exposure, a paramedian incision 
toward the tumor can be adopted. Open the 
arachnoid membrane, and tag it to the dura. 

the dura is mostly unnecessary. If a volume of 
the epidural extension is similar or even larger 
than the intradural mass, it may not be the 
 pre-ganglionic type but the ganglionic type. In 
this case, the approach should be started extra-
durally first. What looks like the intradural mass 
on MRI might be actually located at the epi-
dural space, pushing the dura and the spinal cord 
medially.

Posterior midline approach with laminot-
omy would suffice for the pre-ganglionic-type 
schwannoma. Descriptions below are our surgi-
cal routine in this type of tumor. Some authors 
reported good surgical outcomes by mini-
mally invasive surgery (MIS) techniques [26]. 
However, we think MIS techniques in the spinal 
tumor surgery should be tailored to individual 
cases, not recommended in general.

(A)

(B)

(C)

(D)

(E)

(F)

(G)

Fig. 11.2  A pre-ganglionic-type schwannoma. a, b MRI 
shows an intradural extramedullary tumor of heterogeneous 
signal on T2 weighted images. Its extent is near two verte-
bral segments on sagittal plane, but it is confined in the spi-
nal canal. c After opening the dura, the tumor is seen under 
the arachnoid membrane. d Attached nerve roots (white 

arrowheads) should be carefully dissected away from the 
tumor. Unless their fascicles are involved by the tumor, this 
procedure should not be a trouble. e Identify the tumor ori-
gin, and disconnecting the tumor from its originated nerve 
root would end the surgery. f Intraoperative photo and g 
gross pathology photo of the removed tumor mass are shown
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it out. During the tumor removal, always be 
cautious not to insult the spinal cord.

(f) Repair the arachnoid membrane, and close 
the dura watertightly. The removed lamina 
bones are reattached with lamina screws 
[27]. Close the wound layer-by-layer. 
Drains are usually not required.

11.3.3.2  Ganglionic Type
This type of schwannoma is located at the neural 
foramen. Surrounding bony structures limit the 
growth such that it grows in either one or both 
the directions toward the spinal canal and the 
extra-foraminal space. Dumbbell or  hour-glass 
shapes are common in this type. Extension 
to inside of the spinal dura is also commonly 
found [1, 8, 18]. However, we recommend to 
approach the tumor outside of the spinal dura 

Repairing it after the tumor removal might 
decrease the chance of postoperative com-
plications such as arachnoiditis.

(d) Find the tumor, and its originating nerve 
root. Dissect every root adhering to the 
tumor. Other than the originating root, dis-
section should not be difficult. Dissect every 
nerve fascicles which could be saved from 
the originating root. Stimulate the remaining 
fascicles to check whether it is functional or 
not. As described in the previous section, the 
involved nerve root is mostly non-functional. 
Cut the last remaining fascicles, and remove 
the tumor with them.

(e) If the size of the tumor is large then it cannot 
be removed by en bloc fashion, so decrease 
the tumor volume first by internal debulking 
using an ultrasonic aspirator, and then take 

(A)

(B)

(C)

(D)

(E)

(F)

(G)

Fig. 11.3  A ganglionic-type schwannoma. a, b 
T2-weighted MRI shows a heterogeneous extradural 
mass located at a left neural foramen of the thoracic 
spine. Widening of the foramen is observed. c Lamina 
bone was partially removed to expose the tumor (white 
arrow heads). Full extent of exposure is not always nec-
essary. In consideration of the spinal stability, bony 
removal of the spine should be carefully planned. d After 

making incision on the epineurium along the root (direc-
tion by white arrows), glassy tumor mass appears (white 
asterisk). Clear tissue fluid between the perineurium and 
the tumor helps to find the dissection plane. e By follow-
ing the proper dissection plane, the tumor could be dis-
sected from other nerve tissues without much difficulty. 
f The tumor origin (white arrowhead) is identified. g 
Intraoperative photo after the tumor removal is shown
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Posterior approach usually suffices. However, 
a combined approach should be considered when 
a tumor grows beyond the anterior vertebral 
body and/or far laterally. Resecting the whole 
involved nerve root should be avoided. After 
opening the epineurium, finding the dissection 
plane which is located under the perineurium of 
the involved nerve fascicle is the most important 
step for successful surgery. An easy and success-
ful strategy to find this plane is approaching the 
most bulged spot, where the distance between 
the epineurium and the tumor is the shortest. It is 
also a safe way since there are minimal chances 
for normal functioning nerve fibers present on 
this short way to the tumor.

first. Tumors at the extradural location are most 
frequent [18]. Also the intradural portion of the 
tumor could be removed from the outside of the 
spinal dura in many times. Consider the intra-
dural exploration when the size of the intradural 
portion is too big or concerns of damage to the 
spinal cord are present.

To properly expose the tumor, violation of 
the facet joint is often inevitable. If the bony 
removal makes the spine unstable, instrumen-
tation should be considered. However, in some 
cases like shown in Fig. 11.3, the tumor could 
be removed not causing the spinal instability. 
Therefore, careful surgical planning before the 
operation is mandatory.

(A)

(B)

(C)

(D)

(E)

(F)

(G)

(H)

(I)

Fig. 11.4  A ganglionic-type schwannoma. a, b MRI 
shows a heterogeneous, contrast-enhanced extradural 
mass extending from the neural foramen to the extra-
spinal pleural cavity. Thinking a combined approach in 
mind, we decided to perform the extra-spinal approach 
using thoracoscopy. c Entering the pleural cavity, the 
protruded tumor mass (white asterisk) is observed. Lung 
at the left lower corner, and diaphragm at the right lower 
corner is also seen. d, e After incising the epineurium, 

dissect the tumor from other neural tissues circumferen-
tially. Keeping in mind not to lose the dissection plane 
formed between the perineurium and the tumor, tumor is 
removed in piecemeal fashion. f The proximal tumor ori-
gin (white arrow) is revealed after mass removal of the 
extra-spinal tumor. The white asterisk is marked at the 
neural foramen. g The distal origin (white arrow) is iden-
tified and removed. h Intraoperative photo and i gross 
pathology photo after the tumor removal are shown
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covering the involved fascicle and the 
endoneurium encapsulating the tumor. The 
surgical window is small for en bloc resec-
tion in most of cases. Piecemeal resection is 
acceptable unless not losing the dissection 
plane.

(e) After the complete removal, look for 
the origin sites, and make sure there are 
no remaining tumor. If the tumor was 
removed in piecemeal fashion, bleeding 
might be profuse, but usually controllable. 
Meticulous bleeding control after the tumor 
removal is mandatory.

(f) If necessary, do the intradural exploration. 
Surgical techniques in this procedure would 
be the same as that of the pre-ganglionic 
types.

(g) Repair the epineurium and/or the dura. 
Complete spinal instrumentations if the 
spine is unstable after the surgery. If the 
 extra-spinal portion is left, consider a com-
bined approach.

11.3.3.3  Post-ganglionic Type
Schwannomas of this type are similar in patho-
logic form to those which arise from peripheral 
nerves of other body parts. However, surgeries 
of this type of spinal schwannomas are quite 
challenging. It is mainly because this type of 
tumors is deeply seated in the body such as the 
pleural or the retroperitoneal space, and vital 
structures and organs are often block the surgi-
cal corridor. Therefore, how to approach the 
tumor is the most important factor for a success-
ful surgery in the post-ganglionic schwannomas.

Approaches should be decided on where the 
most extraspinal portion of the tumor is located. 
Because the neural foramen works as the ana-
tomical barrier, most of post-ganglionic ori-
gin schwannomas outgrow to the  extra-spinal 
space (Figs. 11.5 and 11.6). Normally, the spi-
nal nerves are located juxta to the spine. In 
addition, the spine locates at the center of the 
body. This means that approaching to the tumor 
 out-to-in direction naturally leads us to the safe 
spot where no functioning normal nerve fib-
ers are present. Exploring the spinal canal is 
mostly unnecessary. Posterior approach is only 

Figures 11.3 and 11.4 illustrate our surgi-
cal procedures for the ganglionic-type schwan-
nomas. Compared to the pre-ganglionic type, 
the ganglionic types present more wide range 
of anatomical and morphological variations. 
Therefore, surgeons should adjust the surgi-
cal procedures properly to suit their individual 
cases.

(a) Patient position and preoperative prepara-
tions are similar to those of the pre-gangli-
onic type. With very few exceptional cases, 
select posterior approach at first.

(b) After muscle dissection, remove the pos-
terior spinal bone enough to expose the 
involved nerve root. A schwannoma 
grows along the involved nerve fascicle. 
But basically they expand, pushing away 
neighboring neural tissues. Even if the sur-
gical window is relatively small, complete 
removal can be achieved by pulling the 
tumor in conjunction with sharp dissec-
tion following the proper surgical plane. 
Therefore, the extent of bony removal 
should be carefully planned beforehand. If 
the spinal stability after this exposing pro-
cedure is in question, spinal instrumenta-
tions should be considered.

(c) Identify the root involved by the tumor. 
Make incision on the epineurium along 
the root. Choosing the most bulged area, 
the tumor encapsulated with endoneurium 
would readily show itself. If any nerve roots 
appear to run at the incision site, it is better 
to find other site to bypass them. However, 
if it is not possible to avoid, then use stimu-
lator to check whether they have any motor 
functions. Based on this stimulation result, 
decision should be made whether to try a 
completely different approach or to sacrifice 
them and proceed.

(d) The tumor surface is glassy, similar to 
the pre-ganglionic type of schwannoma 
(Fig. 11.3d). A small amount of CSF-like 
fluid is usually present on its surface. The 
tumor and the surrounding neural tissues 
should be easily dissected. This dissecting 
plane is the space between the perineurium 
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the tumor mass covered by the endoneurium 
should be exposed. Keeping the dissection 
plane, the tumor can be removed minimiz-
ing the damage to adjacent normal function-
ing nerve fibers. Identify the nerve fascicle of 
tumor origin, and the proximal and the distal 
ends should be identified and cut.

(c) After the removal, look for any remaining 
tumor mass at the nerve origin. Do meticu-
lous bleeding control. Unlike other two types, 
repairing the opened epineurium is often not 
necessary due to very low risk of CSF leak-
age. Repair the wound layer-by-layer in 
reverse order.

11.4  Conclusion

Several pathologies may arise in the intradural 
sub-arachnoidal space. The most common neo-
plasm in this space is nerve-sheath tumors, 
especially schwannomas. Schwannomas can 

considered when the extra-spinal tumor grows to 
dorsal direction. (Fig. 11.6).

Any surgical instruments can be adopted if 
they are feasible for the surgery. Tumors in pleu-
ral space can be removed under thoracoscope 
(Fig. 11.4). Laparoscopic or robotic devices 
could also be used in tumors in the abdominal 
and pelvic cavities. Once approaching to the 
tumor is done, surgical technique to isolate and 
remove the tumor is similar to those of the gan-
glionic type of schwannomas.

(a) Patient position should be tailored to the 
surgical plan made preoperatively. As pre-
viously mentioned, any surgical instrument 
can be used. Other preoperative prepara-
tions are similar to those of the surgeries of 
 pre-ganglionic and ganglionic schwannomas.

(b) Encountering the tumor, make incision on the 
epineurium. In most cases, the rendezvous 
location is where the most bulged spot of the 
nerve root is involved. Without much efforts, 

(A)

(B)

(C)

(D)

(E)

(F)

(G)

Fig. 11.5  A post-ganglionic-type schwannoma. a, b MRI 
shows a round shape extra-spinal mass which has a heter-
ogenous T2 weighted signal intensity. It is located inside of 
the left psoas muscle. c Strip the psoas muscle away and 
expose the tumor. By using a nerve stimulator, identify any 
functioning nerve root (white arrowheads) at risk of injury. 

d Incise the epineurium and find the dissection plane (white 
arrowheads). Be careful not to damage any identified func-
tional roots beforehand. e, f Circumferential dissection 
following the plane is performed and remove the tumor 
totally. g Intraoperative photo after the tumor removal 
(white asterisk—the site of tumor removal) is shown
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long-term outcome of 179 consecutively operated 
cases and review of the literature. Surg Neurol. 
2004;61:34–43; discussion 44.

 3. Eden K. The dumb-bell tumours of the spine. BJS. 
1941;28:549–70.

 4. Fehlings MG, Nater A, Zamorano JJ et al. Risk fac-
tors for recurrence of surgically treated conventional 
spinal schwannomas: Analysis of 169 patients from 
a multicenter international database. Spine (Phila Pa 
1976). 2016;41:390–8.

 5. Halvorsen CM, Ronning P, Hald J, et al. The 
 long-term outcome after resection of intraspinal 
nerve sheath tumors: Report of 131 consecutive 
cases. Neurosurgery. 2015;77:585–2; discussion 
592–583.

 6. Holland K, Kaye AH. Spinal tumors in 
 neurofibromatosis-2: management considerations—
A review. J Clin Neurosci: Off J Neurosurg Soc 
Australa. 2009;16:169–77.

 7. Jiang L, Lv Y, Liu XG et al. Results of surgical 
treatment of cervical dumbbell tumors: Surgical 
approach and development of an anatomic 

be classified into three types: pre-ganglionic, 
ganglionic, and post-ganglionic types. Only the 
pre-ganglionic type is located in the intradural 
sub-arachnoidal space according to its classic 
definition. However, by understanding the simi-
larity of pathologic and anatomical relationships 
among these three types, we can learn how to 
perform successful surgeries in treating the spi-
nal schwannomas.
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How to Approach 
Anatomical 
Compartment: Intradural 
Pial-Extrapial Tumor

Sung Hwan Hwang, Hyun Joo Park and Chun Kee Chung

Abstract
Spinal cord hemangioblastomas are benign, 
high vascular tumors and are considered 
intramedullary spinal tumors, but they 
are anatomically located in the pial-extra 

parenchymal and are considered exactly jux-
tamedullary tumors. The focus of the surgi-
cal procedure on this tumor is to perform a 
complete resection while preserving the sur-
rounding normal neural tissue. Most authors 
believe that surgical procedures require cir-
cumferential coagulation around the tumor 
that has been advocated to control intraop-
erative bleeding. However, circumferential 
coagulation (CC) could not avoid the collat-
eral damage to the spinal cord tissue itself. 
Hence, instead of circumferential coagula-
tion, circumferential dissection with minimal 
use of coagulation (CD) has been applied to 
prevent unwanted damage to the spinal cord 
from coagulation. The efficacy and limita-
tions of digital subtraction angiography and 
embolization as a preoperative procedure 
should be considered. Efficacy of intraopera-
tive indocyanine green fluorescence angiogra-
phy is sufficient to replace digital subtraction 
angiography. Intraoperative neuromonitor-
ing is also necessary because the neurologi-
cal changes during surgery can be identified 
immediately.

Keywords
Hemangioblastoma · Pial-extrapial · Spinal 
cord tumor · Intraoperative indocyanine green 
fluorescence angiography · Intraoperative 
neuromonitoring · Circumferential dissection
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spinal cord [5−7]. Spinal cord hemangioblasto-
mas are more accurately considered juxtamed-
ullary tumors because they arise from the pia in 
the vast majority of cases [8]. The surface pres-
entation and pial origin of spinal cord tumors 
provide the fundamental basis of the surgical 
resection strategy and technique.

12.2  Pathogenesis

Hemangioblastomas can occur sporadically or 
in conjunction with Von Hippel Lindau (VHL). 
In both types, the pathogenesis is due to inac-
tivation of the VHL tumor suppressor gene 
located on chromosome 3p [9]. The typical spi-
nal cord hemangioblastoma usually enlarges 
the cord, is well demarcated, and consists of 
a highly vascular nodule with an associated 
cyst; leptomeningeal vessels are prominent. 
Histologically, these tumors are composed of an 
intricate vascular network of irregular and often 
dilated capillaries with intervening stromal cells. 
These stromal cells can produce erythropoi-
etin, resulting in erythrocytosis. Erythropoietin 
and vascular endothelial growth factor have 
also been shown to be upregulated and may 

12.1  Introduction

The spinal pia mater closely follows and 
encloses the curves of the spinal cord, and is 
attached to it through a connection to the ante-
rior fissure. The membrane in this area is 
thicker, more compact, and less vascular than 
the cranial pia mater, separated from the glia 
limitans by a subpial layer of collagen that con-
tinues with the collagen core of the dentate liga-
ments [1] (Fig. 12.1). The superficial vascular 
layer, or epipial tissue, consists of a dense net-
work of collagenous fibers run by superficial 
blood vessels. The deep avascular layer is a thin 
meshwork of reticular and elastic fibers adher-
ing to the glia limitans [2]. Between the two 
layers are spaces which exchange information 
with the subarachnoid cavity as well as blood 
vessels. In most current accounts the function of 
the pia mater is described as that of a scaffold 
for the vasculature of spinal cord parenchyma 
such as the anterior and posterior spinal arteries 
[3, 4]. Most of the spinal cord hemangioblasto-
mas are located under the pia mater of the spinal 
cord and are on the posterior part of the spinal 
cord, with a few cases on the ventral part of the 

Fig. 12.1  Ultrastructure of spinal leptomeninges. 
A fenestrated leptomeningeal cell layer is interposed 
between the arachnoid and the pia. The ligamentum den-
ticulatum is made of a collagen core continuous with 

the dura mater at its points of attachment and lined by a 
pial layer. Penetrating vessels dive into the parenchyma 
encased with their leptomeningeal sheath [1]
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contribute to the pathogenesis of hemangioblas-
tomas [10]. Additional comparative genomic 
hybridization has shown loss of chromosome 6, 
9, 18q and a gain of chromosome 19 [11–13].

12.3  Epidemiology

Spinal cord hemangioblastomas (SCH) are 
uncommon highly vascular neoplasm with a 
benign nature, and it constitutes 1.6%–6.4% 
of all spinal cord tumors [14, 15]. It is known 
to predominate in males and the mean age of 
symptom onset is the 4th decade of life [16−19]. 
Most hemangioblastomas appear sporadically. 
However, in approximately 25% of cases, they  
are associated with Von Hippel Lindau (VHL) 
disease. Surgery is curative in sporadic cases 
[17−19]. Imagama et al. reported that 84.6% 
of hemangioblastomas were intramedullary, 
11.5% were intramedullary + extramedullary, 
and 3.8% were extramedullary [20]. The tho-
racic spinal cord is the most frequently affected 
site, and the intramedullary location is the most 
common [16, 21–23]. In Lee DK et al. series, 
SCH represented 2% of all spinal cord tumors, 
6.8% of all intramedullary tumors, and 13.6% 
of all CNS hemangioblastomas. These inci-
dences are similar to those previously published. 
Males predominated (male:female = 11:3) and 
the mean age was also in the expected range 
(37.2 years). The intramedullary location was 
the most common (intramedullary:intradural-
extramedullary:extradural = 13:0:1). The pre-
dominance of the cervical location (cervical:th
oracic:multiple = 7:4:3) was different as com-
pared to the previous literature [15]. SCH typi-
cally follow an indolent course, and patients 
later present with neurological symptoms due 
to a slowly progressive mass effect [24]. The 
most commonly reported clinical manifestations 
of SCH are pain (50%–80%), sensory changes 
(39%–69%), and motor deficits (7%–40%) [17, 
19, 25–27]. And the earliest manifestation of 
sensory change is usually the impairment of pro-
prioception because the intramedullary tumor is 
almost always located in dorsal area of the spi-
nal cord [17, 18]. Several cases presenting with 
subarachnoid hemorrhage have been reported, 

although asymptomatic cases have been found 
[28−30].

12.4  Strategy of Surgical Treatment

Excessive intraoperative bleeding is the main 
reason to hinder complete resection of SCH, 
because it obscures the operative field lead-
ing to damage to surrounding tissues [23, 31]. 
Therefore, the minimization of intraoperative 
bleeding is critical in surgical resection and 
for the subsequent achievement of total resec-
tion. Complete removal of the tumor is the goal 
for treatment, and is strongly associated with 
improved functional outcomes [8, 15, 32–34].

Most of the authors recommend a digital 
subtraction angiography (DSA) prior to the 
operation and emphasized the need for a pre-
cise angiographic study to delineate the feeding 
arteries and draining veins associated with the 
hemangioblastomas [35]. Several authors have 
reported upon the preoperative embolization of 
hemangioblastoma [23, 36–38]. However, a risk 
of post-procedural edema or new neurologi-
cal deficit should be taken into consideration. 
In some cases, the preoperative embolization 
may complicate the following surgical proce-
dure because of the stiffness of the embolization 
material, which may render the dissection more 
difficult [39]. Furthermore, a few complications 
associated with the procedure such as an intra-
dural hemorrhage and an aggravation of hydro-
cephalus were also reported [36].

Some authors believe that intraoperative 
ultrasound (IOUS) is a sensitive intraoperative 
tool to guide the surgical approach and to give 
adequate information about the extent of the 
tumor as well as its morphology [40]. However, 
our experiences showed that while the surgical 
site was narrow, the ultrasound device was large 
and had problems with its use. There was also a 
problem that the sensitivity was not high.

In the surgery of spinal hemangioblastoma, 
several reports describe the usefulness of intra-
operative indocyanine green (ICG) fluorescence 
angiography [41–43]. This technique provides 
real-time information about the precise loca-
tion of the tumor lesion and the feeding arteries 
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A 22-year-old male patient complained of right 
hand grasp power weakness and right shoul-
der pain. His magnetic resonance (MR) 
images showed 3.4 cm-sized hypervascu-
lar avid enhancing mass at the intramedul-
lary region in the C2-3 level (Fig. 12.2). The 
patient underwent spinal cord tumor removal. 
Tumor was removed by circumferential dis-
section with minimal use of coagulation 
method.

Case 2. Cervicomedullary junction posterior 
approach, spinal cord backward (Video 2).

A 55-year-old female patient complained of 
right arm weakness and right hand tingling 
sensation. Her magnetic resonance (MR) 
images showed that 1 cm-sized hypervascular 
tumor staining at right side cervicomedullary 
junction (Fig. 12.3). Tumor was removed by 
circumferential dissection with minimal use 
of coagulation method.

Case 3. C4-5 level posterior approach, spinal 
cord backward (Video 3).

A 37-year-old male patient complained of right 
hand fine motor impairment and tingling sen-
sation. His magnetic resonance (MR) images 
showed 1.1 cm-sized hypervascular avid 
enhancing mass at the intramedullary region 
in the C4-5 level (Fig. 12.4). Tumor was 
removed by circumferential dissection with 
minimal use of coagulation method.

Case 4. L1-2 level posterior approach, spinal 
cord backward.

A 44-year-old female patient complained 
of both leg tingling sensation. Her mag-
netic resonance (MR) images showed that 
 1.4 cm-sized hypervascular avid enhancing 
mass at the intramedullary region in the L1-2 
level (Fig. 12.5). Tumor was removed by cir-
cumferential dissection with minimal use of 
coagulation method.

12.5  Conclusion

Preoperative embolization and intraopera-
tive ultrasound are not necessary for SCH sur-
gery, and intraoperative indocyanine green 

and draining veins, as well as additional feeding 
arteries that were not revealed by preoperative 
spinal angiography. Additionally, post-resection 
ICG videoangiography can be used to identify 
tumor removal in the slowing of blood vessel 
filling and identification of residual pathological 
blood vessels or tumors in most patients [41].

Neurophysiological monitoring is mandatory 
and the electrodes should be placed depending 
on the location of the lesion. Motor (MEP) and 
somatosensory evoked potentials (SSEP) are 
recorded throughout the surgery to provide feed-
back to the surgeon during spinal cord manipu-
lation. The baseline recording preoperative 
period should be performed to have a reference 
during surgical manipulation of the spinal cord.

Most authors have reported that tumoral 
capsule is coagulated using a fine bipolar for-
ceps with low intensities, respecting the venous 
drainage and attempting to avoid any bleeding 
[34]. This circumferential coagulation technique 
around the tumor has been advocated in order to 
control the intraoperative bleeding. SCH can be 
removed with circumferential dissection of the 
tumor–pial interface to devascularize and detach 
the tumor. Circumferential coagulation (CC) 
could not avoid the collateral damage to the spi-
nal cord tissue itself. Hence, instead of circum-
ferential coagulation, circumferential dissection 
with minimal use of coagulation (CD) has been 
applied to prevent unwanted damage to the spinal 
cord from coagulation. Pial vessels that cross the 
margin of the tumor at its junction with the pia 
mater are sharply divided to clearly expose the 
margin of the tumor at the pial surface. The plane 
of dissection is developed in a circumferen-
tial manner using microscissors, microforceps, 
and small cottonoid strips. If the collateral dam-
age to the spinal cord tissue itself can be reduced 
by this plane of dissection method, the sensory 
abnormality in patients after surgery may be 
reduced. Currently, after surgery in this way, there 
was no problem in removing the tumor with en 
bloc and improvement in functional deterioration.

Case review
Case 1. C2-3 level posterior approach, spinal 

cord backward (Video 1).
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Fig. 12.2  Preoperative magnetic resonance images 
(MRI) of the cervical spine revealed about 3.4 cm-sized 
hypervascular avid enhancing mass at the intramedullary 

region in the C2-3 level. Postoperative MRI showed that 
all the advanced tumors were removed and syrinx also 
improved
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Fig. 12.3  Preoperative magnetic resonance images 
(MRI) of the cervical spine revealed about 1 cm-
sized hypervascular tumor staining at the right side of 

cervicomedullary junction. Postoperative MRI showed 
that all the advanced tumors were removed and syrinx 
also improved
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Fig. 12.4  Preoperative magnetic resonance images 
(MRI) of the cervical spine revealed about 1.1 cm-sized 
hypervascular avid enhancing mass at the intramedullary 

region in the C4-5 level. Postoperative MRI showed that 
all the advanced tumors were removed
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Fig. 12.5  Preoperative magnetic resonance images (MRI) 
of the lumbar spine revealed about 1.4 cm-sized hyper-
vascular avid enhancing mass at the intramedullary region 
in the L1-2 level. Postoperative MRI showed that all the 

advanced tumors were removed. Preoperative and postop-
erative intraoperative fluorescence angiography provides 
real-time information about the precise location of the 
tumor lesion and the feeding arteries and draining veins
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fluorescence angiography and intraoperative 
neuromonitoring are helpful.

Circumferential dissection with minimal use 
of coagulation is helpful for developing tumor–
cord interface clearly and for providing a better 
functional outcome.
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How to Approach 
Anatomical 
Compartment; Intrapial 
Intra-axial Tumor

Woo Jin Choe and Chun Kee Chung

Abstract
Intramedullary spinal cord tumors can be sur-
gically removed through exact understanding 
of the anatomical location and an appropriate 
microsurgical technique. Proper myelotomy 
procedures are necessary for the safe and 
successful approach to the intra-axial tumors 
like astrocytoma. In the chapter, the authors 
describe several requisite guidelines to access 
intra-axial intramedullary lesion, while pre-
serving neurological functions of the spinal 
cord.

Keywords
Intramedullary ·  Intra-axial ·  
Myelotomy · Astrocytoma

13.1  Introduction

In the first half of the twentieth century, surgical 
treatment of intramedullary spinal cord tumor 
produced devastating outcomes. Since the intro-
duction of microsurgical techniques and with the 
aid of bipolar cautery/ultrasonic tissue aspira-
tor, the more aggressive tumor resection could 
be possible without inflicting injury to adjacent 
neural tissue. Technical advances have resulted 
in improved clinical outcome, while the morbid-
ity and mortality are reduced. Near-complete or 
complete surgical resection has been reported 
to have great results in case of tumors with 
clear cleavage margin [1–3]. In highly invasive 
tumors, radical resection is usually limited to 
minimize the neural damage in the spinal cord. 
However, several studies have demonstrated a 
better clinical outcome of surgical resection over 
minimal biopsy even in invasive lesions [4–6].

Therefore, we will discuss fundamental prin-
ciples to remove the lesion, while minimizing 
spinal cord injury in the surgical treatment of 
intramedullary tumors.
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location of tumor is the most important factor 
defining the myelotomy site and should be fig-
ured out by thorough interpretation of MR images 
and careful inspection in the operating field [1].

In case of tumors without prominent cleav-
age margins, it is better to stay in the tumor and 
dissection should be performed within the tumor 
margin to minimize damage to the spinal cord. 
Identifying the cephalic-caudal pole may be help-
ful in resecting as much tumors as possible [1–3].

13.2.2  Posterior Midline Myelotomy

Posterior midline myelotomy is a surgical 
approach to access the tumor via the dorsal (pos-
terior) median sulcus, which is preferred for most 
gliomas. The sulcus is located in the middle of 
the posterior lateral sulci on both sides. The ves-
sels branching from the midline dorsal medullary 
vein may be helpful in identifying the sulcus [2, 
16]. However, distortion and transformation of the 
normal anatomical structures can make the rec-
ognition of the midline difficult. In a large tumor, 
the spinal cord usually enlarged and rotated, and 
dorsal medial sulcus is hard to identify. Careful 
inspection of the arrangement of central veins 
on the surface of the posterior column helps to 
identify the surgical orientation. Checking the 
midpoint of bilateral DREZ is also useful in con-
firming the dorsal midline [2, 6, 10, 17].

13.2  Strategy of Surgical Treatment

13.2.1  General Considerations

The two main goals of the surgical interven-
tions are: (1) tumor removal while preserving or 
improving neurological status and (2) get a path-
ological diagnosis [1].

Laminectomy is usually limited to one spi-
nal level above and below the tumor. Ultrasound 
can be helpful in delineating tumor margin. 
Intramedullary tumors are usually hyperechoic 
in the solid portion and hypoechoic in the cystic 
or necrotic portion [7, 8]. When there is a risk of 
postoperative kyphotic deformity or instability, 
osteoplastic laminotomy (laminoplasty) or poste-
rior instrumentation could be considered [2, 9].

Atraumatic myelotomy with minimal dam-
age to the spinal cord can provide an appro-
priate corridor to a successful surgery [1–3]. 
The axial tumor location and plane according 
to intramedullary tumor pathology should be 
understood and inspected for adequate myelot-
omy (Fig. 13.1).

The traditional approach to intramedullary 
cord tumor is through a posterior midline sulcus, 
and the posterolateral approach using dorsal root 
entry zone (DREZ) is followed [10–13]. Direct 
transpial approach can be considered especially 
in vascular tumors such as hemangioblastoma or 
cavernous hemangioma [14, 15]. The exact axial 

Fig. 13.1  Schematic diagram of the axial locations and appearances of intramedullary spinal cord tumors. a Normal 
b Ependymoma c Astrocytoma   d Hemangioblastoma e intramedullary metastasis
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The posterior spinal veins do not need to 
be saved unless they are judged to play a criti-
cal role in the venous circulation. Indocyanine 
green videoangiography (iCg-Va) can be applied 
in identifying collateral venous circulation [18]. 
Small blood vessels crossing the midline on the 
dorsal surface of the spinal cord can be carefully 
coagulated using bipolar cautery [2]. The incision 
of posterior median septum is made with a dia-
mond arachnoid knife or microscissors, and then 
myelotomy is extended rostral or caudal over the 
length of the solid tumor. Pial strut sutures using 
#6–0 suture material may be made to facilitate for 
securing the operating field [1]. However, contro-
versy arises because this suture may increase the 
tension of the spinal cord and can cause damage 
to the functioning neural tissue [19].

The incision can be deepened until the 
tumor is identified. After the tumor is encoun-
tered, it is important to delineate the cleavage 
plane between the tumor and spinal cord using 
a microdissector. If tumor has cystic portion, 
drainage of the cyst at its poles is quite use-
ful in both decompression of the spinal cord 
and identifying the tumor margin [1]. At tumor 
margin, coagulation is performed on the sur-
face of the tumor and tissue is obtained for 
frozen biopsy. Further dissecting procedures 
are dependent on the presence of the cleavage 
margin and tumor size [19, 20]. If the tumor 
has an apparent dissection plane, fibrous and 
vascular attachments between the parenchyma 
and the tumor are meticulously divided using 
cautery from the dorsal to lateral portion of the 
tumor. In invasive tumors, tumor is removed 
from center to periphery of the tumor margins 
(inside-out techniques). If gliosis-associated or 
 hemosiderin-deposited tissue is encountered, 
it may be thought as a borderline between nor-
mal tissue and tumor and it is better to preserve 
those tissue [10, 20]. Larger tumors may require 
internal debulking with ultrasonic aspirator for 
better visualization of the lateral and ventral 
tumor margins.

After confirmation of the lateral margin, dis-
section can be carefully progressed to the ventral 
side. In large tumors, it is important to preserve 
ventral pia and not to damage the perforating 

arteries of the anterior spinal artery in the ventral 
portion, and indocyanine green videoangiogra-
phy (iCg-Va) can also be useful [18].

In dorsal midline approach with a large 
eccentrically located tumor, it must be kept in 
mind that dorsal median sulcus may be leant 
oblique, and is not perpendicular to dorsal sur-
face of the spinal cord (Fig. 13.1). Even though 
dorsal midline sulcus is correctly identified at 
cord surface, there are lots of possibilities dam-
aging dorsal columns and commissural fibers 
during the deepening procedure. Commissural 
circuits of interneurons of the spinal cord pro-
vide the coordination of both sides of the body, 
and ensure proper alternation or synchrony of 
muscle activities during the locomotion. They 
also transmit proprioceptive information to the 
cerebellum via spinocerebellar and cuneocer-
ebellar tracts [21, 22]. Therefore, despite careful 
dissection of dorsal midline sulcus, patients may 
complain of imbalance or discoordination after 
midline myelotomy.

13.2.3  Posterolateral Myelotomy

Posterolateral sulcus approach is the so-called 
dorsal root entry zone (DREZ) myelotomy [13, 
23, 24]. This approach may be indicated for 
tumors eccentrically located in spinal cord [17]. 
The basic procedure is the same as posterior 
midline approach. The incision is made using an 
arachnoid diamond knife or a microscissor along 
the ipsilateral posterolateral sulcus. The myel-
otomy site is just medial to the DREZ, while 
paying attention to the injury of the posterior 
spinal artery on the same side. The posterolat-
eral sulcus naturally leads to the posterolateral 
tract of Lissauer. After myelotomy is extended 
rostro-caudally, a careful microsurgical dissec-
tion is employed to establish the plane between 
the tumor and spinal cord. Internal debulking of 
the tumor with ultrasonic surgical aspirator and 
bipolar coagulation are often used to facilitate 
mobilization of the tumor and recognizing tumor 
margins [16, 25].

The advantage of this approach is to reduce 
the neurological symptoms associated with the 
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intramedullary tumor following ependymoma in 
adult. The vast majority of spinal cord astrocy-
tomas are of low-grade and the cervical spinal 
cord is the most frequently affected site [1, 3].

Spinal cord astrocytomas are infiltrating in 
nature and cleavage margin to normal function-
ing spinal cord is obscure. Astrocytomas tend to 
be physically heterogeneous with variable tumor 
color and consistency, and intra-tumoral cysts 
are commonly observed [2–4, 26]. They are usu-
ally eccentrically located from the center of the 
spinal cord, and their asymmetrical location can 
cause the rotation/distortion of cord and make 
the recognition of the dorsal median sulcus con-
fusing. Pilocytic astrocytomas in children can 
be clearly distinguished from surrounding tis-
sue, while fibrillary astrocytomas are similar 
in consistency and appearance to functioning 
spinal cord at the boundary [26, 27]. The tumor 
resection should proceed from the center to the 
periphery until the tumor demarcation becomes 
unclear or when changes of evoked potentials 
are noted [2].

In low-grade astrocytomas, the efficacy of 
radical resection is not confirmed and contro-
versial. Before surgery, the goal and the extent 
of the resection should be carefully planned 
[28]. Diffusion tensor MR imaging and fiber 
tractography is helpful in planning of (1) myel-
otomy site and approaching route and (2) extent 
of tumor removal. Also, this study is useful in 
predicting neurological prognosis after surgical 
procedure. Attempting total resection in fibril-
lary astrocytoma is deemed to be impossible 
due to its microscopically infiltrating charac-
teristics, and may be harmful [11]. There is no 
evidence that the radical resection can result in 
cure in low-grade tumors and change the natu-
ral history of intramedullary astrocytoma [1, 29, 
30]. But, McCormick et al. described that many 
 low-grade gliomas have boundary and amenable 
to resection [31].

The rare high-grade astrocytoma or glioblas-
toma has very poor prognosis and is not affected 
by the extent of the surgical intervention [1, 3]. 
They tend to recur early after resection, and 
other treatment options like radiotherapy/chem-
otherapy should be considered after conservative 

damage to the dorsal column, but the risk of 
neurological symptoms owing to lateral column 
injury may increase [13].

13.2.4  Direct Transpial Approach

This approach utilizes a direct incisional cor-
ridor at the site where lesion is identified in the 
surgical field. Vascular diseases such as heman-
gioblastoma or cavernous malformation are the 
main indications of this approach [14, 15]. Most 
hemangioblastomas arise from the dorsal spinal 
cord with apparent pial attachment. Also, glioma 
can grow exophytically to subarachnoid space 
through pial membrane. Various malignant neo-
plasm can infiltrate and replace surface spinal 
cord tissue and grow out to subarachnoid space.

In these instances, myelotomy may not 
be necessary and pial incision through the 
 tumor-spinal cord juncture can make tumor 
margin clear [3]. The pial attachment site can 
be used as a corridor with circumferential pial 
incision.

13.2.5  Closure

When the main procedure is completed, the 
pial strut sutures are removed after meticu-
lous hemostasis. The pial edges are sutured so 
that they can be approximated with each other. 
Exceptionally in direct transpial approach, pial 
sutures usually are not mandatory. The arach-
noid membrane may be closed with the dura 
mater using watertight suture. It is preferred to 
repair pia mater, arachnoid membrane, and dura 
mater separately in layer-by-layer pattern, if 
possible. Occasionally, expansile duroplasty is 
necessary if significant residual tumor was left 
[1, 2, 16].

13.2.6  Surgical Treatment 
of Astrocytoma

Astrocytomas are the most common intramed-
ullary tumors in children, and second common 
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unchanged (Fig. 13.4). The patient received 
additional radiotherapy and chemotherapy.

13.3.2  Case 2. Approach Through Right 
Dorsal Root Entry Zone

A 36-year-old female patient having a history of 
breast cancer presented with a Brown-Séquard 
syndrome. She had been receiving chemother-
apy for two years, but suffered from multiple 
systemic metastasis including brain. She com-
plained of weakness in the right hand and leg. 
Magnetic resonance (MR) images showed a 
2.3 × 1.3 × 1.0 cm-sized ovoid-shaped enhanc-
ing mass inside the spinal cord at the level of 
C5-6 vertebrae (Fig. 13.5). A myelotomy on 
dorsal root entry zone was made as it was the 
shortest route to the mass. Tumor demarca-
tion was partially unclear at the border and near 
total removal of the mass with decompression 
of the spinal cord was performed (Fig. 13.6). A 
metastatic adenocarcinoma was confirmed on 
histological study. After surgery, motor weak-
ness in the right hand and leg was improved and 
she could ambulate by herself. Postoperative 
MR showed marked decrease of tumor vol-
ume and peritumoral edema (Fig. 13.7). The 

surgery. Kim et al. reported that extent of resec-
tion did not influence the survival and the histo-
logical grade was the most significant predictor 
of prognosis in patients with astrocytoma of the 
spinal cord [32].

13.3  Case Illustrations

13.3.1  Case 1. Approach Through 
Posterior Midline Sulcus

A 17-year-old male patient presented with 
gait disturbance and paresthesia in the chest. 
Weakness in the right leg and voiding prob-
lem were noted. Magnetic resonance (MR) 
images showed an expansile swelling and dif-
fuse enhancing mass in the intramedullary spinal 
cord in upper thoracic spine (T3-5, Fig. 13.2). 
Posterior midline myelotomy was used to 
approach the mass. The tumor being infiltrative 
and the demarcation unclear, subtotal removal 
of the tumor and decompression of spinal cord 
with duroplasty were performed (Fig. 13.3). 
The pathological diagnosis was high-grade 
glioma consistent with anaplastic astrocytoma. 
After surgery, the tumor volume was slightly 
decreased, and the neurological status was 

Fig. 13.2  Case 1: Magnetic resonance (MR) images of the upper thoracic spine showed enlargement of the spinal 
cord and diffuse enhancing intramedullary tumor. The tumor demarcation was not clear
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Fig. 13.3  Case 1: Surgical approach was done through 
dorsal median sulcus (dotted line) on the swollen spinal 
cord. Midline was confirmed by checking both dorsal 
root entry zone (DREZ) and dorsal venous vasculature. 

Subtotal removal and decompression of spinal cord were 
performed using tumor forceps and Cavitron Ultrasonic 
Surgical Aspirator (CUSA)

Fig. 13.4  Case 1: A postoperative MRI showed slightly 
decreased tumor volume and decompression of the spi-
nal cord with duroplasty. The neurological status of the 

patient was not changed after surgery, and he received 
additional radiotherapy and chemotherapy
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Fig. 13.5  Case 2: A well-enhancing ovoid-shaped 
intramedullary mass was found by a cervical magnetic 
resonance (MR) study. The tumor was compressing the 

normal spinal cord and seems to have cleavage margin to 
neural tissue. Extensive peritumoral edema was observed 
from medulla to midthoracic spinal cord

Fig. 13.6  Case 2: A myelotomy was mad through dor-
sal root entry zone (dotted line) in the right side. The 
tumor was firm and yellowish and the cleavage line was 

partially unclear at the ventral and medial side. Near 
total removal of the tumor was performed
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How to Approach 
Anatomical 
Compartment; Intrapial 
Intra-Ependymal Tumor
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Abstract
Treatment of spinal ependymoma is still chal-
lenging because of a concern of postopera-
tive neurological deficit, which derived from 
its intramedullary location. Despite recent 
progression of adjuvant therapy, surgical 
resection is still a mainstay of the treatment, 
which can lead to an actual cure. To achieve 
successful surgical outcome minimizing 
the neurological deficits, the development 
and keeping the dissection plane throughout 

the tumor removal is the most important. 
Therefore, it is imperative to understand the 
anatomical relationship between the tumor 
and the surrounding tissues based on tumor 
origin. In this chapter, the authors suggest 
the concept of the intra-ependymal tumor, 
instead of the traditional intramedullary 
tumor for ependymoma based on the tumor 
origin and anatomical features. This concept 
may facilitate the development of the dissec-
tion plane and leads to the safe and effective 
removal of spinal ependymoma.

Keywords
Ependymoma · Intramedullary 
tumor · Ependymal layer · Central 
canal · Spinal cord · Tumor

14.1  Introduction

Ependymoma (WHO grade II) and anaplas-
tic ependymoma (WHO grade III) are grouped 
together with myxopaillary ependymoma (WHO 
grade I) and subependymoma (WHO grade I) 
representing ependymal neoplasm in the central 
nervous system because of their unique histo-
logical appearance in common [1]. However, 
these grade I ependymomas have distinct clini-
cal behavior, tumor biology, and genetic features 
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with a self-renewing multipotent cancer cell [6, 
7]. Interestingly, many of signature genes of 
ependymoma are significantly correlated with 
normally expressed genes in the developing 
central nervous system at embryonic period [6]. 
Furthermore, ependymoma in each compartment 
(supratentorial, infratentoral, and spinal) exhib-
its distinct subset of gene expression, and these 
differences of gene expression are often found 
at accordant region during normal development 
of the central nervous system; all the signature 
genes of spinal ependymoma were expressed 
in the wall of the developing spinal canal and 
the “ventrolateral” spinal cord [6]. This might 
explain why ependymoma is commonly fed by 
branches of anterior spinal artery and a cleav-
age plane often become obscure or adherent to 
anterior median septum at the ventral surface of 
tumor.

The authors suggest that the ependymomas 
need to be considered separately from other 
intramedullary tumors and re-categorized into 
“intradural intraependymal” tumor from the 
aforementioned developmental and anatomical 
perspectives.

14.1.1  Presentation

Including all the subtypes, ependymoma is the 
third most common spinal cord tumor following 
schwannoma and meningioma accounting for 
7.6%–23% of all spinal cord tumors. However, 
its annual incidence rate is known to be only 
0.09–1 per 100,000 person, which shows the 
rarity of the tumor [8–10]. According to the 
national SEER (Surveillance Epidemiology and 
End Results) database, grades II and III epend-
ymomas comprise up to 75% and 11% of all 
adult spinal ependymoma cases, respectively 
[11].

It is known to occur in any age group, but 
more than 50% of newly diagnosed ependymo-
mas occur in middle age group (40–59 years). 
There seems no significant sexual difference in 
incidence for both grades II and III ependymo-
mas [11].

compared to grade II or III ependymomas [2, 
3]. Myxopapillary ependymoma occurs almost 
exclusively in the region of conus medulla-
ris, cauda equina, and filum terminale, which 
belongs to sub-arachnoid epi-pial space accord-
ing to the authors’ concept. Subependymoma is 
a rare CNS tumor which is usually found in the 
floor of the fourth ventricles and on the lateral 
ventricle walls although it occurs in any com-
partment of central nervous system [4, 5]. In this 
regard, most of this chapter will focus on classi-
cal ependymoma (WHO grades II and III) of the 
spinal cord.

Ependymoma is the most common intramed-
ullary glial tumor which arises in the spinal cord 
in adults. However, unlike other intramedullary 
tumors, ependymoma is differentiated in that 
it has a more central location lined by ependy-
mal layer, and it is well demarcated from its 
surrounding neural tissues which allow the 
development of a dissection plane of ependy-
mal layer, which often lead to a complete resec-
tion without significant neurological problem 
(Fig. 14.1).

The origin of ependymoma has not been 
clearly specified yet. Traditionally, one of 
the primitive ependymal or subependymal 
cell around the ventricle or central canal has 
been thought to be a possible candidate. More 
recently, the radial glial cell has been suggested 
as the most potent candidate of tumor origin 
based on its similarity in immunophenotype 

Fig. 14.1  Schematic drawing depicting subependy-
mal space and cleavage plane between the cord and the 
ependymoma
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Ependymoma occurs more frequently in 
the cervical or cervicothoracic region, up to 
50%, despite the relatively small proportion 
of the segment [12–14]. Cyst or syringomy-
elia is often associated with ependymoma, and 
found in around two-thirds of cases [13, 15, 16]. 
Hemorrhage is also often found with epend-
ymoma, in more than 20% of cases and it could 
be located at either tumor poles or inside the 
tumor [13, 17].

Ependymoma has an indolent course in 
symptomatic progression, so that symptom 
duration before the diagnosis is usually pro-
longed, ranging from 2 to 4 years [14, 18, 19]. 
Symptoms could be variable according to the 
location and size of the tumor. The most com-
mon symptom is sensory change, particularly 
hypesthesia and dysethesia below the affected 
level, and it could develop early in disease pro-
gression [16, 18, 19]. Localized aching pain at 
the level of the tumor may occur in early period 
either [19]. Thoracic ependymoma is known to 
cause more significant neurological deficits than 
cervical ependymoma [16]. Gait ataxia, motor 
weakness, and sphincter dysfunction are more 
likely to happen with thoracic ependymoma. 
Although its central, intramedullary location 
of the ependymomas, classic central cord syn-
drome is not common, and the weakness usually 
develops asymmetrically in advanced state of 
the tumor [19, 20].

14.2  Treatment and Outcomes

Surgery is the mainstay of treatment for spinal 
ependymoma. Along with histological grade, the 
extent of surgical removal is known to be asso-
ciated with prolonged progression-free survival 
(PFS) and overall survival (OS). The role of 
adjuvant treatments for the management of spi-
nal ependymoma has not been well established 
in association with its rarity of the tumors.

Unlike infratentorial ependymoma in chil-
dren, in which its efficacy has been established 
[21], there have been conflicting results regard-
ing the role of radiotherapy for spinal epend-
ymomas [8, 22]. Although many investigators 

support the use of adjuvant radiotherapy for 
incompletely resected tumors, a recent study 
conducted by Oh et al. showed that the adju-
vant radiation therapy for incompletely resected 
tumor did not make the difference in the over-
all survival [23]. Therefore, adjuvant radiother-
apy is usually reserved and cautiously adopted 
in special circumstances; after the resection of 
“anaplastic” ependymoma, for a case of “unre-
sectable” remnant tumor after a “revision” sur-
gery, and for disseminated disease. We support 
a watchful waiting strategy for incompletely 
resected grade II ependymoma. Revision sur-
gery is usually tried if the remnant tumor 
progress.

The role of systemic therapy in the manage-
ment of ependymoma has not been well defined 
either. A single study reported a positive result 
with etoposide for the recurrent spinal epend-
ymoma once, but supporting evidence is lacking 
[24, 25]. Targeted agents like Imatinib, everoli-
mus, and bevacizumab has been tested for spi-
nal ependymomas, and some of them showed 
potential to be a therapeutic agent, especially for 
NF2-related ependymoma [26–28]. However, 
more evidence is required for the clinical 
application.

A recent analysis using national SEER data-
base reported that the 5-year and 10-year over-
all survivals were 94.7 and 85.1%, for the 
patients with grade II ependymoma and 58.2 
and 46.4% for those with grade III disease [29]. 
The reported progression-free survival rates 
were 87%–97.5% at 5 years and 80%–92.6% 
at 10 years [14, 16, 23, 30].  Oh et al. exe-
cuted a  meta-analysis pooling grades II and III 
 ependymomas and reported significantly better 
outcome in gross total resection (GTR) group; 
The 5-year PFS and OS were 97.9 and 98.8% 
for GTR group, 65.3 and 79.3% for subtotal 
resection with radiotherapy group, and 45.1 and 
73.7% for subtotal resection without radiother-
apy group [23]. In addition to GTR, histologic 
grade and patient’s age were often suggested as 
significant prognostic factors. The reported rate 
of GTR spans wide range (20%–86%), and the 
rate of GTR seems to be increasing over time 
due to development of microsurgical technique 
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[19]. Abdomen should fall freely to keep 
abdominal pressure low, so that excessive 
epidural bleeding can be prevented.

2. During laminectomy, be cautious not to vio-
late facet joints. Wide laminectomy does not 
necessary for ependymoma surgery because 
midline myelotomy is executed in most 
cases. Before the dura is opened, muscular 
and epidural bleeding should be meticulously 
controlled to prevent contamination of the 
surgical field with blood. The dura is opened 
in the midline and tented laterally. The arach-
noid is opened and also tented by suturing to 
the dural edges.

3. Once the spinal cord is exposed, dorsal cord 
surface should be carefully inspected to 
delineate dorsal midline septum for proper 
myelotomy to minimize dorsal column 
injury. As is well known, several anatomical 
landmarks are primarily utilized to estimate 
the posterior midline septum: (1) the course 
and location of the posterior spinal vein and 
its perforating branches exiting from the 
cord; (2) the midpoints between the right and 
left posterior spinal artery; and (3) the mid-
point of dorsal root entry zones at both sides. 
The spinal cord at the index level could be 
rotated or thinned with diminished anatomi-
cal characteristics, which may hinder the 
localization of the midline septum with ana-
tomical landmarks [19]. In that case, dor-
sal column mapping might be helpful [34]. 
Nevertheless, the importance of anatomical 
approaches is not diminished.

4. A standard midline myelotomy is performed 
through the posterior median septum. For 
pial incision, a sharp blade is recommended. 
The author prefers an ophthalmic knife with 
pointed tip. The myelotomy site is deep-
ened with micro-dissector until the tumor 
is exposed. The ependymoma is seen in 
purple-gray color and easily distinguish-
able from the normal cord tissue. Once the 
tumor is encountered, ependymal layer ought 
to be identified, since we should extend 
myelotomy under this layer in cranial and 
caudal direction with micro-dissector or 
micro-forceps. The myelotomy should be 
extended over entire length of tumor. If cyst 

and intraoperative neuromonitoring [14, 16, 
29–32]. Although GTR is a primary target of 
surgical treatment currently, however, general 
consensus is that aggressive removal may not be 
attempted when serious neurological deficit is 
likely to occur. This policy is worth to consider, 
given that ependymoma is a slowly growing 
tumor.

There is a concern of postoperative neurologi-
cal deficit because a myelotomy and manipulation 
of spinal cord are essential for surgical treatment. 
At immediate postoperative period, only about 
6% of patients exhibited improved neurologi-
cal function or symptoms [14]. Approximately 
40%–60% of patients experienced deterioration 
of neurological function or neuropathic pain in 
some degree at immediate postoperative period. 
However, these neurological decline tended to 
improve during follow-up, and finally approxi-
mately 70%–75% of surgically treated patient 
remained stable or improved at follow-up [14, 
16]. Permanent neurological decline was observed 
in 20%–27% of patients. Unfavorable functional 
outcome seems to be associated with preopera-
tive functional status, longstanding symptom, and 
location in the thoracic level regardless of surgi-
cal extent. Delayed neurological deterioration is 
related with tumor recurrence or progression of 
remnant tumor [14, 16].

There is little known about the natural history 
of ependymoma yet. Behmanesh et al. analyzed 
the outcomes of 12 patients with intramedul-
lary ependymoma who rejected treatment and 
suggested that wait and see strategy might be a 
viable option for intramedullary ependymomas 
[33]. However, given that preoperative neurolog-
ical function is closely related to postoperative 
functional outcome, the authors recommend not 
to delay surgical treatment, especially when any 
neurological deficit is accompanied at presenta-
tion [14].

14.3  Surgical Approach

1. A Mayfield skull clamp is utilized for cervi-
cal and upper thoracic lesions. Neck flex-
ion and head elevation (i.e., military prone) 
reduces the spinal curvature at these levels 
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criteria [36]. Therefore, dissection is usually 
continued as long as the parenchyma of the 
cord is not violated and the dissection plane 
is secured even when the MEP is decreased 
more than 50%. Also, there may be tonic 
EMG responses when we dissect around the 
anterior horn. It is a sign that we are in the 
anterior horn; hence utmost care should be 
taken to save the anterior horn left behind to 
the remaining normal cord tissue.

8. After removal of the tumor, closure of the 
myelotomy is performed using 8–0 nylon by 
suturing pia matter to prevent cord tethering 
which may be a potential cause of morbid-
ity in the postoperative period. (In case that 
only partial resection was achieved and cord 
swelling is present, closure of myelotomy 
site with pial suture might not be feasible. 
For those cases, care should be taken not 
to give too much pressure by pial suture.) 
Arachnoid membrane is also approximated, 
not very densely, with 8–0 nylon. For closure 
of durotomy, continuous, water-tight suture is 
preferred with 6–0 prolene. Patch graft is not 
required in most cases. Just before complet-
ing the dural closure, the dural sac is filled 
and inflated with normal saline injection to 
prevent epidural bleeding and intracranial 
hypotension.

9. Lamionoplasty is done for all spinal cord 
tumor cases. If spinal cord compression is a 
concern due to cord swelling, a lifted lami-
noplasty with miniplate is a viable option. 
A few investigator previously advocated 
that laminoplasty is not mandatory and it 
might not affect spinal kyphotic deforma-
tion in adults [19]. However, laminoplasty 
has several advantages other than prevent-
ing kyphotic deformity. First, it can provide 
anatomical barrier between muscular layer 
and dura. Unexpected cord compression by 
swollen muscles can be prevented with lami-
noplasty. Second, it can facilitate safe and 
effective approach in case a revision surgery 
is required. More importantly, we believe that 
the risk of CSF leakage could be decreased 
with laminoplasty. Open wound is closed 

is present at either proximal or distal end, it 
is opened and drained at this step. This cystic 
space may facilitate identification of ependy-
mal layer, providing a clear interface between 
the cord and the tumor.

5. Once the dorsal surface of tumor is exposed 
over the entire length, gentle dissection 
should be carried out. Not like intra-axial 
tumor, ependymoma exhibits quite clear dis-
section margin of ependymal layer despite 
the tumor is not encapsulated. Pial tenting 
could be applied at this point to enhance the 
dissection by applying retraction to the cord. 
However, this maneuver is not recommended 
as a routine procedure due to concerns that it 
may cause dorsal column dysfuction [35]. If 
dissection plane is not as clear as expected, 
intraoperative biopsy should be considered to 
rule out other intramedullary malignant neo-
plasms, which may necessitate to change the 
surgical objectives [19].

6. The basic technique of dissection is to apply 
traction force on the tumor against the cord 
tissue [19]. Micro-forceps, dissector, and 
 suction tip are used depending on the circum-
stances. On applying counter traction on the 
spinal cord, the use of cottonoid can prevent 
cord damage and facilitate the dissection. 
During the dissection, small vessels bridging 
into the tumor surface may be encountered. 
Those vessels need to be cauterized and cut, 
and dissection continues to the ventral side. 
Once either tumor pole is dissected and 
freed from the spinal cord, ventral dissection 
plane could be developed relatively easily 
by applying traction force to the tumor pole 
perpendicular to the long axis of the spinal 
cord [19]. Feeding vessels from the anterior 
spinal artery could be isolated and cauterized. 
Excessive traction may cause avulsion injury 
of anterior spinal artery which can cause 
anterior spinal cord syndrome.

7. During the dissection, motor-evoked poten-
tial (MEP) should be frequently checked 
while somatosensory evoked potential is 
continuously recorded. While MEP decline 
more than 50% is generally accepted as a 
warning sign, the authors prefer all-or-none 
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Her magnetic resonance (MRI) images revealed 
1.5 × 0.8 × 0.8 cm-sized intramedullary lesion 
at T10 level (Fig. 14.2). There was no hemor-
rhage or syrinx found. The patient underwent 
surgical resection and en-bloc tumor removal 
could be achieved. The paresthesia symptom did 
not change, though any additional deterioration 
did not occur after the surgery. The tumor was 
pathologically diagnosed with grade II epend-
ymoma. Note the several bridging vessels cross-
ing the surface of the tumor and how to deal 
with it during tumor dissection.

layer by layer without any suction drainage 
insertion [37].

14.4  Case Review

14.4.1  Case 1. (Video 1)

A 45-year-old male patient visited outpatient 
clinic complaining of paresthesia in both lower 
extremities. The symptom started 18 months 
ago, and aggravated 6 months prior to the visit. 

Fig. 14.2  a Preoperative magnetic resonance (MR) 
images of a 45-year-old patient presenting with 
paresthesia in lower extremities. A 1.5 cm-sized, 

well-circumscribed mass lesion is seen at T10 level. b 
Postoperative 1-year follow-up MR images
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develop dissection plane and manage adhesion 
between the tumor and the spinal cord.

14.4.3  Case 3 (Video 3)

A 67-year-old female patient presented with 
paresthesia and cold sensation which started 
2 years back and progressively spreading from 
both legs to upper body. On presentation, the 
patient exhibited mild dysfunction in proprio-
ception and fine motor of hands. MR images 
revealed an intramedullary mass extending from 
C4 to T2 with accompanied syrinx at cephalad 
and caudal ends (Fig. 14.4). With impression of 
ependymoma, the surgery was performed and 

14.4.2  Case 2 (Video 2)

A 31-year-old man presented with weakness 
in the limbs and gait disturbance which started 
1-year prior to the visit. Motor grade of his 
upper and lower extremities was grade IV out of 
V and the patient needed assistant to gait. MRI 
images show an extensive enhancing intramed-
ullary mass extending through C2 to T1 level 
(Fig. 14.3). Tumor-associated syrinx was seen 
in both cranial and caudal end, and cord edema 
was accompanied. Having impression of epend-
ymoma, a surgery was performed and gross total 
resection was achieved. Motor power improved 
to normal at postoperative 3 months, and he 
returned back to a normal life. Note how to 

Fig. 14.3  a Preoperative magnetic resonance images 
of a 31-year-old male patient who complained of limb 
weakness and gait disturbance. Extensive enhancing, 
predominantly solid, intramedullary mass extending 

from C2 to T1 level is seen. Tumor-associated syrinx is 
accompanied at the cervicomedullary junction and upper 
thoracic level (T2-4). b There is no recurrence found in 
postoperative 2-year follow-up MR images
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techniques are imperative for the successful 
treatment of spinal ependymomas.
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en-bloc removal was achieved. Note that getting 
into syrinx first and taking it is the starting point 
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14.5  Conclusion

Ependymoma is often a curable disease, and 
surgical resection is the mainstay of treat-
ment. Nevertheless, it is somewhat challeng-
ing to achieve a complete resection minimizing 
intraoperative neural damage because of its 
intramedullary location. Therefore, understand-
ing its origin and anatomical relationship with 
surrounding tissue, and applying proper surgical 
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Dorsal Column Mapping

Han Gil Seo and Min-Gu Kang

Abstract
Midline myelotomy to approach an intramed-
ullary tumor may cause dorsal column injury. 
Injury to the dorsal columns can result in dys-
function manifesting numbness, dysesthesias, 
proprioception changes, and sensory ataxia. 
Dorsal column mapping is a technique to 
identify the left and right dorsal columns, and 
the neurophysiological midline of the spinal 
cord before myelotomy during intramedul-
lary spinal cord tumor surgeries. So far, three 
methods of dorsal column mapping have been 
introduced. They are: recording of somatosen-
sory-evoked potentials (SEPs) on the exposed 
spinal cord with a miniature multielectrode, 
antidromic sensory nerve action potentials 
on the peripheral nerves, and phase-reversal 
SEPs on the scalp. Among them, phase-rever-
sal technique is a fast and easy method which 
provide real-time feedback to identify the 

neurophysiologic midline of the spinal cord 
before myelotomy. Further study is needed to 
elucidate the role of this technique for preven-
tion of dorsal column injury.

Keywords
Intraoperative neurophysiologic 
monitoring · Dorsal column 
mapping · Myelotomy · Intramedullary 
tumor · Phase-reversal

15.1  Introduction

Intraoperative neurophysiologic monitoring 
aims to prevent potential injuries which may 
occur during surgical procedures on the nerv-
ous system. Continuous monitoring techniques, 
such as motor-evoked potentials (MEPs) and 
 somatosensory-evoked potentials (SEPs), are 
used to assess the functional integrity of the rel-
evant neural structures during the procedures. 
On the other hand, mapping techniques are used 
for localization of the functional structures to 
avoid injuries during the resection. Dorsal col-
umn mapping is a technique to identify the left 
and right dorsal columns, and the neurophysi-
ological midline of the spinal cord before myel-
otomy during intramedullary spinal cord tumor 
surgeries [1–3].
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The multielectrode consists of 8 parallel, 2 mm 
length Teflon-coated stainless-steel wires which 
are spaced 1 mm apart, embedded in a 1 cm2 
strip of silastic [5]. Each wire was used as the 
recording electrode, while a needle electrode 
was placed in nearby muscle as the reference 
electrode. Electrical activities were recorded 
by recording wires on the dorsal cord during 
electrical stimulation of each of the posterior 
tibial nerves at the medial malleolus via subder-
mal needles. The impedance and filter settings 
were 20 kΩ and 50–1700 Hz [2]. The stimulus 
intensity, duration, and the repetition rate were 
40 mA, 0.2 ms, and 13.3 Hz, respectively [2]. 
After averaging two sets of 100 sweeps from 
the eight recording electrodes, the recording 
wire showing the maximal amplitude was con-
sidered to be placed on the densest fibers of the 
stimulated gracile fasciculus. After stimulating 
each side of posterior tibial nerves, the midline 
between the two wires of maximal amplitudes 
was regarded as the neurophysiological midline 
which was electrically inert area. Therefore, the 
surgeon made an incision through the line to 
prevent dorsal column injury.

The multielectrode could record  high-quality 
and high-amplitude SEPs [6]. However, there 
are some weaknesses in this method. Above 
all, it needs a specially designed multielec-
trode which is not available in many institu-
tions. The electrode is not easy to keep good 
contact with the dorsal spinal cord, especially 
due to pulsation artifacts. Therefore, a greater 
number of averages are needed. Activities in 
the dorsal roots and horns provoked by the 
 higher-amplitude segmental responses might 
contaminate the SEPs [6]. Lastly, the variable 
signal-to-noise ratio can lead to amplitude fluc-
tuation [7].

(2) Recording of antidromic sensory nerve 
action potentials on the peripheral nerves.

Quinones-Hinojosa et al. [1] described the 
method of recording of antidromic sensory 
nerve action potentials (SNAPs) on the periph-
eral nerves. Needle electrodes were placed on 
the medial malleoli of the patient’s ankles to 
record the SNAPs antidromically. To stimulate 
the dorsal column, the surgeon used a handheld 

The surgical incision of the spinal cord 
(i.e., myelotomy) to approach an intramedul-
lary tumor is usually made in the dorsal median 
raphe because it is a neurophysiologically 
inactive fibrous structure. Although the dorsal 
median raphe can be identified anatomically 
between the elevated dorsal columns or by fol-
lowing the median dorsal sulcal vein, the anat-
omy may be distorted due to the tumor within 
the spinal cord. Misidentification of the midline 
of the spinal cord may lead to dorsal column 
injury during myelotomy.

Dorsal column dysfunction has been 
reported to be the most significant  morbidity, 
which occurred more than 40% of patients, 
after intramedullary spinal tumor surgery [4]. 
The dorsal column contains the first-order affer-
ents from the largest sensory receptors which 
convey sensations of fine touch, vibration, two-
point discrimination, and proprioception. Injury 
to the dorsal columns can result in dysfunction 
manifesting numbness, dysesthesias, propriocep-
tion changes, and sensory ataxia. In particular, 
the gracile fasciculus from the lower limb and 
lower trunk is prone to injury during the midline 
myelotomy. Therefore, balance and gait dysfunc-
tion could be debilitating consequences after 
intramedullary spinal cord tumor surgeries.

In this chapter, we introduce the dorsal col-
umn mapping techniques to prevent dorsal col-
umn injury during myelotomy, focusing on the 
phase-reversal SEPs technique which is used in 
our institution. Interpretation, technical consid-
erations, and clinical implications of the tech-
nique are also discussed.

15.2  Methods of Dorsal Column 
Mapping

So far, three methods of dorsal column mapping 
have been introduced.

(1) Recording of SEPs on the exposed spinal 
cord with a miniature multielectrode.

Kržan [5] introduced the method of recording 
of SEPs on the exposed dorsal cord. To record 
SEPs, the surgeon placed a miniature multielec-
trode on the midline of the dorsal spinal cord. 
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bipolar stimulator with a spacing of 2–3 mm 
between the anodal and cathodal tips. The fil-
ter settings were 30–300 Hz [1]. The stimulus 
intensity, duration, and the repetition rate were 
3–8 mA, 200 μs, and 9.1 Hz [1]. A ruler with 
5 mm mark was placed on the apparent ana-
tomic midline and then five areas were stimu-
lated in turn at 1 mm interval with the cathodal 
tip pointing distally. After averaging 50–100 
sweeps on each point, the area showing minimal 
response was considered as the neurophysiologi-
cal midline and selected as the incision site.

Because this method needs five points stim-
ulation in turn with up to 100 sweeps, it is a 
 time-consuming procedure. In addition, the sur-
geon should hold the stimulator still during the 
averaging. If the bipolar stimulator moves dur-
ing the average, a new stimulation should be 
started. This method is technically challenging 
due to low amplitudes, and the action potentials 
can be contaminated by the compound motor 
action potentials (CMAPs) [7].

(3) Recording of phase-reversal SEPs on the 
scalp.

Simon et al. [7] introduced the method of 
recording of phase-reversal SEPs on the scalp. 
SEPs were recorded from the ipsilateral and 
contralateral parietal scalp area (CP3 and CP4) 
via scalp electrodes. To stimulate the spinal 
cord, the surgeon placed a minielectrode on 
the exposed dorsal cord perpendicular to the 
spine. The minielectrode consists of 8-contact 
strip of 2 mm stainless steel wires with 1 mm 
spacing. The electrical pulses were delivered 
via two adjacent wires. The stimulation was 
applied in succession from left to right. This 
way, the surgeon could find the neurophysi-
ologic midline when CP3–CP4 channel showed 
a  phase-reversal of SEPs. The stimulus inten-
sity, duration, and repetition rate were 0.2 mA, 
0.3 ms, and 3.17 Hz. The high signal-to-noise 
ratio could reduce the number of averages to 
10 sweeps. However, there was a possibility of 
current spread and not only gracile fasciculus 
but also cuneate fasciculus could be stimulated. 
In addition, the minielectrode required several 
repositions and it was hard to sustain good con-
tact due to the spinal cord pulsation.

Nair et al. [3] modified the phase-reversal 
method. CP3 and CP4 scalp recording elec-
trodes were used the same as the previous 
method, but Cz–Fz channel was added to iden-
tify current spread. In place of minielectrode, 
the surgeon used a handheld bipolar stimulator. 
The stimulator was placed on the exposed dor-
sal cord with the prongs parallel to the cord axis 
and gradually repositioned from one side to the 
other side. The stimulus current was used from 
0.3 to 0.5 mA to minimalize the current spread. 
The neurophysiologic midline was considered to 
be located in the area showing minimal ampli-
tudes in all channels including Cz–Fz, and a 
phase-reversal of SEPs was observed across the 
area. The refined technique was thought to be a 
fast and reliable method which provide real-time 
feedback [3].

15.3  Interpretation

Recorded potentials from the scalp electrodes 
by stimulating the gracile fasciculus on the dor-
sal surface of the spinal cord are equivalent to 
those by stimulating the posterior tibial nerves. 
When stimulating the left dorsal column, ini-
tial positive and then negative peaks are usu-
ally seen in the CP3–CP4 channel (Fig. 15.1). 
These potentials correspond to P37 and N45 
when recording the tibial nerve SEP, although 
the latencies are shorter when stimulating the 
dorsal column. The distribution of SEPs on 
the scalp, which is a maximum response at 
the vertex and a paradoxical ipsilateral exten-
sion, by stimulation of the efferent fibers from 
the lower extremity is known to be “paradoxi-
cal lateralization of cortical potentials.” [7, 8] 
This phenomenon is thought to be due to the 
primary somatosensory region for the foot is 
situated on the medial surface of the contralat-
eral postcentral gyrus in the interhemispheric 
fissure. Because the cortical generators are ori-
ented transversely or horizontally to the scalp 
surface, the responses are best recorded in the 
electrodes over the ipsilateral hemisphere [8]. 
However, unlike the stimulation of the posterior 
tibial nerve, the efferent fibers from the whole 
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is between the two electrodes of the stimulator 
(Fig. 15.3). If no reliable signals are recorded in 
both CP3–CP4 and Cz–Fz channels, the stimula-
tion site is neurophysiologically inert region. If 
the location is not the dorsal median raphe, the 
tumor may be near the pial surface. Depending 
on the surgeon’s preference, the incision can be 
made at this location without damage to the dor-
sal column.

15.4  Technical Considerations

Anesthetic considerations for dorsal column 
mapping via phase-reversal method are the 
same as those of SEP monitoring. Total intra-
venous anesthesia (TIVA) is recommended for 
this method because the cortical potentials are 
significantly affected by inhalation anesthet-
ics. Propofol and opioids mildly suppress SEPs 
signals and have no significant influence on 
identifying changes in polarity of the evoked 
potentials.

lower extremity can be stimulated during the 
dorsal column mapping. The cortical genera-
tors of the proximal lower extremity are located 
superficially, not deep in the interhemispheric 
fissure. In some cases, only negative peaks are 
remarkable due to very small initial positive 
peaks. In our experience, the expected wave-
form may not appear during the mapping for a 
variety of reasons (Fig. 15.2).

The physiological midline of the spinal cord 
can be identified by a phase-reversal in the 
CP3–CP4 channel when the bipolar stimulator 
is moved across the midline. Sometimes, this 
mapping procedure is necessary at several dif-
ferent spinal cord level due to distorted anatomy 
by the tumor. If the bipolar stimulator is placed 
across the midline, both gracile fasciculi are 
stimulated simultaneously. In such a case, the 
cancellation of the polarities occurs in the CP3–
CP4 channel, whereas the response remains the 
same or becomes larger due to summation of 
the same polarity potentials in the Cz–Fz chan-
nel [3]. This finding confirms that the midline 

Fig. 15.1  Recorded potentials in the Cz–Fz and CP3–CP4 channels by stimulation of the left (a) and right (b) gracile 
fasciculi. Initial positive and subsequent negative peaks are seen in the CP3–CP4 channel when stimulating the left 
side, and they are reversed when stimulating the right side

Fig. 15.2  Recorded potentials in the Cz–Fz and CP3–CP4 channels by stimulation of the left (a, d) and right (b, c) 
gracile fasciculi. Although small initial positive peaks are seen when stimulating the left side, only negative peaks are 
notable when stimulating the right side. Phase reversal is also not clear between the left and right gracile fasciculi
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15.5  Clinical Implications

Although mapping techniques provide intuitive 
information about the location of neural struc-
tures, the evidence of their clinical utility is hard 
to be established. So far, only one study, which 
employed recording of antidromic sensory 
nerve action potentials for dorsal column map-
ping, demonstrated significant decrease of new 

Larger number of sensory fibers are stimu-
lated at the gracile fasciculus, more robust sig-
nals are usually obtained by this technique 
compared to tibial nerve SEPs. Therefore, the 
signal-to-noise ratio is high and a small num-
ber of averages per recorded response is neces-
sary. An adequate response may be obtained by 
around 10 stimuli [7]. In a noisy environment, 
an average of up to 30 stimuli may be required.

Fig. 15.3  Identification of the physiological midline by dorsal column mapping using a bipolar stimulator. In the 
CP3–CP4 channel, a phase-reversal is observed by stimulation of the right (a) and left (b) gracile fasciculi across the 
midline. When stimulating both fasciculi simultaneously using the bipolar stimulator placed across the midline, the 
response disappears by the cancellation of the polarities in the CP3–CP4 channel without change in the Cz–Fz chan-
nel (c, d). Therefore, the physiologic midline is located between the two electrodes
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of this technique for prevention of dorsal col-
umn injury during the surgery of intramedullary 
spinal cord tumors.
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postoperative dorsal column dysfunction com-
pared to the historical control (9% vs. 50%) [9]. 
Other studies were case reports or case series 
which had no controls. Nair et al. [3] reported 
that the phase-reversal mapping technique using 
a bipolar stimulator is successfully applied in 12 
cases. The dorsal median raphes were localized 
by the mapping technique in 11 patients and no 
one had postoperative worsening of the dorsal 
column function. Yanni et al. [2] reported that 
dorsal column mapping by recording of SEPs on 
the spinal cord with a strip electrode were suc-
cessful in all 10 patients. One patient showed 
initially worsened dorsal column function post-
operatively. Kržan [5] described that reproduci-
ble spinal SEPs were obtained using a miniature 
multielectrode in 55 of the 65 patients without a 
report of postoperative outcomes.

We reviewed 39 patients who were operated 
for intramedullary spinal cord tumors at our hos-
pital. Dorsal column mapping via phase-reversal 
method was performed in 19 out of 39 patients 
in which midline myelotomy was needed due to 
the etiology (e.g. ependymoma) of the patients. 
The phase-reversal was definite in 10 out of 19 
patients and not clear in the other 9 patients. 
The rate of functional deterioration measured 
by Bergs Balance Scale and 10-m Walk Test 
was comparable between the patients with and 
without definite phase-reversal on dorsal col-
umn mapping. Therefore, we are still reluctant 
to draw the conclusion that we can confidently 
depend on this technique. Phase-reversal tech-
nique is a fast and easy method which provide 
real-time feedback to identify the neurophysi-
ologic midline of the spinal cord before myel-
otomy. However, technical improvements are 
necessary to reduce negative mapping cases and 
improve the reliability of the method. In addi-
tion, further study is needed to elucidate the role 
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Diffusion Tensor Imaging
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Abstract
Diffusion tensor imaging (DTI) is an 
advanced imaging technique which enables 
quantification of anisotropic diffusion (i.e., 
restricted or preferential diffusion to one par-
ticular direction) in terms of direction and 
magnitude on a voxel-by-voxel basis. Serial 
calculation of anisotropic diffusion in neigh-
boring voxels can provide the information on 
the integrity of longitudinal structures such as 
fiber tracts in spinal cord and therefore reflect 
the earlier physiological disturbance along 
fiber tracts prior to the development of any 
structural changes. Both qualitative/visual 
(i.e., fiber tracking techniques [tractography]) 
and quantitative (DTI anisotropy indices such 
as fractional anisotropy [FA] and apparent 
diffusion coefficient [ADC]) methods have 
been used to assess changes in anisotropic 
diffusion along the spinal cord. Tractography 
has been used for the visual assessment of 
the relationship between white matter tracts 
and spinal cord tumors and has been shown 
to be helpful in the differential diagnosis of 
intramedullary tumors. Furthermore, infor-
mation on the relationship between spinal 

cord tumors and normal fibers from preop-
erative DTI tractography can further assist in 
surgical planning and thus help improve the 
surgical outcome.

Keywords
Anisotropic diffusion · Anisotropy 
indices · Diffusion tensor imaging 
(DTI) · Intramedullary tumors · Surgical 
planning · Tractography

16.1  Basic Concepts

(1) Diffusion
‘Diffusion (or Brownian motion)’ refers to a 
random translational moment of water mol-
ecules within body tissue, driven by inher-
ent latent thermal energy of the molecules. 
Unrestricted diffusion of water molecules in all 
directions (as in cerebral spine fluid [CSF]) is 
termed ‘isotropic’, whereas restricted or pref-
erential diffusion to one particular direction 
due to the presence of biological barriers (as in 
muscle fibers and axons) is termed ‘anisotropic’ 
(Fig. 16.1). Diffusion tensor imaging (DTI) is 
an advanced imaging technique which enables 
quantification of anisotropic diffusion in terms 
of direction and magnitude on a  voxel-by-voxel 
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(2) Diffusion Tensor Tractography
Tractography provides a visual representation of 
the anisotropic diffusion and allows qualitative 
assessment of the overall diffusion status within 
the evaluated structure. Anisotropic diffusion in 
an axon, in which water molecules move pref-
erentially in one direction over others, is com-
pared to that in an ellipsoid (Fig. 16.2). Water 
molecules move along three directions (x, y, z) 
in an ellipsoid, represented by three eigenvectors 
(E1, E2, and E3), where E1 denotes the main 
vector along the long axis. Tractography can be 
derived by serially connecting the E1 vectors of 
adjacent voxels and color coding is often used 

basis. Serial calculation of the direction and 
magnitude of anisotropic diffusion in neigh-
boring voxels can provide the information on 
the integrity of longitudinal structures such as 
fiber tracts in spinal cord. DTI may be used as 
an adjunct to conventional structural imaging 
in spinal cord, because it is thought to have the 
potential to reflect the earlier physiological dis-
turbance along fiber tracts prior to the develop-
ment of any structural changes. Both qualitative/
visual (i.e., fiber tracking techniques [tractogra-
phy]) and quantitative (DTI anisotropy indices) 
methods have been used to assess changes in 
anisotropic diffusion using DTI [1].

a b

Fig. 16.1  Illustrations showing isotropic and aniso-
tropic diffusion. Isotropic diffusion is comparable to dif-
fusion of water molecules in a sphere (a) where the mol-
ecules can diffuse in all directions equally. Anisotropic 

diffusion is comparable to diffusion of water molecules 
in a cylinder (b) where there is a preferential diffusion of 
water molecules to one particular direction

Fig. 16.2  An ellipsoid model to describe anisotropic 
diffusion in a neuron. The ellipsoid has three eigenvec-
tors (E1, E2, and E3) in x, y, and z directions with E1 
being the main vector along the long axis. Various 

diffusion tensor indices including FA and ADC can be 
calculated from the eigenvector values and tractography 
can be constructed by connecting the main eigenvector 
(E1)
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to better represent the three different directions 
of diffusion—for example, red for left to right, 
green for anteroposterior, and blue for cranio-
caudal directions. In comparison to brain where 
multi-directionality of fibers is represented by 
multiple colors, tractography of spinal cords is 
usually shown in blue because intact fiber tracts 
run mainly in craniocaudal direction [1].

(3) Diffusion Anisotropy Indices
Anisotropy indices are quantitative measures 
for diffusion in a given voxel. Various indices 
indicating the direction and magnitude of dif-
fusion can be calculated from the eigenvector 
values, including mean diffusivity (MD, often 
referred to as the apparent diffusion coefficient 
[ADC]), fractional anisotropy (FA), radial dif-
fusivity (Dr), and axial diffusivity (Da). Two 
most popular DTI measures are FA and ADC. 
FA, a direction parameter, represents the frac-
tion of the magnitude of ‘anisotropic’ diffusion 
in a voxel and its value ranges from 0 (e.g., 
sphere with completely isotropic diffusion) to 
1 (e.g., thinnest cylinder with infinite anisot-
ropy). High degree of anisotropy results in FA 
value close to 1 in intact neurons, and the FA 
value decreases when the diffusion becomes less 
restricted (more isotropic) because of the injury 
of axonal membrane. Apparent diffusion coef-
ficient (ADC), a magnitude parameter, quanti-
fies how much free diffusion of water molecules 
are restricted due to anatomic barriers such as 
local tissue microstructures (e.g., myelin sheath) 
within neurons. Specifically, intact neurons with 
well-organized nerve fibers exhibit low ADC 
value, whereas injured neurons with disorgan-
ized fibers demonstrate high ADC value [1].

16.2  DTI in Preoperative Evaluation 
of Spinal Cord Tumors

(1) Diffusion Anisotropy Indices
Among various anisotropy indices, FA is the 
most commonly used to reflect earlier physi-
ological disturbance along fiber tracts. Several 
studies have demonstrated that FA values 
are significantly lower in most enhancing or 

 non-enhancing spinal cord tumors than in nor-
mal fibers in volunteers or reference regions, 
which may be attributable to destruction of 
normal fibers by tumor infiltration. [2–12] The 
studies suggest that the FA map may help detect 
the abnormality and determine its extent in spi-
nal cord lesions. On the other hand, quantitative 
ADC values have been reported to be variable in 
spinal cord tumors [9].

(2) DTI Fiber Tractography
Tractography has been used for the visual 
assessment of the relationship between white 
matter tracts and spinal cord tumors. [1–8, 10–
18] Three major types of relationships have been 
previously described and used as clues for the 
discrimination of intramedullary ependymomas 
from astrocytomas as well as the diagnosis of 
benign spinal cord tumors: ① fibers not entering 
solid lesions, ② most of the tumor volume not 
containing fibers with only some fibers crossing 
tumors, and ③ most of the tumor volume con-
taining fibers. [12] Specifically, full displace-
ment of fibers has been regarded as an imaging 
characteristic of benign spinal cord tumors. [2, 
4, 5, 7, 10, 12] In addition, intramedullary astro-
cytomas are the key differential diagnosis for 
ependymomas but conventional MR imaging 
may not suffice to differentiate the two when 
they lack typical features. Tractography may 
provide additional diagnostic clue in those cases, 
since spinal cord ependymomas with delicate 
capsules forming the interface between tumors 
and surrounding normal neural tissue tend to 
displace fibers (Fig. 16.3), whereas astrocyto-
mas with more infiltrative growth pattern tend 
to encase fibers in the spinal cord (Fig. 16.4). 
[4, 10, 19] Nonetheless, diagnostic challenge 
remains, because low-grade astrocytomas, which 
account for the majority of astrocytomas (75%–
89%), can also displace white matter tracts like 
ependymomas [1–3, 5, 7, 10, 12, 17, 18].

More importantly, information on the rela-
tionship between spinal cord tumors and nor-
mal fibers from preoperative DTI tractography 
can further assist in surgical planning [8]. First, 
DTI tractography may be used to determine the 
resectability of spinal cord tumors. Previous 
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intraoperative and neurologic findings [11, 12]. 
Specifically, tumors that encase normal fib-
ers have been considered unresectable because 

studies have demonstrated that the resectabil-
ity determined based on the fiber course rela-
tive to the lesion show strong correlations with 

A B DC

Fig. 16.3  A 66-year-old man with intramedullary 
ependymoma. Conventional sagittal T2-weighted (a), 
precontrast and postcontrast T1-weighted (b and c) 
images demonstrate an intramedullary mass at the 

cervical spine with an enhancing solid component and 
intratumoral hemorrhage. DTI tractography (d) well 
demonstrates splaying of the surrounding white matter 
tracts by the tumor

A B C D

Fig. 16.4  A 60-year-old man with intramedullary astro-
cytoma. Conventional sagittal T2-weighted (a), pre-
contrast and postcontrast T1-weighted (b and c) images 
depict an intramedullary mass with no definite contrast 

enhancement at the cervical spine. On DTI tractography 
(d), normal fibers are encased by the tumor, a finding 
which suggests a more infiltrative growth pattern
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complete resection is likely to cause a signifi-
cant neurologic deficit, whereas tumors that 
displace fibers have been considered resect-
able. Second, DTI tractography may be used 
to determine the optimal surgical approach that 
can minimize the unnecessary nerve injury and 
guide the surgery during neuronavigation [12]. 
DTI  tractography-guided surgical resection is 
of clinical importance in that it can increase the 
chance of preservation of neurologic function 
while ensuring maximal resection of tumors, 
which in turn would ultimately help improve the 
surgical outcome [5, 7, 10].
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Electrophysiological 
Study Including EP, EMG, 
NCS
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Abstract
Diverse electrophysiological studies, includ-
ing evoked potential, electromyography, and 
nerve conduction studies, are currently used 
in the operating room to spare the function 
of the spinal cord during surgery. Here, we 
dealt with the basic principles, advantages, 
and limitations of each electrophysiological 
study.
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Electrophysiological study · Nerve 
conduction study · Evoked 
potential · Electromyography · Nerve 
conduction study

17.1  Basic Principles

To understand how the electrophysiologic study 
can help to spare the functions of the spinal cord 
during surgery, it is necessary to understand 
the basic principles in generating the electrical 
potentials in the nervous system.

The commonly using electrophysiologic 
studies for intraoperative monitoring of the spi-
nal cord include nerve conduction study, elec-
tromyography, motor evoked potential, and 
somatosensory evoked potentials. For any type 
of studies above, recording the electric signal 
with either the surface or needle electrodes is 
required to obtain the electrophysiologic signals 
from the designated nervous systems. In record-
ing the electrophysiologic signals, intracellu-
lar electric potentials are transmitted through 
the extracellular structures. This type of trans-
mission of electric or magnetic fields toward 
measuring sensors, across a distance from their 
source generators, is termed as volume conduc-
tion [1].

For the studies above, the volume conduc-
tion can be obtained either in the form of the 
near-field potentials or far-field potentials. The 
near-field potential can be recorded when the 
recording electrode is close to the source of the 
volume conduction. It has a higher amplitude, 
inversely correlated with the distance from the 
source to the electrode, than the far-field poten-
tial. The examples of the near-field potentials 
are NCS, compound muscle action potential 
recordings, N9 potential (recorded in the Erb’s 
point) in SSEP, and cortically recorded poten-
tials in SSEP (N19 or N20 for MNSEP and P37 
for PTSEP). When recorded with a monopo-
lar recording electrode, the near-field poten-
tial can produce a typical triphasic waveform 
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near-field potential), nerve root, posterior col-
umn of the spinal cord, brainstem, thalamus, and 
finally the sensory cortex (N20 for the MNSEP 
and P37 for the PTSEP). For the clinical testing 
of SSEP for the outpatients, both the near-field 
potential and far-field potential are commonly 
adapted. However, for the intraoperative moni-
toring of the spinal cord, the near-field poten-
tials that represent the volume conduction of 
the sensory cortex (N20 or P37) are most com-
monly used due to the limitation in the channel, 
time, etc. The name of the waveforms in SSEP 
was determined according to their polarity and  
latency. Per se, the N20 is the negative potential 
that is recorded after a latency of 20 ms of stimu-
lation (Fig. 17.2). The recording of both the N20 
and P37 is performed via an averaging process 
to have a better signal to noise ratio, especially 
to minimize the effect of the 60 Hz artifacts. 
One of the great advantages of using the SSEP  
for the intraoperative monitoring (IOM) is that 
it can produce quite constant waveforms in each 
testing thereby lesser inter-trial variations. The 
definite warning criteria for the SSEP changes 
during the IOM of the spinal cord can be 
dependent on the types of the surgery (cervical 

(Fig. 17.1). In real clinical practice, it is not 
always possible to place electrode directly onto 
the nerve of interest. In this case, the electro-
physiologic testing for the nervous structure 
should be performed using far-field potential. 
The exact generator of far-field potential has not 
been fully known, and probably multiple genera-
tors can be involved in each far-field potential. 
Due to its small amplitude, most of the far-field 
potential need to be recorded through averaging 
the signals that are obtained by multiple testing. 
The waveform P14 and N18 in the median nerve 
SSEP corresponds to the far-field potential.

17.2  Somatosensory Evoked 
Potential

The SSEP for spinal cord monitoring can usu-
ally be performed using either stimulation of 
the median nerve (median nerve somatosen-
sory evoked potential, MNSEP) or the posterior 
tibial nerve (PTSEP). These stimulations in the 
peripheral nerve will travel via nervous sys-
tem in an afferent way, and thereby activate the 
plexus (can be recorded in the Erb’s point via 
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Fig. 17.1  Schematic diagram for the triphasic waveform obtained via near-field potential recording from a nerve
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spine vs thoracic spine) or the outcomes to be 
evaluated (predicting the presence of the imme-
diate postoperative neural deficit versus long 
term outcomes). But the generally accepted 
warning criteria are either 10% increase in the 
latency of the primary SSEP cortical response 
(N20 or P37) or a decrease of more than 50% 
in cortical peak to peak amplitude, which can 
be indicative of a significant surgical event and 
thereby are criteria for intervention [2].

17.3  Motor Evoked Potentials

The motor evoked potential (MEP) is a modal-
ity that can test the function of the motor cortex 
and/or corticospinal tract through the stimula-
tion of each site. It can be classified into tran-
scranial magnetic MEP using a magnetic field 
and transcranial electric MEP using an elec-
tric field depending on the type of stimulation. 
Although transcranial magnetic MEP is mostly 
adapted for MEP testing in clinical practice, 
it requires unnecessarily large and expensive 
equipment, relatively small waveform, and 

characteristic noise. For these reasons, intraop-
erative MEP stimulation is currently achieved 
via electrical stimulation method.

Intraoperative MEP is also divided into neu-
rogenic mixed evoked potential (MEP), D-wave, 
and muscle MEP, depending on the stimulus and 
location of the recording. Neurogenic mixed 
evoked potential (MEP) has been proposed as a 
new method to monitor the motor pathway under 
the influence of anesthetic agent by directly 
stimulating the spinal cord and recording the 
waveform on the peripheral nerve. It is known 
that the resulting waveforms reflect the antidro-
mic conduction of the sensory pathway located 
in the dorsal column rather than reflecting the 
function of the actual motor pathway [3]. This 
limitation of neurogenic mixed evoke potential 
might cause misinterpretation of the IOM data 
even in case of serious damage in the motor tract 
[3], hence it is not commonly used as a current 
IOM modality during spinal surgery.

Transcranial muscle MEP is a simple and 
straightforward method of recording transcra-
nial electric stimulation waveforms in the limb 
muscles, and currently the most widely accepted 

A B
Montage 
(Active – Reference)

CPC – EPi

CPc – Fpz (or Cpi)

C5s – Fpz

Epi – Fpz (or Epc)

Montage 
(Active – Reference)

CPz – Fpz
(or CPz – Cpi)

T12 – IC

L3 – IC

Fig. 17.2  Examples of the waveforms and montages 
for the somatosensory evoked potential using median 
nerve (a) and posterior tibial nerve (b). Abbreviations: 
C5s spinous process of 5th cervical vertebrae, Epc 

Erb’s point contralateral, EPi Erb’s point ipsilateral, L3 
spinous process of 3rd lumbar vertebrae, T12 spinous 
process of 12the thoracic vertebrae. * Please refer to the 
10–20 EEG system for the cephalic electrodes
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17.4  Electromyography

Needle electromyography (EMG) is a well been 
established tool for routine clinical evaluation of 
patients having disease in either motor neuron, 
nerve root, peripheral nerve, muscle, or some-
times neuromuscular junction. Clinical EMG 
testing is mainly comprised of assessing spon-
taneous activity in resting state and motor unit 
action potential after voluntary muscle contrac-
tion [11]. These basic procedures, with a minor 
modifications, are currently also used for intra-
operative monitoring (IOM) of the spinal cord 
function during diverse types of spinal surgery. 
Two commonly used EMG monitoring technics 
during spinal surgery are free-running EMG and 
stimulated EMG.

– Free-running EMG
During free-running EMG monitoring for spi-

nal surgery, the neurotonic discharge (tonic 
EMG, train activity) is the potential of inter-
est predictive of postoperative outcomes. This 
neurotonic discharge can arise spontaneously 
in response to either the mechanical, thermal, 
or metabolic irritation/insults [12]. It has high 
frequency of 50–200 Hz and regular pattern 
of short bursts or long trains, which can be 
distinctive from motor unit action potential 
(MUP) activity (10–15 Hz) or fibrillation 
potentials (1–5 Hz) [12]. As diverse arti-
fact from electro-cautery, wire movement, 
interference from anesthesia equipment as 
warmers and respirators, can also provoke 
free-running EMG signals, it is important for 
the IOM team to acknowledge the patterns of 
each waveform (Fig. 17.3). The generator for 
neurotonic EMG has mostly been considered 
to be the nerve root and the peripheral nerve; 
as its high frequency (up to 200 Hz) exceeds 
those that can arise from motor neurons 
[13]. Nevertheless, a recent study showed 
that mechanical intramedullary motor tract  
injury can also provoke severe EMG 

technique for MEP monitoring during surgery. 
However, it also has a major drawback that it 
has high inter-trial variability in its amplitude 
and shapes [4], and also its waveform can be 
severely reduced or damaged with just a small 
amount of the inhalation anesthetics/neuromus-
cular blockade [5]. Currently, the most com-
monly used anesthetic technique for the stable 
implementation of muscle MEP is total intrave-
nous anesthesia (TIVA), which uses only intra-
venous anesthetic (mainly propofol) without 
using anesthetic anesthesia. The high  inter-trial 
variability of muscle MEP cannot be fully over-
come until now. Currently our center uses “pres-
ence or absence criteria” as a most reliable 
warning sign for the long-term neurologic deficit 
[6, 7] and also applies tetanic stimulation in the 
peripheral nerve to reduce the inter-trial variabil-
ity [8].

To overcome the disadvantages of muscle 
MEP described above, the D-wave measure-
ment was designed. D-wave is a method directly 
recording waveforms generated by stimulation 
of the cortex through an epidural catheter elec-
trode placed at the distal and proximal sites of 
the surgical site, respectively. In contrast to 
muscle MEP with a very high  intra-variability, 
D-wave has a waveform with less 
 intra-variability. Some groups have suggested it 
to be one of the standard IOM modality during 
surgery for intramedullary spinal cord tumors 
[9]. However, D-wave has its own disadvan-
tages. First, the use of an epidural electrode can 
potentially pose a risk for nerve damage during 
surgery. In addition, D-wave cannot monitor the 
anterior horn cell, which may be the most vul-
nerable structures to ischemia. Lastly, due to the 
amplitude of the D-wave can be highly depend-
ent on the distance between the spinal cord and 
epidural electrode, some types of spinal surgery 
(per se, correction of the scoliosis) may not be 
suitable for the D-wave monitoring, where the 
position of the epidural electrode can change 
during surgery [10].
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spinal cord is that despite its high sensitivity 
(up to 100%) it has a relatively poor specific-
ity (24%) in predicting a postoperative neuro-
logic deficit in spinal surgery [17].

– Stimulated (evoked) EMG
The stimulated EMG is fundamentally identi-

cal with the motor nerve conduction study 
in clinical practice. During surgery it can be 
used for identifying the level of the spinal 
root, mapping the corticospinal tract dur-
ing intramedullary spinal cord tumor [18], 
or determining the proper screw placement 
[19] during spinal surgery. Nevertheless, one 
important issue in mapping the corticospinal 

discharges during surgery [14]. The exact 
mechanism for these phenomena was not 
fully known, but a membrane leakage con-
ductance and depolarization after mechani-
cal injury to the axonal membrane has been 
proposed to be responsible for it [14, 15].  
A previous study on patients with hereditary 
motor neuropathy showed that the regional 
treatment with curare, an antagonist of nico-
tinic AChRs, completely abolished the neu-
romyotonia of patients, which implied that 
neurotonic EMG can arise due to the hyper-
excitability of the peripheral nerve [16]. One 
caveat of neuromyotonic EMG in IOM of the 
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Fig. 17.3  Diverse types of EMG patterns during spontaneous EMG recording. Neurotonic discharge of high fre-
quency during spontaneous EMG monitoring in the facial muscles (a). Stimulation artifact from electrocautery (b). 
Artifact in a limb that was connected with the fluid warmer via intravenous (IV)  fluid line (c).
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tract in the spinal cord is that the compound 
motor action potentials of the limb muscle 
can also be elicited by the stimulation of the 
dorsal column rather than the corticospinal 
tract [20, 21]. A recent study proposed the 
method of double stimulation technique with 
an inter-stimuli interval of 60 ms to reliably 
obtain the compound motor action potential 
elicited from the corticospinal tract [18] that 
can be distinguished from those form the dor-
sal column.

17.5  Conclusion and Future 
Perspective

Diverse techniques of neurophysiologic testing 
can be adapted during spinal surgery to preserve 
the function of the spinal cord. Nevertheless, the 
optimal usage of these testing will be most ben-
eficial with the proper knowledge on the basic 
principles. One of the major limitations of the 
current IOM modalities for the spinal surgery is 
that most of them can detect the electrophysio-
logic signal alterations only after the occurrence 
of some degree of the neural injuries. Future 
techniques using recording the unit potentials 
from small groups of cells or nerve fibers may 
be more beneficial in preserving the integrity of 
nervous system through the earlier detection of 
the possible neural injuries.
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My Surgical Experience 
of Spinal Cord Tumor 
Surgery

Chun Kee Chung and Dong Hwan Kim

Abstract
I’ve had spinal cord tumor surgery for 
quite some time. During about 25 years, 
321 intramedullary tumors, 929 intradural 
extramedullary tumors, and 182 extradural 
tumors were operated. While I worked as a 
neurosurgeon, I learned a lot from patients 
and image like as MR. I have changed many 
of my practices. I used to use steroids and 
insert drain. However, currently, steroids are 
never used, and if dura is opened, no drain 
is added. In schwannoma, you have to meet 
endoneurial fluid. And spinal cord meningi-
oma is intradural extra-arachnoidal tumor. In 
hemangioblastoma, it is not cauterization but 

dissection. In ependymoma, the tumor should 
be dissected from gray matter of spinal cord. 
The principle of cavernous malformation sur-
gery is to open the shortest distance from the 
lesion. I would like to share my experience 
and ideas with others in this book. I’ve also 
changed and developed a lot of spinal cord 
tumor surgery, but I think there’s still a lot to 
change. I hope my experiences and ideas in 
this book will help surgeons performing spi-
nal cord tumor surgery.

Keywords
Surgical experience · Spinal cord tumor

I have been performing a spinal cord tumor sur-
gery since 1993 at Seoul National University 
Hospital. During about 25 years, 321 intramed-
ullary tumors, 929 intradural extramedullary 
tumors, and 182 extradural tumors were oper-
ated. In the 90s, about 10 IM tumors and 20 
IDEM tumors were operated in a year. In the 
last five years, an average of 27 IM tumors and 
67 IDEM tumors have been removed annually. 
While I worked as a neurosurgeon, I have care-
fully considered perioperative management and 
control of intraoperative epidural hemorrhage 
and changed my practice. I was able to gain 
knowledge about the origin, anatomy, and tumo-
rigenesis about several spinal cord tumor surgery. 
I would like to share my experience and Ideas 
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surgicels. If it is bleeding from the artery, the 
bleeding point is precisely cauterized, and if it’s 
bleeding from venous plexus, it is sufficiently 
controlled by compression with or without 
surgicels.

4. General Principle

A. All anatomical layers shall be opened sepa-
rately until exposed from to tumor on the 
skin. This allows all layers to be closed when 
the tumor is removed and then closed again.

5. Spinal Cord Tumor

Postoperatively, The absence of a motor weak-
ness does not mean that the patient can walk. 
Preservation of proprioceptive sensation is more 
important in predicting whether a patient can 
walk. When doing midline myelotomy, it is most 
important to minimize the damage given to the 
dorsal column. When I do midline myelotomy, 
I usually do dorsal column mapping. I always 
check the anatomic landmark, but I check it 
again with the dorsal column mapping.

B. Schwannoma

i. Epidural Schwannoma

When I first removed the epidural  schwannoma, 
I thought that it was a tumor to go out of the 
dura, and I removed the entire root that included 
the tumor. So there was a lot of epidural bleed-
ing. I used to control epidural bleeding by pack-
ing surgicels into the epidural space. It occurred 
to me that this entire epidural mass was not a 
tumor, but that normal root was mixed with 
a tumor. So my hypothesis was that since the 
epidural mass includes normal nerve root and 
tumor together, if the longitudinal incision was 
made in this mass and the pseudocapsule was 
pushed aside, only the tumor could be  isolated. 
That is, because schwannoma originates from 
schwann cell, it basically comes up from only 
one axon. Theoretically, because several axons 
would come together to make one fascicle, and 
several fascicles would come together to make 
a root, only one axon with  schwannoma could 
be removed. This led me to think about the lay-
ers. In order to expose schwannoma, root sheath 
must be incised. This sheath is an extension of 

with others in this book. I’ve also changed and 
developed a lot of spinal cord tumor surgery, but 
I think there’s still a lot to change. I hope my 
experiences and ideas in this book will help sur-
geons performing spinal cord tumor surgery.

1. Value of perioperative steroids
 In perioperative period, I do not use ster-

oids for spinal cord tumor patients. There is 
no evidence that steroids improve the clini-
cal outcomes of spinal cord tumor patients, 
but it is much more obvious that it raises the 
adverse effects such as infection.

2. Laminoplasty Instead of Laminectomy

In order to access the spinal cord tumor, lamina 
must be opened. The more laminectomy I do, 
the higher probability of iatrogenic kyphosis, 
and we should prevent it. So I try to minimize 
facet injury and do only as much lateral open-
ing as is necessary. I try to preserve the bone 
integrity, as far as possible, and minimize the 
facet joint resection. So we fix the lamina we 
removed back to its original position and return 
it to the original form. It is also helpful that 
lamina, which is re-secured, becomes an excel-
lent boundary between adhesion tissues and dura 
when performing a re-operation.

3. How to Reduce Epidural Bleeding

First, good position is very important. I always 
check patient’s belly when positioning patients. 
Reducing abdominal pressure is very important. 
And if you don’t open arachnoid when opening 
dura, the epidural bleeding is reduced because 
it can reduce amount of CSF leakage. Dura 
 tack-up suture reduces epidural bleeding as well 
because pressure is applied to the sides later-
ally. And when closing the dura, the knots are 
not tied by hands. If the knots are tied by hands, 
dura is pulled, which makes the epidural bleed-
ing a lot. And, just before the dura is closed 
completely, the saline is injected into the dura 
to inflate the dural sac and apply pressure to the 
sides to reduce the epidural bleeding. In addi-
tion, I can also check the CSF leakage.
I don’t use hemostatic agent, including gel-
foam, if possible. If I have to use it, I use only 
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dura. Opening this sheath is like entering an 
intradural space. Next, perineurium, the sheath 
of the fascicle is incised. This perineurium can 
be thought of as an extension of arachnoid mem-
brane of spinal cord. In other words, it is like 
entering a subarachnoid space, CSF space. That 
is, you have to meet endoneurial fluid because 
you entered endoneurial space. Since communi-
cation exists between  endoneurial fluid and suba-
rachnoid space, the space in which schwannoma 
exists is the same as in CSF space, regardless of 
whether it is an extradural or intradural space. 
This thought led to the same treatment of both 
an intradural and extradural schwannoma. It is 
no longer necessary to keep the old dogma to 
remove the intradural tumor first when remov-
ing the intradural and extradural schwannoma. 
Always the extradural tumor is removed first, 
and when the last remaining tumor is pulled, the 
old concept, the intradural part, has been pulled 
out in most cases.

ii. Intradural Extramedullary Schwannoma

Intradural schwannoma is a classical intra-
dural extradural tumor (IDEM). The difference 
between this and meningioma becomes clear 
whether the existing space is inside or outside 
the arachnoid. Schwannoma exists in intraarach-
noid space and meningioma exists in extraarach-
noid space. Therefore, it is necessary to open the 
dura and the arachnoid during surgery to expose 
the typical IDEM schwannoma. Once the tumor 
is exposed, only tumor should be dissected from 
several rootlets. Separation of rootlets adhering 
to tumor is important, especially when in cauda 
equina. Schwannoma is mainly from dorsal root. 
So in the case of non-cauda equina, it is debat-
able how important this dissection of peripheral 
rootlets is functionally, after surgery. In princi-
ple, however, all rootlets that can be dissected 
from the tumor as much as possible are sepa-
rated. In principle, schwannoma comes from 
schwann cell in a single axon, so theoretically, 
everything else can be dissected except for a sin-
gle axon that is the origin of tumor.

iii. Intramedullary Schwannoma

Intramedullary schwannoma is very rare. 
Usually it has an extramedullary part. Therefore, 

it is relatively easy to remove this intramedul-
lary part by removing extramedullary part and 
entering spinal cord substance along with this 
plane. It should be felt that it passes through 
pia clearly as it enters the interior along the 
intramedullary part. This way, all detachable 
cord substance can be preserved.

C. Meningioma (IDEM)

Meningioma is a tumor that originates from the 
arachnoid cap cell. Therefore, as is often said, 
meningioma does not originate from the dura. 
The arachnoid cap cell, which is part of the 
arachnoid membrane, is the closest part to the 
dura, so the rest of the arachnoid membrane has 
nothing to do with the tumor. So this tumor is an 
intradural extra-arachnoidal tumor. Therefore, it 
is not necessary to open arachnoid membrane 
when meningioma is removed. The meningi-
oma can be removed if only the dura is opened 
and intact arachnoid membrane and CSF space 
and nervous structure in it, are pushed aside. Of 
course, in case of ventral tumor, when it is dif-
ficult to push the arachnoid membrane aside, 
you can open the dorsal arachnoid membrane, 
enter the intra-arachnoid space then open the 
ventral arachnoid too, and expose the tumor. In 
this case, it is also easy to remove meningioma 
by keeping in mind that ventral arachnoid mem-
brane defines the space in which nervous and 
vascular structures exist.

C. Intraparenchymal tumor

i. Hemangioblastoma

This tumor is in the intra-pial extramedul-
lary space. Therefore, it is important to have 
an interface between the pia and the blood ves-
sels. Previously, en-bloc resection was empha-
sized, cauterization all around the tumor should 
be done. As a result, the tumor does not shrink 
and the blood vessels rupture, so once the 
coagulation starts, it cannot stop. In the end, it 
should have been removed almost by the time 
the bleeding stops. So I started dissection of 
the tumor from the pia instead of cauterizing it 
with a bipolar cautery. I found that if I cauterize 
and cut the blood vessels that supply the tumor 
one by one, I could push the tumor out of the 
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more than expected. Therefore, the most impor-
tant thing during this tumor’s operation is not 
aggressive resection, but having the courage to 
stop it. In other words, a surgeon who is fully 
aware of the interface should boldly stop surgery 
if he thinks it is no longer possible to remove 
only the tumor. Of course, this tumor grows 
gradually as it progresses, and sometimes distant 
CSF seeding occurs. In these cases, patients may 
have a functional life for a considerable period 
of time, even if only the problematic lesions are 
removed and the rest are left.

iv. Subependymoma

It is very difficult to distinguish between sub-
ependymoma and ependymoma, preoperatively. 
However, in the case that characteristic similar-
ity with ependymoma in surgical field of view, 
but difficult to separate from the spinal cord, 
subependymoma should be suspected.

v. Cavernous Malformation

Of course, this lesion is not a tumor. It is a kind 
of vascular malformation, but it grows in size 
each time the bleeding is repeated. Naturally, 
there are personal differences between patients, 
so it is difficult to determine which lesion will 
grow and which lesion will remain station-
ary. Therefore, for this lesion, it is most dif-
ficult to determine when it should be removed. 
The principle of surgery is to open the shortest 
distance from the lesion when approaching a 
lesion through the spinal cord. It is not always 
necessary to do midline or lateral myelotomy. 
If you can see lesions through the spinal cord 
when you open the dura and arachnoid mem-
branes, you should open the best viewing area. I 
still don’t know how extensive the pia has to be 
removed in these cases. It is relatively clear to 
remove hemorrhage, abnormal vasculature, and 
gliosis inside the pia. Surgical works only need 
to be done inside the gliosis. However, it is still 

not clear how much pia need to be removed.

spinal cord. The dissection between the tumor 
and the normal spinal cord made the operation 
much easier. Most hemangioblastoma is sup-
plied by blood vessels in the pia of the spinal 
cord. Therefore, even if only visible feeders are 
controlled, I can push the tumor from the spinal 
cord and separate from it. Almost all heman-
gioblastoma could be removed by approaching 
posteriorly. Sometimes there were tumors in the 
ventral location, but these were very exceptional 
cases. In the case of ventral location, it was not 
so difficult to control the feeders when the tumor 
was exposed through a routine midline myel-
otomy, and then the tumor was pushed from the 
spinal cord after finding the interface between 
the tumor and the spinal cord. Thus, preopera-
tive angiography became less and less neces-
sary. Also preoperative embolization didn’t help 
much. So it was replaced by an intraoperative 
fluorescence angiography.

ii. Ependymoma

It is important not to damage the gray matter of 
the spinal cord in order to preserve the motor 
function of the hand during the operation of the 
ependymoma, especially, which occurred in the 
cervical enlargement.
The ependymoma and gray matter of spinal cord 
are difficult to distinguish. So it is better to find 
the ependymal layer first. I have to enter the 
central canal of spinal cord to find it. It is easy to 
find the space where cerebrospinal fluid exists. 
Removal of ependymoma must be done within 
the central canal of the spinal cord. If the sur-
gery is performed only in the central canal of the 
spinal cord, the gray matter can be preserved.

iii. Myxopapillary Ependymoma

Myxopapillary ependymoma is basically a very 
indolent tumor. Therefore, it should be done if 
it can be completely removed, but if it fails to 
do so, it should be boldly stopped if other nor-
mal rootlets are thought to have been damaged 
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Anatomical 
Compartment’s 
Representative Tumor 
Surgery and Video

Young San Ko and Chun Kee Chung

Abstract
Until now, we have introduced classic exam-
ple of tumors and elucidated operative strategy 
depending on each anatomical compartments. 
As mentioned at the beginning, the best benefit 
using the concept of anatomical compartments 
in surgery is that if we can confine our work in 
one compartment, other compartments will be 
beyond of our concern. In this chapter, we are 

going to solely focus on operative strategy for 
securing specific anatomical space depending 
on anatomical compartment of each tumor.

Keywords
Anatomical compartment · Video · And 
strategy

19.1  Surgical Video 
and Demonstration of Surgical 
Strategy for Securing 
Anatomical Spaces Depending 
on Anatomical Compartment

19.1.1  Surgical Approach 
for Intradural Extra-
Arachnoid Space

The intradural extra-arachnoid space is a poten-
tial one between dura and outer membrane of 
arachnoid. The surgical procedure depends on 
whether the spinal cord is pushed backward or 
pushed forward. When the cord is pushed for-
ward, the dura is opened, the arachnoid is lifted 
(Epi-arachnoid approach) and the tumor can be 
removed. Find the interface between the dura 
and the outer layer of arachnoid membrane and 
secure this space is the most important point, 
then tumor can be easily followed through this 
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Video Case
A 59-year-old female patient complained of 
gait disturbance. The patient also complained 
of leg paresthesia. Her magnetic resonance 
(MR) images showed that 1.7 × 1.2 × 1.1 cm 
sized ovoid mass at the intradural extramedul-
lary region in the T8-9 spinal canal (Fig. 19.1). 
The patient underwent spinal cord tumor 
removal with epi-arachnoid approach. When 
dura was opened, the tumor was showed at 
epi-arachnoid space. The tumor was removed 
without incision of arachnoid membrane 
(Video 1).

A 68-year-old female patients com-
plained of leg weakness for 3 months. She 
has felt tingling sense at both soles several 
years ago. The patient checked MR imaging, 
which demonstrated 1.2 × 1.1 × 1.3 cm mass 
at the T10 level (Fig. 19.2). Surgery for the 
patient was performed extra-leptomeningeal 
approach. After midline dura incision, the 
tumor was found via ventral epi-arachnoid 
approach. The dentate ligament was cut to 
make the operation field. Arachnoid mem-
brane was dissected from the tumor and 

interface. Once the tumor is found, peel the 
outer arachnoid off from the tumor using instru-
ments such as microforcep, suction, and blunt 
hooks. If surgeon meets bleeding from this 
step of procedure, it always will happen tumor 
side of this interface and easily coagulate with 
microbipolar. Once intradural extra-arachnoid 
space is secured with this method, surgeon 
can begin to peel tumor off the dura. Damages 
to subarachnoid structure (particularly vas-
cular structures) can be avoided through this 
approach.

On the other hand, if the cord is pushed 
dorsally, an epi-arachnoid approach is some-
times impossible [1]. In this case, first thing 
to do is find and cut dentate ligaments along 
the interface between the dura and the arach-
noid membrane. If the outer layer of arachnoid 
membrane disturbs surgeon’s view, open the 
dorsal outer layer and go into the subarach-
noid space. And then, open the ventral outer 
layer again to approach the subdural space. 
In other words, the arachnoid is opened twice 
to enter the epi-arachnoid space (ventral epi-
arachnoid) [2, 3].

Fig. 19.1  Magnetic resonance images (MRI) of the 
thoracic spine revealed about 1.7 × 1.2 × 1.1 cm sized 
ovoid mass at left side of T8-9 intradural extramedullary 

region. The tumor showed homogenous enhancement. 
The spinal cord displaced to the right
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the tumor was removed piecemeal pattern. 
Finally, dura of the tumor origin was coagu-
lated with curettage (Video 2).

19.1.2  Surgical Approach for Intradural 
Intrapial Intraependymal Space

Even though tumor located in the intradural 
intrapial intraparenchymal space is commonly 
known as intramedullary tumor, we believe its 
misnomer and proper name should be intrapial 
intraependymal tumor considering it’s anatomi-
cal origin which is ependymal cell lining of the 
central canal of the spinal cord, when it comes 
to ependymoma. From this point of view, it can 
be said that tumor located in this space has noth-
ing to do with parenchyma of the spinal cord 
itself.

The key surgical strategy is get into central 
canal passing through spinal cord with the short-
est distance which will minimize neural damage. 
It is common misguided belief that dissection 
should be in the direction of peeling white mat-
ter from the tumor which could lead to sub-
stantial damage for gray matter [4]. The most 
important point is how to save this paper-thin 
remnant gray matter.

As previously described in previous chapters, 
conventional approach needs to be done before 
tumor exposure. Dura and arachnoid need to 
be opened respectively. The next step is to try 
best to find true midline using multiple adjuncts 
methods. It is known that dorsal column map-
ping can be useful for finding functional midline 
in the spinal cord. Identifying bilateral vessel is 
also important to find anatomical midline. Once 
the location of midline is identified, further step 
is to make midline myelotomy using ophthal-
mic knife. Care should be taken not to do mid-
line myelotomy at once. Gradual, step by step 
myelotomy should be done at the plane between 
bilaterally existed vessels to reduce neural dam-
age. The other important concept is that tumor 
is never located in the exact midline, but tumor 
is slightly one-sided as shown with lateralization 
of patient’s symptom or imaging studies.

After myelotomy, one can find tumor easily 
with different gray color and consistency from 
spinal cord. Once tumor is exposed, the follow-
ing step is to enter central canal which one can 
feel with gushing out of CSF. After entering into 
central canal, the other key point is that dissec-
tion of gray matter should be done using epend-
ymal lining as interface between tumor and 
normal anatomical layer. The last point would 

Fig. 19.2  Magnetic resonance images (MRI) of the 
thoracic spine revealed about 1.2 × 1.1 × 1.3 cm well 
enhancing mass at the right level T10. The tumor was 

located at intradural extramedullary region with suspi-
cious focal dural enhancement. The spinal cord displaced 
to the backward
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concept of anatomical compartment. It can be 
speculated that approach to this tumor should be 
different from tumor located the intradural intra-
pial intraparenchymal space above point that 
their anatomical compartment is truly different. 
The bottom line is that there will be inevitable 
neural tissue damage, to minimize this damage 
is the key point. This can be possibly done with 
approaching tumor using shortest distance as 
possible. Depending on tumor location, myel-
otomy can be started in the midline or surface 
where closest point to the tumor. As mentioned 
in the ependymoma section, using CUSA makes 
anatomical layer non-differentiable and make 
the operation more difficult. The only factors we 
can rely on are color and consistency of tumor 
during the operation.

Video Case
A 30-year-old male patient complained of both 
extremity tingling sense. His magnetic reso-
nance (MR) images showed that 3 cm sized 
enhancing mass at T11–T12 with hemosiderin 
cap and enhancement at the inferior portion 
(Fig. 19.4). The patient underwent intramed-
ullary cord tumor removal. Since tumor was 
located at the midline, midline myletomy was 
done. Tumor could be differed from normal spi-
nal cord with grayish color and different consist-
ency (Video 6).

like to mention is not to use cavitron ultrasonic 
surgical aspirator (CUSA) which will destroy 
layers of anatomic compartment and make the 
operation difficult, on the contrary to general 
belief [4, 5].

Video Case
A 67-year-old female patient complained of tin-
gling sense. The patient also complained of both 
lower extremity weakness. Her magnetic reso-
nance (MR) images showed that 8.2 cm sized 
enhancing mass at C4-T2 with cephalo-caudal 
syrinx formation (Fig. 19.3). The patient under-
went intramedullary tumor removal. After dura 
opening, midline was identified with dorsal col-
umn mapping. Once myelotomy is done, tumor 
could be easily found and dissected after enter-
ing into central canal (Video 3).

Preoperative neurologic status of the patient. 
Patient couldn’t carry out tandem gait (Video 4).

Postoperative neurologic status of the patient. 
Patient didn't show any postoperative neurologi-
cal aggravation (Video 5).

19.1.3  Surgical Approach for Intradural 
Intraparenchymal Space

Tumor located in the intradural intraparehcymal 
space is true intramedullary tumor applying our 

Fig. 19.3  Magnetic resonance (MR) images showed that 2 cm sized cystic enhancing mural nodule in right posterior 
cervicomedullary junction with prominent cord edema



16919 Anatomical Compartment’s Representative Tumor Surgery and Video

can be peeled off from the pial surface using 
microsurgical instruments. Once dissection is 
completely done, easily identified feeder and 
draining vein can be coagulated in consecu-
tive order. Other one is a difficult situation that 
tumor cannot be verified at the cord surface 
except feeders and draining veins. For this situ-
ation, the key point is to dissect every feeder and 
draining vein patiently from cord surface with 
assistance for indocyanine green angiography 
(ICGA) [8]. When the tumor is finally exposed, 
the following steps are same as previous situa-
tion. Surgeon should peel off tumor from the 
pial surface circumferentially, with minimize 
coagulation.

The other one is rare situation that purely 
ventrally located tumor which needs myelotomy. 
After myelotomy, tumor need to be verified and 
peeled off from the normal parenchyma. The 
following step is same as above situations.

Video Case
A 55-year-old female patient complained of 
right-hand numbness and tingling sense. Her 
magnetic resonance (MR) images showed that 
2 cm sized cystic enhancing mural nodule in 
right posterior cervicomedullary junction with 
prominent cord edema (Fig. 19.5). The patient 

19.1.4  Surgical Approach for Intradural 
Extraparenchymal Pial Space

It is the beginning point that tumor located in 
the intradural extraparenchymal pial space is not 
true intramedullary tumor but extraparenchy-
mal pial tumor which means tumor located at 
the pial surface where vascular structure exists 
as we know. From this point of view, it is pos-
tulated that this tumor can be dissected from 
spinal cord surface with different consistency 
of tumor from cord itself. Once one can find 
the interface between tumor and spinal cord, 
feeder is able to be separated from the cord sur-
face. After the separation, the only thing to do 
is coagulate these vessels and remove the tumor 
[6, 7]. Classical concept of operation for tumor 
in this space is that one should coagulate every 
vascular structure that we can see under micro-
scopic view. Our surgical strategy is slightly dif-
ferent from this. The most important thing is to 
trace tumor without loss of extraparenchymal 
pial space which cannot be easily differentiated 
after massive indiscreet coagulation.

There would be three situations for tumor 
in this space. First one is easier situation that 
tumor can be verified after dura and arachnoid 
opening. If surgeon can verify tumor, tumor 

Fig. 19.4  3 cm sized enhancing mass at T11–T12 with hemosiderin cap and enhancement at the inferior portion
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at T12 vertebral body level with flow void at 
dorsal aspect of the tumor (Fig. 19.6). Spinal 
angiogram showed hypervascular tumor stain-
ing through anterior spinal artery and posterior 
spinal artery (Video 8). The patient underwent 
intramedullary cord tumor removal. Tumor 
couldn’t be easily verified in that massive vas-
cular structure was covered whole surface of 
tumor. Intraoperative angiography was done 

underwent intramedullary cord tumor removal. 
Tumor can be easily identified after dura and 
arachnoid opening and could be peeled off eas-
ily from the pial surface (Video 7).

A 25-year-old male patient visited our clinic 
with consistent right upper extremity paresthe-
sia for 4 months. His magnetic resonance (MR) 
images showed that 1.4 × 1.2 × 2.2 cm sized 
lobulating enhancing intramedullary tumor 

Fig. 19.5  2 cm sized cystic enhancing mural nodule in right posterior cervicomedullary junction with prominent 
cord edema

Fig. 19.6  1.4 × 1.2 × 2.2 cm sized lobulating enhancing intramedullary tumor at T12 vertebral body level with flow 
void at dorsal aspect of the tumor
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perineurium should be opened using same con-
cept above.

When the most outside tumor capsule is 
exposed, this capsule is epineurium and opened 
after verification of no functional neural tissue 
underneath. The next capsule is epineurium and 
also opened the same technique as we do for 
perineurium. Now one can already know that 
we are in this space with existence of clear fluid 
as CSF existence in subarachnoid space. Tumor 
can be easily dissected from the other fascicle 
and outer capsule using circumferential dissec-
tion with instrument and cottonoid without any 
damage to endoneurium of other nerve fascicle. 
En-bloc removal can be usually achieved after 
dissection.

Video Case
A 39-year-old female known neurofibromatosis 
type 2 patient complained of left axillary pain 
for several months. Her magnetic resonance 
(MR) images showed that 5.1 × 4.5 cm sized 
encapsulated T2 hyperintense mass at left 
axillary area, abutting left brachial plexus 
(Fig. 19.7). The patient underwent extradural 
tumor removal. Axillary approach was done 
with help of thoracic surgeon. Tumor could be 
identified after dissection of pectoralis minor 
and teres minor muscle with prominent capsule. 

with indo-cyanin green (ICG) to confirm anat-
omy of feeding vessels. Epi-arachnoid dissec-
tion was done firstly around main feeder, tumor 
can be notified underneath of main feeder. Same 
strategy was used for other vessels at lateral 
and medial location, and whole tumor could be 
exposed and removed at once (Video 9).

19.1.5  Surgical Approach 
for Extradural Intra-epineurial 
Intra-perineurial Space

To understand the concept of anatomi-
cal compartments in intra-epineurial and  
intra-perinuerial space, the starting point is to 
have speculation that endoneurium of peripheral 
nervous system (PNS) is extension of pia mater 
at central nervous system (CNS), perineurium is 
extension of arachnoid mater, and epineurium is 
extension of dura mater.

When approach to this space, we can apply 
same strategy as we do tumors in intradural 
extramedullary space such as schwannoma. As 
described in previous chapters, tumor in intra-
dural extramedullary space is located under 
arachnoid space and we can only approach it 
after arachnoid opening. To access and remove 
tumor located in this space, epineurium and 

Fig. 19.7  1 × 4.5 cm sized encapsulated T2 hyperintense mass at left axillary area, abutting left brachial plexus with 
peripheral enhancement and cystic change
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space, and extradural intra-epineurial intra-per-
ineurial space can be safely removed with the 
concept of anatomical compartment.
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After the opening of epineurium (most outside 
capsule) and perineurium (next underneath cap-
sule), tumor can be easily dissected from the 
capsule and removed (Video 10).

A 48-year-old female patient visited clinic 
due to radiating pain from left back to thigh 
for a year. Her magnetic resonance (MR) 
images showed that 3.7 × 3.2 × 5 cm sized T2 
hyperintense, enhancing fusiform mass in the 
left paraspinal area (Fig. 19.8). The patient 
underwent lateral retroperitoneal approach 
with tumor removal. Tumor capsule could 
be identified after dissection of psoas mus-
cle. After verifying no functional neural tis-
sue underneath of tumor capsule, epineurium 
(most outside capsule) and perineurium (next 
underneath capsule) was sequentially opened, 
tumor can be easily dissected and removed 
(Video 11).

19.2  Conclusion

Tumors located in the intradural extra-arach-
noid space, intrapial intraependymal space, 
intraparenchymal space, extraparenchymal pial 

Fig. 19.8  3.7 × 3.2 × 5 cm sized T2 hyperintense, enhancing fusiform mass in the left paraspinal area extending from 
the L2 and L3 neural foramen to the left psoas muscle
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Results of Representative 
Tumor Surgery of Each 
Anatomical Compartment
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Abstract
The extent of tumor resection and nature of 
tumor appear to determine the surgical out-
comes of the spinal cord tumors. Surgical 
techniques and perioperative management of 
spinal cord tumors have evolved over time, 
improving the outcomes of patients in gen-
eral. In this chapter, we review surgical and 
clinical outcomes of different types of spinal 
tumors based on our experience.

Keywords
Spinal cord 
tumor · Surgery · Treatment · Outcome

20.1  Intradural Tumors

20.1.1  Intrapial Tumors

20.1.1.1  Astrocytoma

Kim et al. reviewed a total of 30 operations per-
formed on 28 patients (male 19, female 9) for 
spinal astrocytoma between April 1978 and June 
1999 [1, 2]. Gross total resection (GTR) was 
achieved only in 3 patients with low grade astro-
cytomas. Subtotal or partial resection was seen 
in 21 patients and biopsy was done in 6. One 
patient underwent biopsy and syringosubarach-
noid shunt simultaneously, and another patient 
received syringosubarachnoid shunt only.

Postoperatively, one patient achieved bet-
ter functional outcome with improved Nurick 
grade. The grades remained the same in 21 
patients, but 4 of them, who had low grade 
astrocytomas, reported to have improved sen-
sory or motor symptoms. The neurological sta-
tus and Nurick grade deteriorated in 6 patients.

The mean observation period was 6.5 months 
(range 0.5–184 months), 11 patients died during 
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2 patients, and three times in 2 patients. Overall, 
GTR of tumor was achieved in 82 patients, sub-
total resection (STR) in 15 patients, and partial 
removal in 1 patient. Postoperatively, 6 of the 88 
patients reported to have improved neurological 
status, whereas 46 patients remained unchanged 
and 36 deteriorated; paralyzes and/or bladder/
bowel dysfunction in 14, proprioceptive deficits 
in 20, dysesthesia and/or paresthesia in 11.

In terms of postoperative complication, 3 
patients experienced postoperative CSF leak-
age and all of them were treated with a revision 
surgery and/or lumbar drainage. Seven patients 
developed wound problems and 3 developed 
postoperative kyphosis.

Of the 88 patients, 20 underwent postoperative 
radiotherapy and one received chemotherapy due 
to diffuse meningeal seeding. Even with adjuvant 
therapies, 15 patients presented with recurrent or 
progressive disease during the median follow-up 
period of 7.29 months. The postsurgical mortal-
ity rate within two months was 0%. However, 2 
patients with anaplastic ependymoma died 12 and 
22 months after surgery, respectively.

Also, we retrospectively reviewed the more 
recent patient data between December 2011 and 
January 2017 (Table 20.1). A total of 41 patients 
(30 patients with ependymoma and 11 patients 
with myxopapillary ependymoma (ME)) were 
identified. Anaplastic ependymoma was not seen 
during this period. Surgery was performed once 
only in all patients and GTR of tumor was pos-
sible in the majority of patients: only 1 patient 
with ependymoma and two with ME underwent 
subtotal resection of tumor. The two patients 
with ME received adjuvant radiotherapy: one 
had leptomeningeal seeding of ME on initial 
presentation and the other received subtotal 
resection of tumor due to the tumor insepara-
ble from the cauda equina. The mean follow-up 
duration was 3.4 year and recurrence or progres-
sion of tumor have not been reported.

Postoperatively, MMS score improved in 14 
patients: 7 in ependymoma and 7 in ME. On 
the other hand, symptoms or neurological sta-
tus worsened postoperatively in 11 patients (10 
in ependymoma and 1 in ME); 7 complained of 
worsening motor weakness, 3 sensory change, 

this period. The survival rates were significantly 
different according to the histological grades. 
For low grade astrocytoma (n = 18), the cumula-
tive survival was 62.3% after 8.5 years, whereas 
the higher grade astrocytomas (n = 10) showed a 
poorer outcome with the survival of 19.1% after 
11 months (p = 0.00117).

Postoperative complications included neuro-
logical deterioration in 6 patients and CSF leak-
age in 1 patient. No death was reported within 
2 months of surgery.

We looked at the more recent patient pool, 
which included a total of 11 patients who under-
went surgery and had histologically proven spi-
nal cord astrocytoma between 2012 and 2015. 
There were 3 men and 8 women. Of the 11 
patients, 3 had diffuse astrocytoma, 5 anaplas-
tic astrocytoma, 2 pilocytic astrocytoma and 1 
glioblastoma. GTR of the tumor was achieved in 
one patient, whereas partial or subtotal resection 
was done in 6 and biopsy only in 4. The mean 
follow-up period was 32.7 months (range 0.7–
72 months). Preoperative and postoperative neu-
rological status was assessed using the Modified 
McCormick scale (MMS). No patient died dur-
ing the period but neurological deterioration 
was reported in 6 patients. One patient improved 
functional status postoperatively and 4 patients 
remained stationary. The grade of astrocytoma 
did not have correlation with the final neurologi-
cal status of patients (p = 0.196).

Postoperative complication was observed in 
one patient with anaplastic astrocytoma. The 
patient underwent a revision surgery due to 
wound dehiscence.

These two studies, which were performed a 
decade apart, revealed no significant changes in 
the extent of tumor resection and postoperative 
outcomes over time. Authors believed that both 
features completely depend on the characteris-
tics of astrocytoma.

20.1.1.2  Ependymoma [3]

Eight-eight patients (male 60, female 28) who 
had been diagnosed with ependymoma between 
January 1989 and December 2009 were reviewed. 
Surgery was done once in 84 patients, twice in 
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1 urinary symptom, and 1 postoperative kypho-
sis. No one experienced CSF leakage or wound 
problem.

These two studies, also performed a decade 
apart, showed improvements in the extent of 
tumor resection and postoperative patient out-
come over time (Table 20.1). Understanding that 
ependymoma is intra-ependymomal in origin 
has made a great contribution to the change.

(Unpublished data).

20.1.2  Pial-Extrapial

20.1.2.1  Hemangioblastoma [4]

The surgical outcome of hemangioblastoma has 
been discussed in the chapter 9. Please refer to 
the chapter.

20.1.3  Sub-Arachnoidal

20.1.3.1  Schwannoma

From March 2010 to December 2014, a total of 87 
patients underwent operation and had pathologically 

proven intradural schwannomas. Of the 87 cases, 
intradural extramedullary (IDEM) type was the 
most frequently encountered entity (n = 64), fol-
lowed by dumbbell shaped in 21, and invasive in 2.

Surgery was performed once in 78 patients, 
twice in 5 and three or more times in 4. Overall, 
GTR was achieved in 79 patients, NTR in 2 and 
STR in 6. Postoperatively, 84 of the 87 patients 
(96.6%) reported to have symptoms improved 
or unchanged. Three patients experienced wors-
ened symptoms postoperatively, but one of them 
recovered to their preoperative status, whereas 
the other two did not.

Complications included vertebral artery 
injury, CSF leakage, infection and neurological 
deterioration.

Vertebral artery (VA) injury was seen in 2 
patients; both of them had dumbbell-shaped 
schwannoma. VA was sutured in one patient and 
the other underwent trapping of VA as it was not 
a dominant VA. Both of them recovered without 
neurological sequelae.

CSF leakage was seen in one patient lead-
ing to the formation of pseudomeningocele. 
This patient later presented with discharge 
and required further surgeries. One patient 
reported to have deteriorated motor power 
postoperatively.

Table 20.1  Comparison of outcomes of patients with ependymoma (unpublished data)

Parameter No. of patients (1989–2009) No. of patients (2011–2017)

Ependymoma 
(n = 64)

Myxopapillary 
(n = 24)

Total (n = 88) Ependymoma 
(n = 30)

Myxopapillary 
(n = 11)

Total 
(n = 41)

Type of surgery

GTR 52 20 72 29 10 39

STR 11 4 15 1 1 2

Partial 1 0 1 0 0 0

Adjuvant therapy

Radiotherapy 13 7 20 0 2 2

Chemotherapy 1 0 1 0 0 0

Complication

Motor weakness 6 0 6 6 1 7

Bladder/bowel 3 5 8 1 0 1

Sensory change N/A N/A N/A 3 0 3

CSF leakage 2 1 3 0 0 0

Wound problem 5 2 7 0 0 0

Postop kyphosis 3 0 3 1 0 1
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reviewed the final neurological status and tumor 
recurrence rates of patients and compared 
them to those of patients with Simpson grade I 
removal of meningiomas. No neurological dete-
rioration was observed in patients with Simpson 
grade II removal and only one patient had a 
recurrent tumor 92 months postoperatively. 
These results lead the authors to suggest that 
Simpson grade II removal may be an alternative 
option to Simpson grade I removal if the risk of 
complications is likely to be high with Simpson 
grade I removal.

20.2  Dural Tumors

20.2.1  Solitary Fibrous Tumor/
Hemangiopericytoma

Due to its rarity, only 6 cases of primary solitary 
fibrous tumor/hemangiopericytoma have been 
seen at our institute between 2010 and 2017. 
Five patients had grade II tumors and 1 had 
grade III tumor. Overall, GTR was achieved in 4 
cases and STR in 2. Those 2 patients with STR 
both showed regrowth of tumor in 58 months 
and 6 months, respectively. The patient with 
anaplastic solitary fibrous tumor underwent the 
first surgery at other hospitals and the immediate 
postoperative MRI scan showed no evidence of 
residual tumor. However, lower extremity pain 
occurred 65 months after the initial operation 
and the follow-up MRI showed an IDEM tumor 
at a different spinal level. The pathological 
examination confirmed a diagnosis of anaplastic 
solitary fibrous tumor and the patient received 
adjuvant radiotherapy. 2.5 year postoperatively, 
the patient remained asymptomatic with no evi-
dence of recurrence in the follow-up MRIs.

(Unpublished data).

20.3  Extradural Tumors

20.3.1  Schwannoma

Schwannomas originating outside the dural 
sac can mimic the symptoms of IDEM or 

Compared to the above-mentioned schwan-
nomas, intramedullary schwannomas are very 
rare. Only 9 cases (male 4, female 6) were seen 
between 1995 and 2010 and they accounted for 
2.7% of all spinal cord schwannomas [5]. They 
all underwent surgery: GTR was achieved in 
8 and STR in 2. In those with STR, the mag-
netic resonance imaging (MRI) showed no 
interval change in the residual tumors during 
their 45- and 55-month follow-up. Overall, the 
Japanese Orthopedic Association (JOA) score 
significantly improved (p < 0.01) postoperatively. 
However, 4 patients had remaining motor defi-
cits and 2 had remaining sensory disturbance.

(Unpublished data).

20.1.4  Extra-Arachnoidal

20.1.4.1  Meningioma

A total of 38 patients (male 7, female 31) were 
reviewed with spinal canal meningioma [6]. 
Thirty-four cases were located in intradural 
space, 2 in epidural and 2 in intradural and 
extradural space. All underwent microsurgical 
resection: GTR in 32 and STR in 6. Using the 
Simpson grading, 10 achieved Gr I resection, 
Grade II in 17, Gr III in 4, and Gr 6 in 4. The 
extent of resection was not clear for one patient 
as he underwent surgery at other hospitals.

During the average follow-up of 73 months, 
no radiological evidence of tumor recurrence 
was seen in patients with Simpson Gr I, II, or III 
resection. Six recurrence cases were observed; 
5 patients with Gr IV resection and one with an 
unknown extent of resection. Five recurrence 
cases underwent one additional surgery and one 
case proven to be malignant meningioma under-
went two additional surgeries.

No immediate postoperative death occurred 
but two patients died of progression of malignant 
meningioma. Two cases of postoperative CSF 
leakage were reported and the other two had 
worsened neurological status after the surgery.

Kim et al. performed a retrospective review 
in 20 patients who had Simpson grade II 
removal of spinal meningiomas [7]. They 
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status improved or remained stationary in 8. 
Three patients reported deterioration of their 
symptoms: two patients had reduced motor 
power and one reported worsening pain. 
Reoperation was performed in one patient due to 
postoperative CSF leakage.

Tumor recurrence was seen in one patient 
but the patient was treated conservatively as she 
remained symptom free. In patients with STR of 
tumors, the lesions remained unchanged in the 
follow-up MRIs.

(Unpublished data).
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dumbbell-shaped schwannoma. From March 
2010 to December 2014, 4 foraminal schwan-
nomas and 5 paraspinal schwannomas were 
seen. The main presenting symptoms of the 
patients were pain and sensory change, which 
were the same as the symptoms of patients with 
IDEM or dumbbell shaped. Surgical removal 
was attempted in all cases but only one forami-
nal case and 3 paraspinal cases were resected 
completely. Three foraminal schwannomas 
achieved STR and 2 paraspinal schwannomas 
had STR and NTR, each of 9 extradural schwan-
noma patients, symptoms improved or remained 
unchanged in 8. Only one patient reported 
worsened symptoms postoperatively but they 
returned back to the preoperative status. One 
complication was seen: A patient with paraspi-
nal schwannoma had VA tear intraoperatively 
and the VA was sutured. The patient made a full 
recovery without neurological deficits.

(Unpublished data).

20.3.2  Neurofibroma

Between 2012 and 2017, 11 patients with spinal 
neurofibroma were identified. Three of them had 
previously diagnosed neurofibromatosis type 
I (NF1) and one had neurofibromatosis type 2 
(NF2). One patient was suspected to have NF1 
but the clinical information was incomplete. The 
rest of them did not have NF1 or NF2. All but 
one had dumbbell-shaped tumor. The patient 
with NF2 had multiple IDEM tumors in the 
lumbar region. Initially, schwannomas were sus-
pected but the pathological examination revealed 
that they were neurofibromas.

They all underwent surgery. GTR was 
achieved in 8 patients, STR in 3. Neurological 
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The Future Direction 
to Improve the Outcome 
of Surgery for Spinal 
Cord Tumors

Chun Kee Chung

Abstract
At present, the concept of compartmentali-
zation is helpful in surgery for spinal cord 
tumors. However, in near future, the follow-
ing advancements could further improve the 
outcome, including optics for better visual-
izing the tumor, physiological tools for better 
delineation of the individual tracts, genomic 
input for understanding tumorigenesis of 
spinal cord tumors, and finally better under-
standing of the natural history.

Keywords
Optics · Physiology · Tumorigenesis · Natural 
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This book emphasizes the concept of compart-
ment in surgery for spinal cord tumors. With the 
current technologies at hand, the addition and 
application of the concept of compartmentaliza-
tion is definitely helpful to improve the outcome 
of surgery for spinal cord tumors. However, still 
we have limitations which need to be improved.

When a certain spinal cord tumor developed 
and is confined to one compartment, we neu-
rosurgeons could remove that tumor without 
incurring any more damage to the neighboring 
structures at least theoretically. In that sense, 
surgery of the spinal cord tumor is not any more 
a kind of wait and see surgery. We could expect 
its outcome with a reasonable accuracy.

However, we still have a formidable limita-
tion in the tumor which does not abide by the 
compartment. Representative is the malignant 
tumors, although it is not limited to malignant 
tumors. One of the examples is neurofibromas, 
particularly plexiform type, since it follows the 
nerves, but does not grow in a globoid form. It 
has a tendency to extend through the normal 
nerve fibers. Hence, although we could remove 
the neurofibromas, there always remains a possi-
bility that a tumor remnant would be left behind. 
The most important difference between the 
systemic tumors and spinal cord tumors is that 
spinal cord is indispensable. If we resect a por-
tion of the normal spinal cord with its append-
ages, there is always a consequence. Only 
in a small portion of tumors without evident 
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imaging such as birefringence imaging, in near 
future we are going to map almost all tracts we 
are aware of and determinant for the functional 
outcome postoperative.

For malignant IM cord tumors, surgery has 
a limited value, since it could not change the 
outcome as we expect it should. To improve its 
outcome, we need to understand its biology. 
Usually they do not abide by the compartment. 
They are not pushing the normal structure, but 
invading the normal structures with intermixing. 
Hence, we are not certain whether we remove 
the tumor only and save the normal structure. 
Also since the spinal cord is indispensable in 
our lives, we could not resect the spinal cord 
with tumors. The traditional concept of  marginal 
resection is not applicable to the spinal cord 
surgery. Now it becomes consensus that in low 
grade gliomas in the brain, the extent of resec-
tion is critical for the survival. The more we 
resect, the better the outcome. To achieve that 
goal, we should devise a better tool to visualize 
the normal structure mixed with tumors. Here 
I stress that visualizing the normal structure 
should be more emphasized than visualizing 
tumors.

As far as we know, the spinal cord resem-
bles neural tube most than any other central 
nervous structures. The malignant tumor in the 
spinal cord would represent the whole spec-
trum of central nervous tumors. However, there 
are dearth of genetic studies in the spinal cord 
tumors. In the following years, I would expect 
there would be a plethora of genomic data from 
the spinal cord tumors. Also once we understand 
the tumorigenesis and its biological behavior, 
we may have a better tools to hinder its devas-
tating effect. I presume that the trial from the 
spinal cord tumors would easily translate to the 
whole central nervous tumors, since the spi-
nal cord is the prototype of whole central nerv-
ous structures. Particularly I am interested in 
molecular changes in tumor cell of origin and 
geno-phenotyping. Once we achieve some suc-
cess in the spinal cord tumors, then we are in a 
sense prepared to address the brainstem tumors, 
which is in a worse shape than spinal cord 
tumors in terms of treatment. The translation 

compartmentalization, we could achieve mar-
ginal resection if the involved part is dispensa-
ble such as dura or nerve roots. Here we could 
proceed the surgery with results expected and 
acceptable by patients if we discuss the follow-
ing risk preoperatively.

The whole chapters of this book emphasize 
the concept of compartment. Up until the pre-
sent moment, our surgery heavily relies upon 
the operative microscope which provides us 
an excellent illumination and magnification. 
However, the future would lie on the technolo-
gies which may replace or compete with opera-
tive microscope. Most promising technology 
in the horizon is the endo- or exoscopy with 
high resolution (at least over 4 K resolution) 
and 3D. However, even with the popularity of 
endo- or exoscopy, there would remain a room 
for a conventional microscopy, which still could 
provide a much higher resolution, enabling the 
most dexterous surgery possible, particularly 
for the surgery using fine anatomy of compart-
ment. However, the technology providing the 
visualization of fiber tracts could change the 
whole game, since the outcome of surgery of 
spinal cord tumors is dependent upon how we 
could save the normal tracts and remove the 
tumor only. Hence, the need for such technology 
is immense. I have an opinion that the current 
development of optics could fill the gap. Firstly 
I am looking for the optical computed tomogra-
phy as the candidate. It has a potential to change 
our practice as it changed the ophthalmology. 
Also confocal microscope or two-photon micro-
scope are looming in the horizon. However, 
those tools providing higher magnification 
beyond the human visuomotor capacity has their 
own constraint, which delimit their application 
to the clinical theater.

Aforementioned comment is from an ana-
tomical perspective. From the physiological 
perspective, I wholeheartedly feel that the cur-
rent mapping technology is at its infancy. There 
is a lack of mapping tracts in the spinal cord, 
although we are using several evoked potential 
and electromyography monitoring. Dorsal col-
umn mapping should be the starting point of 
such an endeavor. Combined with anatomical 
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from the spinal cord tumors to brainstem tumors 
makes more sense than that from brain tumors to 
brainstem tumors, since as I wrote above under-
standing the prototype here spinal cord tumors is 
much easier than understanding the end product 
here brain tumors.

To make a real advance in malignant spinal 
cord tumors, we need a better systemic treat-
ment modality. We have failed to devise a sys-
temic treatment even in tumors with well-known 
genetic background, including neurofibroma-
tosis, von Hippel-Lindau disease, and multiple 
CNS cavernous angiomas. In the near future, I 
expect we would have a better systemic treat-
ment modalities for these entities.

Last but not least, we have to have a better 
understanding for the natural history of spinal 
cord tumors. We have the issue of incidental 
tumors with advancement and popularity of 

imaging studies. However, pure lack of under-
standing of natural history makes us feel uneasy 
for whether to proceed to surgery, when to have 
a surgery, how to follow-up, (and) what the risk–
benefit would be, etc.

To wit, I expect the future treatment of spi-
nal cord tumors will be changed with advance-
ment of optics for better visualizing the tumor, 
physiological tools for better delineation of the 
individual tracts, genomic input for understand-
ing tumorigenesis of spinal cord tumors, which 
is a prototype of all central nervous tumors, and 
finally with better understanding of the natural 
history, which enables us to make better profes-
sional opinion.

I hope the next edition of this book could 
incorporate the advancement which I have men-
tioned above.
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