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Foreword to volumes 19.and 20

N - t. S Ty

\These two volumes on spinal tumours -.complete " a series: of five on space-
“occupying processes' of .the central nervous system: The initial symptoms of
spirial tumours may be at least as subtle as.those of cerebral tumours, ‘even if the
coordinates. of functional damage, viz. those of shape; space, and time, eventual-
Iy allow only a fairly stereotyped clinical phenomenology. The spinai cord, by
virtue of its elongatea shape, predetermines the coordinate of space to a large
- extent’ this organ; with a length of about 45 cm and a cross-sectional area of
about 2 cm?, the functions of which are linked to.lamellar and coltmnar sub-
strata of organisation, without local functional concentrations and differentia-
tions, is starcely a condidate for a protean gamut of functional derangement.

It seerns however, as if the spinal cord compensates for its relatively narrow

" range of symptoms by exploiting the.potentiiities of its. unpaired nature. The
‘tatastrophic effect of its functional interruption, as exemplified by the spectacle
of the young spinal paraplegic or tetraplegicsubject in:a wheel-chair or Siryker’s
frame, constitutes one of the most heart-rending challenges of neurology. In. the

‘spring of 1967, one of the Editors (G.W.B.) had lunckeon with the Drs Garcin,
Bonduelte and Gathier a: Raymond Garcin’s favousite restaurant in Raris. The
discussion centred around two subjects, namely the paramount, diagnéstic value
of history-taking and ‘the 'feasibility of fundanvental thérapeutic progress in
spinal lesions: Garcin summwed up his 50 years of experience in neurology in a
single sentence: ‘Il n'y a'qu’une chose que je reproche-au bon Pére et Cest de
nous avoir-denné qu ‘une seule moelle épiniére’.

Otlhver factors than its elongated shape and the fact-that it is.an unpcured organ
confer-upon the spinal cord a special brand. of symptomatology. The enclosure
of ‘this organ in a bony tube which will not yield to. space-occupying lesions

-dntroduces localised pressure as @ major disabling -element. Accordingly, the
‘Editors decided. to -assign all spaceé-occupying lesions within the vertebrab canal
‘to the category of ‘spinal tumours’, including even lesions that are essentially
‘either benign or not of blastomatous nature at all. Thus, intervertebral disc
prolapse stretching the spinal nerve root figures in these volumes, as well as
cartllaginous exostoses and ‘neurenteric cysts. A natural consequence of this
decisions would have been.also to include lesions such as epidural haematoma

A\



Vi ' REWORD

or abscess. However, in orderj’; achieve a pracgécal demarcation of categories
of lesions, the Editors have allﬁcated spinal eptdurat haematoma to the volumes
on injuries, well aware as they are that.this haematoma is rarely, if ever, of
traumatic origin. Most people would undoubtedly agree with this assignation,
and would look for spinal epidural haematoma in the volumes dealing with
injuries. ,

The final coordinate in the diagnosis, particularly in the treatment of spinal
spgce-occupxmg processes, 1;\ time. It has been too often the experience: of the
Editors (aAd imdubutablyxaw of rd&tys linital meutoioguts}’ thhf the main
shortcoming in the practice of. neurology is the lack of organisational and
diagnostic alacrity in’forestalling the accomplished fact of a complete cord
transection, or, once it has developed, in instituting appropriate surgical treat-
ment. This latter action is too often delayed notwithstanding the proven fact
that -recovery of function is impossible -unless this treatment is begun within
hours of the onset. of the: complete tramsestional picture. ‘Anticipation .is the
mother of control® must be ithe diagnostic.guideline of the neurologist in. this
group. of decisions, and the highest level of energetit and purposeful collabara-
tion between neurologist, newroradiologist and neurosurgeon should be the
dominating -principle  of: therapeutic organisation. . : . RO

The reader will discover in these two volumes 1he same bas:s concept of lay-
out as. followed in all the preceding voiumes.uT};e..mamx of the site and the
-rature of the lesions underlies.the. pattern of each-chapter. It enters into.gvery
facet of the entire :fiald. and: aims to promete diagnosiic acumen; since the.in-
sidious and misleading nature of spinal symptoms has proved a pitfall for many

‘aphysician. The mimicry of foramen magnum tumours and the cases of thorecic
" disc hernias masquerading as cases of multiple sclerasis are: familiar . to the
student of neurology and ure -given a prominent place. :

""The first. of these two . volumes.provides in the main general dxagnostm and
metlwdalogtcal information.Dr. Schéifer's contribution on differential diagnosis
‘should-#ive figured as Chapter 5, but, owing to problems-in transkytion and
printing deadlines, it -has had to Bemaved to the end of Volume 19. The Editors
would :particularly. like to thank Dr. Schiifer for-his untiring patience and
collaboration in preparing - the -eventual manuscsipt. Other contributors who
‘deserve special mention are Dr. du Boulay-of London and Dr. Pinto of Rio de
Janeiro. Dr. du Boulay did not only kindly-agree to be responsible for.the
chapter on-myelography at:a very.late stagé in the production schedule, but also
submitted his manuscript within three months. Dr. Pinto deserves-a particular
warm. word of thanks.in that he completed his assignment under the somewhat
unusual and trying. circumstances imposed upon him by having to serve:d.texm
‘of ‘confinement in prison for political reasons: He may perhaps be able-to draw
some comfort from the knowledge that, in our. experience, imprisonment has.
not figured thus far in: the-various reasons advanced for mtssmg an: edttonal
deadlme’ We look forward-to it being bettered! ... ‘ '

~In Part.1l special thanks are due to the Drs Odom.and- thkms who wrote: two
excellent chapters in fine ‘Handbuch’ style. Professor Nittner. and Professor
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Kuhlendahl likewise deserve our appreciation'for having stepped, so willingly
and ably, into the breach caused by contributors being unable to complete their
promised -assignments. We are doubly grateful to them for having been able to
prepare their respective chapters, despite the demands made on them by their
clinical responsibilities.

The Editors are confident that these volumes will provide the reader with
comprehensive clinical information concerning a too often neglected sector of
neurology. They hope to contribute, via these volumes, to the awareness of the
unique vulnerability and irreplaceability of the spinal cord. If they have helped
to impart to their junior colleagues the sense of urgency required in the diag-
nosing of spinal disease and the necessity to keep the mental image of a para-
plegia or tetraplegia in mind whenever one is confronted with the possibility of
a spinal lesion, the time spent and the effort expended in the preparation and
execution of these two volumes will not have been in vain.

P.J. V.
G. W. B.
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CHAPTER |

R

. of spinal cord tumors

o - " MILTON ALTER

t

University of Minnesota Center for Health Sciences, -
Minneapolis Veterans Hospital, Minneapolis, Minn.

.

Clinical- information about spinal cord tumors
should be built upon the bedrock of precise
statistics. Yet, for the most part, data about
statistical aspects of spinal cord tumors are
meager and biased. Information - is largely de-
rived from clinical series collected often from
a single institution or from series published. by
different investigators using diagnostic criteria
which may not be uniform. Rarely have data
about .spinal cord :tumors been related to a
well defined population so that differences.be-
tween series may merely reflect differences in
age, sex or ethnic distribution of the popula-
tions from which the series were drawn.. These

shortcomings of statistical data about spinal
cord tumors must be borne in mind when con-
sidering: reports -of frequency, age distribution,
sex preponderance, symptoms and prognosis.

FREQUENCY

One way to estimate the frequency. of spinal
cord tumors is to calculate the incidence in the
general population. Such estimates are based
on all new cases of spinal cord.tumer:recog-
nized per unit time; usually a year. Estimates
of incidence are presumably better than pro-
portional statistics based on large autopsy or

TABLE. 1

Spinal cord tumors.
Frequency rate per 100,000 population in selected communities.

Author Community .. Annual. Prevalence Average
incidence . . ‘ - annual mortality
Percy et al. Rochester,
(1972) Minn. - -
Kurland - Kochester, " :
'(1958) Minn. - - .25 12.9 0.5
Leibowitz et al. Israel . ... 09 - -
(1971)
Gudmundsson Iceland 101 . 0.5
(1970) '

References, p. 20



2 M. ALTER

surgical series since not every patient with a
spinal cord tumor comes to autopsy nor are
all individuals in the community necessarily
referred for surgery to the medical facility from
which the surgical series is collected. Popula-

tion studies rely upon various sources of medi- )

cal information in the comfnumty and’ data
are usually collected from all hospltals clinics
and nursing homes -serving’ that commumty
Data are also gathered from medical prac-
titioners and vital statisiics are reviewed to
identify patients certified as having died of a
spinal tumor. Only communities with well de-
veloped medical facilities and a well defined
population are suitable for incidence studies.
According to the few population studies of
spinal cord tumors which have been carried
out (Table 1), the average annual incidence
varies from 0.9 to 2.5 per 100,000 population.
Thus, spinal cord tumors are uncommon and
occur with considerably lower frequency than
brain tumors. In Rochester, Minnesota (Kur-
land 1958) the age-adjusted average annual in-
cidence rate of priméry brain tumors was 7.7
compared to a rate of 2.5 per 100,000 popula-
tion for spinal cord tumors. In Israel (Leibowitz
et al. 1971), 90 out of 1,354 (7% ) nervous system
tumors involved the spinal cord. The average
annual incidence was 9.8 and 0.9 per 100,000
population for primary brain- and spinal cord
tumors, respectively. In Iceland, Gudmundsson
(1970) reported a frequency of 1.1 per 100,000
population for 'spinal cord tumors compared
to 7.8 for primary brain tumors. In 10 selected
metropolitan areas of the United States, the fre-
quency of central nervous system tumors other

TABLE 2

Brain and other nervous system tumors.
Age-adjusted rate per 100,000 population in 1967 by
sex and race. (After Dorn and Cutler 1955.)

Brain Other *
Male White 5.9 1.2
Non-white 31 13
Female White 38 1.2
Non-white 2.7 0.9

* Including spinal cord tumors.

Refercuces, p. 20

than those in the brain was about 1 per 100,000
population compared to rates of under 3 to al-
most 6 per 100,000 for brain tumors listed by
sex and race (Table 2; Dorn and Cutler 1955).
Percy et al. (1972) recently extended the earlier

sstudy of -central, nérvous system tumors in

*Rochester (Minn.) (Kurland 1958) and reported
incidence for the 34-year period 1935-1968.
Prlmary brain tutnors occurred with an incid-
ence of 12.5 compared to an incidence of 1.3
per 100,000 population for primary neoplasms
of the spinal cord. Based on these several popu-
lation studies, primary brain tumors are from 3

_+to 12 times more common than primary spinal

cord tumors.

A second method of estimating frequency is
based on the prevalence of spinal cord tumors
in the community at a given time. Because
of different survivorship rates for different
kinds of spinal cord tumors, prevalence is
aless satisfactory estimate of frequency than
incidence. In Table 1, prevalence estimates of
spinal cord tumors are shown for Rochester
(Minn.) and Iceland. The estimates agree and
suggest that about a dozen cases of spinal
cord tumor per 100,000 population are living in
the community at any given time. Since preva-
lence divided by incidence gives the average
duration of a disease (P/I=D), it would ap-
pear that, on the average, patients with spinal
cord tumors survive approximately 10 years.
This crude estimate of duration agrees fairly
well with actual - observations (Slooff et: al.
1964) and will be discussed in more detail
later.

MORTALITY

Incidence and prevalence are measures of
morbidity due to spinal cord tumors and are

~ estimates based on living patients. Mortality

represents another estimate of frequency which
is based on deceased individuals. As shown
in Table 1, the mortality due to spinal cord
“tumors was identical in Rochester and Iceland;
in both it was 0.5 per 100,000 population per
year. Mortality for neoplasms of the ‘brain
and other parts of the nervous system’ was
close to 5 per 100,000 population in most of
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the 27 -countrijes listed in & .review by Goldberg
and Kurland (1962). If it is assumed thiat spinal

~cord tumors. copstitute -shopt. ope-tenth: of all

nervous system tumors, then mortality due
to spinal cord tumors is close to 0.5 per 100,000
population in most of these countries. ;

Data on mortality due to spinal cord tu~

mors in the United States are available only
from 1958 onward and are listed in Table 3.
Thése data suggest that the mortality is uniform

- atleast over the short period for which national

P

statistics in the Umted States are available.
Thus, the frequency of spinal cord tumors ap-
pears to be uniform. over time and place on
the basis of available information. However,
Percy et al. (1972) pointed out that a high
proportion of central nervous system tumors
is discovered only at autopsy. In less than half
of patients with known primary nervous system
tumors was the diagnosis of tumor listed on
the death certificate.’ Although this error rate
for death certificates was based on both brain
and spinal cord tumors, there is no reason to
believe that omission.of spinal cord tumors
from the death certificate is less common than
omission of brain tumors since many patients

with spinal cord tumors die.of: causes unrelated -

to the' tumor. If anything, the omission rafe: -
* might be higher for spinal cord-tumors than

Percy et al. (1972) reported and mortality data -

3

- may-not be. an adequate source on’ which to

base firm ldeas about frequeney of cord

. tuthors: i ..

TYPES OF SPINAL CORD TUMOR

(PN

- Thélack of agreement concerning classification

of tumors-of the spinal cord makes it difficult

" to estindate the frequency of various histological

types. Moreo‘ver, some series included inflam-
matofy masses such as gummas and metastases
to the spinal ‘cord whereas other excluded these
lesions. Vascular anomalies were excluded. by
some workers (Lombardi and Passerini :1961;
Percy et al. 1972) on grounds that these were
malformations and not neoplasms

In Table 4A the frequency of various spinal
cord tumors is listed by type. From ' thése
studies it appears that among ‘spinal cord
tumors, neurinomas are encountered most_fre-
quently, meningiomas .are second and gliomas
are third in frequency. In the glioma group
especially, there is a wide variety of histological

- subtypes some of which may be labelled by

moze than one term. Ependymoma is the type
of glioma which occurs with highest frequency
-in the spinal cord in many series (Woods and
‘Pimefita 1944; Woltn.an et al. 1951; Turnbull
1962) “hlthough, among histologically verified
lesions reported by Shenkin and Alpers-(1944),

TABLE 3
Spinal cord tumors. Mortality and death rate per 100,000 in the United States by color and sex
(1958-1967 *).
White Non-white Total . Both
Year male female male female- male female Nb raf“
No.rate No. rate No.rate No.rate No.rate No.rate TRte
1958 65 0.1 56 0.1 7 01 5 01 72 0.1 61 0.1 133 0:1
1959 93 0.1 54 01 8 01 3 0.0 101 0.1 57 0.1 158" .1
- 1960 59 01 56 0.1 5 01 9 01’ 64 0.1 65 01 129°0.1
1962 72 01 50 0.1 13 0.1 5 00 8 0.1 55 01 140 - 0.1
1963 78 0.1 45 0.1 8 01 10 01 86 0.1 55 01 141 -°0.1
1964 65 0.1 52 01 $ 01 9 01 74 0.1 61 0.1 135 01
1965 62 01 50 0.1 12 0.1 11 0.1 74 0.1 61 0.1 135 01
1966 75 0.1 67 0.1 15 01 9 01 9 0.1 76 0.1 166 0.1
1967 64 0.1 44 0.0 10, 0.1 6 00 74..01 .50 124 01

* 1961 not available.

References, p. 20
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astrocytoma was more common than ependy-
moma. Astrocytomas are far less common in
the spinal cord than in the brain. The glioma

M. ALTER

TABLE 4A
Distribution of spinal cord tumors by histologic type (%)

Series including all ages.

group also includes oligodendrogliomas and
" medulloblastomas although sometimes the ‘lat-
ter are listed separately (Mackay and Sellers

Type Slooff et al. Leibowitz et al. Rand Oddsson
(1964) (1971) (1963) (1947)
Neurilemoma 29.0 25.6 25.6 25.7
Meningioma 25.5 27.8 46.5 333
-Glioma 220 12.2 11.6 20.1
Sarcoma 119 - 9.3 125
Vascular tumor 6.2 8.9 23 4.2
Chordoma 4.0 1.1 2.3 -
Epidermoid, dermoid, ' '
teratoma and cyst ' 14 - 2.3 35
Other - - - -
Unspecified - 244 - <1
Total 100.0 100.0 100.0 100.0
TABLE 4B
Distribution of spinal cord tumors by histologic type (%).
Series including only children.
Type Ingraham and Coxe Hamby
Matson (1954) (1961)* (1935)
No. (%) No. (%) No. (%)
Neurofibroma 5 83 3 5.1 7 73
Meningioma 2 33 - - 5 52
Glioma 21 35.0 20 339 23 24.0
astrocytoma 9 10
ependymoma 1 3.
medulloblastoma 4 1
oligodendroglioma - 1
neuroblastoma 6 . 1
ganglioneuroma 1 3
unspecified glioma - 1
Sarcoma 7 11.7 17 288 25 26.0
Vascular tumor 1 1.7 2 34 - -
Chordoma 1 1.7 - - - -
Epidermoid, dermoid, .
teratoma and cyst 23 38.3 16*+* 27.1 10 104
Unspecified - - 1 1.7 - -
Other - - - - 26 27.1
Total 60 100.0 59 100.0 96 100.0

* 1 reticuloendotheliosis, 1 metastatic tumor and 1 syrinx excluded

from this series.

** Includes 3 dermal sinuses.

Rejerences, p. 20
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1968; Leibowitz et al. 1971); Other tumor
types are rare. Sarcomas occur about half as
often as gliomas and vascular tumors (mal-
formatiens) half as often as sarcomas. Chordo-
mas are less, common than vasculgr tumors. In
a series which includes patients of all ages, the
"congenital tumors.account for. about 2%. - .
Tumor . types differ considerably in series
based only. on children. The expgrience of var-
ious, investigators, who studied children is sum-
marized in Table 4B. The congenital tumors

predominate and meningiomas are very rare.

Percy et al. (1972) showed that the frequency
of various types of spinal cord tumof différs
in autopsy series and in series in which the
diagnesis was made while the patients were
living. For example, the ratio of meningiomas
to gliomas in those who came t0-autopsy was

3:1 whereas among- those diagnosed while

alive, the ratio was 0.7:1. The relatively higher
frequency of meningiomas in the autopsy
series is accounted for by their more benign

nature; often they are not even suspected dur-

ing life and are discovered incidentally post
mortem.

FREQUENCY BY SITE °

The frequency of tumors at various levels of

the spinal cord is-proportional to the length of

-the .segments. Slooff ‘et al. {(1964) listed- the
. fallowing lengths: cervical .10- cm, thoracic 26
- ¢m, lumbar 8:;5 cm. The expected freqirencies
of lesions based on the length -acdording to

the root and vertebral level is given in Table 5
modified from Slooff et al. (1964). The pro-
portion of spinal cord tumors which occurred
at these various levels was summarized from
reports in the litecature by Slooff et al. (1964)
and comparisons between the expected and ob-
served frequency are given in Table 5. Accord-
ing to Kernohan and Sayre (1952) approxi-

‘mately 1% of spinal cord tumors involve mul-

tiple. levels. Multiple involvement also occurs
with increased frequency in neurofibromatosis.

_In the series of Lombardi and Passerini (1961) -

10 patients out of a total of 243 with primary
cord tumors had more than one tumor; ‘six of
these had multiple neurofibromatosis; one had .

. two neurofibromas, another had three neuro-

fibromas and two each had two meningiomas.
Children tend to have more éxtensive involve-
ment than adults. ‘ ‘
Besides analyzing the frequency of tumors at
various levels in the spinal cord, it is of interest

" to know the proportion which are intramedul-

lary, extramedullary but intradural, and extra-
dural. Data bearing on this point presented by

TABLE 5

Spinal cord tumors by site.

Source ’

Number Cervical Thoracic Lumbosacral
(%) (%) (%)
Denk (1932)* T 713 23.5 59.5 17.0
Robineau (1932)* ' T 64%% 15.6 62.5 18.7
Bunts (1935) 36 114 68.6 20.0
Ingebrigtsen and Leegaard (1939) 24 -~ 250 50.0 25.0
Elsberg (1941) * 275 23.0 56.1 20.9
Ricard et al. (1953)* 206 25.5 56.0 18.5
Lombardi and Passerini (1961) 243 17.3 64.2 = 185
Rasmussen et al. (1940) 557 18.0 54.0 28.0
Steinke (1918) 324 238 54.9 21.3
Expected by: SO
root level 23.0 '580° 19.0
vertebral level 22.5 51.5 26.0

*. Summarized from Slooff et al. (1964).
** 3.2% dorsolumbar.

References, p. 20



6 ’ " M. ALTER

Steinke (1918), Rasmussen et al. (1940) and
Oddsson (1947) are summarized in Table 6.
Individual tumors have a proclivity -for certain
sites which will be discussed subsequently when
selected tumors are considered in more detail.

AGE DISTRIBUTION

Surgical series (Slooff et al. 1964) suggest that
the - peak frequency of spinal cord tumors oc-

curs in middle life, but Kurland (1958) challen-
ged this notion and suggested that the fre-
quency of nervous system tumors increases pro-
gressively with age. Kurland’s conclusion has
recently been supported in a more ‘extensive
study' ih Rochester by Percy and associates
(1972). Fig. 1 (from Percy et al. 1972) shows the
age distribution of brain tumors in Rochester
(Minn.). Other population studies have shown a
decline in frequency of brain tumors in old age.

TABLE 6

Location of spinal cord tumors, based on surgical series.

Rqsmﬁssen etal.” - Steinke Oddsson
(1940) (1918) . . . .(1947) ..
No. (%) No. (%) No.- (%)
Extradural 154 28 55 16.6 26 18.0
Intradural
extramedullary 297 53 97 294 74 514
intramedullary 64 11 36 11.0 38 26.4
.intra and extramedullary 42 8 - - 6 4.2
Root canal and cauda - - 30 9.1 - -
Vertebrae - - 58 17.6 — -
Not stated - - - 54 16.3 - -
557 100 330 100.0 144 - 100.0

Total

70l

Averagé annual incidence rate/100 000 population ‘

Age in years .
Fig. 1. Average annual incidence rates for primary neoplasms in the brain by age in several communities.
(Percy et al. 1972)
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