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F oréwofd to volumes 25 and 26

‘Basically, management in neurology consists of prudently doing nothing’. This was
the opinion of the neurology professor of one of the editors.

Many neurologists practising today would probably disagree with this statement.
They would not be able to deny, however, that it has been pre-eminently applicable
to the management of traumatic paraplegia for many thousands of years. The writer
of the Edwin Smith papyrus considered tetraplegia as ‘an ailment not to be treated’.
Treatment of traumatic para- and tetraplegia was not even improved by the sadly all
too rich experience of World War I. Although the literature of this period, particularly
the British literature, contained many excellent papers on spinal cord injuries,
they dealt with neurophysiology and pathology, but were not at all concerned with
therapy. In World War I, 90%, of patients suffering from this type of injury died
within one year, and probably only 1Y, survived for more than 20 years. The literature
appearing between the two World Wars was scant and no real advance was made
in the late care of spinal cord injuries. In 1924, the Medical Research Council
summarised the situation at that time as: ‘The paraplegic patient may live for a few
years in a state of more or less ill-health’. Gowland’s paper to the Harveian Society
(1934) illustrates how these poor victims lived their short incarcerated lives in
institutions. In 1937, Courville stated: ‘It is a matter of preserving life by constant
and meticulous care when life is of little value to the patient and costly to his relatives’.

After World War 11, the influence of a few pioneers (in Europe, Guttmanr; in
the U.S.A., Munro and Bors) caused a drastic reduction in mortality; hence the
current survival rate is high. Guttmann with his straightforward thinking and dyna-
mism realised his concept of a paraplegic as a disabled but healthy person independent
of mind and body and often with an independent future. In this new era, the spinal
man (or woman) can usually be re-educated to perform a useful job and to take a
useful pIace within the community.

The experience derived from observations on longer Itvmg paraplegics have
initiated and stimulated clinical research, especially in Europe, thus shedding new
light on spinal cord physiology. This gratifying development has given an enormous
impetus to experimental research over the last ten years, particularly in the U.S.A.

Thirty years ago, a handbook editor would have found it difficult to think of more
than a few chapters on injuries of the spine and cord. Today, even two volumes are
insufficient to cover the field.

Volume 25 contains basic experimental, biomechanical, pathglogical and epidemio-

v



VI FOREWORD

logical aspects, as well as the various causes and types of acute injury to the different
parts of the spine and cord.

In Volume 26, the non-acute aetiology of spine and cord lesions is covered, together
with extramedullary haematomata, abscesses and some vascular lesions not dealt
with in previous volumes. Clinical appraisal, management and prognosis of para-
and tetraplegia’ with their influences on the cardiovascular, respiratory, gastro-
intestinal and urinary systems, are included. The effects of spinal injury on skin
temperature regulation and sexual behaviour are also covered.

Physicians actively engaged in spinal units (paraplegists) who may feel that
certain topics, such as psychological effects, vocational training, etc., have not been
included, are kindly requested to bear in mind that this is a Handbook of Clinical
Neurology and not of rehabilitation. The Editors had intended to include a chapter
devoted to rehabilitation, but unfortunately the authors invited to undertake this
assignment were unable to give to its completion that degree of priority which they-
and we would have wished. Faced with the problem of whether to~extend the manu-
script deadline or go ahead with publication, the latter course was adopted.

The Editors are grateful for the continuing enthusiasm of the editorial staff, Mrs.
M. Posthuma-Bosma and Mrs. B. Vollers-King, which has greatly contributed to the
publication of these volumes within four year’ of their commencement.

PLIY.
G.W.B
R. B
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CHAPTER 1

Spinal extradural haematoma

G.W. BRUYN

Department of Neurology, University Hospital, Leyden

and

N. J. BOSMA

Department of Neurosurgery, University Hospital, Utrecht

Spinal extradural haematoma stands out amongst
the multitude of spinal space-occupying lesions by
virtue of a few very distinctive features; it is a rare
condition with only about 180 cases having been
reported since the mid-nineteenth century. Most
neurologists will probably never encounter a case
during their active professional life. Its cause is
unknown; in the majority of instances of the so-
‘cal]ed ‘spontaneous’ type it is a neurological and
neurosurgical urgency. If recognised at an early
stage, however, and surgically treated, it is an
eminently curable disease.

Although the authors of this chapter have ob-
served a case of this disorder in a 68-year-old man
(who developed the haematoma between C6 and
Th2 during his sleep, was operated upon within 16
hours, but remained paraplegic and survived for
two years), and know of eight other cases (three
observed by Dr. Weersma, one by Dr. W. V. M.
Perquin at the Ursula Clinic, Wassenaar, in 1972
and four by Dr. R. Braakman in the University of
Rotterdam Neurosurgical Clinic), no other cases
have, to their knowledge, been noted in the
Netherlands since the beginning of this century.
Inasmuch as these nine cases were diagnosed by
four different specialists in a period of + five
years, it is a safe assumption that many more such
cases are diagnosed and treated routinely in the
various Dutch centers every year.

The present chapter will be devoted to a review
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of the world literature. Information on historical
data will be provided, together with a short survey
of the anatomy of the epidural space and its con-
stituent structures, and the physiology of its blood
flow and pressure. The clinical features and
variants of this disorder, a critical evaluation of
its causes, the diagnosis and differential diagnosis,
and surgical treatment will also be discussed.

HISTORY

As any study of source material teaches — though
there are a few fortunate exceptions — the further
one goes back in history, the hazier become the
descriptions of case histories. The search for an
‘observatio princeps’ may seem futile, but it does
nevertheless provide the patient researcher with
both a notion of medical awareness through the
ages and a proper perspective which is a sound
prophylactic against an overestimation of con-
temporaneous knowledge.

Du Verney (1688) may have been the first to
signal the occurrence of intraspinal haemorrhage
by his narrative before the Parisian Royal
Academy of Sciences of the observation of ‘un
magistrat illustre, mort presque subitement d’une
espece particuliére d’apoplexie qui ne lui avait pas
oté la connaissancg’. The autopsy did not reveal
anything extraordinary in the brain, but, on
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turning the cadaver ‘il sortit une grande quantité
de sang du coté de la moelle épiniére’, probably
originating from that portion of the vertebral
canal ‘d’ou sortent une grande quantité de
nerfs qui fournissent des rameaux au nerf inter-
costal’. The observation by Du Hamel, quoted by
Abercrombie (1828) and by Plagne (1962) is most
intriguing. Mr. P. P. Wade, Librarian for the Royal
Society of Medicine was so kind as to trace this
reference more exactly. We would like to quote
from his astute observations:

‘Even some French authors (e.g. Hayem 1872)
appear to rely on the detail given in some edition, or
translation, of John Abercrombie’s ‘Pathological and
Practical Researches on Diseases of the Brain and
Spinal Cord’. One has only to compare the passage
as it appears on page 364 of the first 1828 edition of
Abercrombie and the parallel passage on page 23 of
Hayem’s ‘Des hémorrhagies intrarachidiennes’.

In Abercrombie it is apparent that Abercrombie is
quoting from the Latin ‘Regiae Scientiarum Acade-
miae Historia’ which was prepared by Du Hamel
(though Hayem conceals that fact by translating the
title back into French); the details given in Aber-
crombie seem to tally remarkably closely with those
given in the report in the French Hist. Acad. Roy.
Sci. 2 (1733) page 47, covering the period 1686-1689.

It also seems very odd that Hayem should be able
to quote the Du Verney report direct from the French
Hist. Acad. Roy. Sci. (even if he does give the refer-
ence as ‘Memoire’ instead of ‘Histoire’), but should
have to rely on Abercrombie for details of Du
Hamel. Moreover, Hayem, by rendering the title in
French, conceals the fact that Abercrombie was
quoting from the Latin version plepared by Du
Hamel; and also conveys the impression that Du
Hamel was personally responsible for observing the
case.

g suggest that there are not two distinct cases,
but only one, that in which the post mortem examina-
tion was carried out by Du Verney and reported
before the Royal Academy of Science in 1688; and
that Abercrombie’s report is simply a condensed
English version (which does not make it clear that
Du Verney carried out the post mortem examination)
of the Latin text prepared by Du Hamel.

If one takes Abercrombie’s reference ‘An. 1683
sec. 5 cap. 2’ as correct, one cannot find anything
remotely related to the case quoted by Abercrombie
in either the Paris edition (1698) of Regiae Scientiarum
Acad. Hist. or in the Dutch edition of 1700. I would

“also, however, accuse Abercrombie of bad hand-
writing, or bad proof-reading, or both, which has
resulted in the printing of 1683 for 1688. If one takes
the 1683 as a misprint for 1688, then ‘sectio quinta
caput 11” (page 253 of the 1698 Paris edition, or page
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269 of the 1700 Dutch edition) leads directly to Du
Hamel’s Latin version of the case examined, post
mortem by Du Verney.

I therefore think it very likely that in quoting and
re-quoting yet another ‘bibliographical ghost’ — a
personal report by Du Hamel in 1683 — has been
created.’

These early observations bring out in remarkable
clarity some outstanding features of the condition
sub judice, 'viz. the apoplectiform onset impli-
cating a vascular disease, and the intact con-
sciousness. SR

Gautier de Claubry (1808) reported a rather
complicated case: a man aged 61 years, travelling
by caléche from Champagne to Paris, suddenly
developed atrocious pain radiating from the
cervical to the sacral region, followed, after one
hour, by urinary incontinence and paraplegia. He
died within a day and, at autopsy, a combined
extradural, subdural and intramedullary haemor-
rhage was found extending from C7 downwards.

Chevalier (1812) reported three cases:-one of a
L1-L5 haematoma in a girl, aged 14 years, one a
less well-defined case in a child, aged one year, and
a third in an adult male who developed acute
paraplegia while lifting a heavy sack of flour. This
last case died from a lumbar haematoma within
two weeks. 3

The cases reported by Ollivier d’Angers (1827)
are dubious. However, he provided a virtually
complete survey of the literature (including Aber-
crombie’s case from Ireland), distinguished sub-
dural and extradural haemorrhage and under-
stood the clinical differences.

The 42-years old male patient reported by Cos-
tello (1834) developed a lumbar haematoma while
jumping a few steps from a staircase. This was
followed after a few hours by loss of sensation,
paraplegia and urinary retention. On autopsy, in
the lumbar canal, ‘clots of crassamentum adhered
to the bones, whilst the serous portion of the blood
floated’. ’

The case reported by Chalvet (1859) was purely
traumatic: a man aged 44 years fell from a stair-
case, developed multiple fractures (but not of the
skull or vertebrae) and died within a few hours
during a status epilepticus. The cranial contents
were normal, as were the spinal cord and'spinal
subarachnoid space. The spinal canal, however,
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was filled entirely with an extradural haemor-
rhage.

Jackson’s (1869) much-cited case was one of a
14-years old girl, who developed weakness in the
fingers while dressing, which progressed to paresis
of the arm muscles and respiratory paralysis,
ending fatally within four days. The diagnosis and
prognosis (‘a speedy and fatal result’) was posed
by Sir William Jenner whose opinion had been
requested by Jackson. The epidural haemorrhage
extended over the entire cervical cord, particularly
anteriorly — which is exceptional — and to the left
side.

Hayem (1872) collected a dozen or so cases
from the literature which, for the most part, were
either incomplete, dubious or misdiagnosed, but
there are three instances, of epidural haemor-
rhages, and heé distinguished clearly between
epidural and subarachnoid haemorrhages.

The last reports in the 19th century come from
Bain (1897) and from Hopkins (1899). A house-
maid, aged 18 years, after straining at stool,
developed pain in the neck, difficulty in breathing,
numbness in all limbs and paralysis of the left arm
and right leg. Finally, tetraplegia developed
together with difficulties in swallowing, and she
died within two hours. Post mortem examination
revealed a clot between the dura mater and spinal

canal at the level of C2-C3 (Bain 1897). Hopkins

(1899) reported the case of a 40-years old man
who suddenly developed thoracolumbar pain,
paraplegia and urinary incontinence while shov-
elling coal. After a transient improvement lasting
two days, he died on the fourth day. Autopsy
revealed epidural clots in the lumbar area and
epidural haemorrhage at higher levels, up to the
cervical region. y

The first case to be operated upon was the
patient treated by Jonas (1911): a traumatic case
of epidural haematoma in a man aged 35 years,
which developed one hour after a fall from a hay-
loft. The course was progressive with sensory loss,
paraplegia and urinary retention. The Th3 ver-
tebra was fractured. Thoracic laminectomy per-
formed 24 hours after the accident revealed a
haematoma at Th5-Th7. The patient initially
recovered, but ultimately died. Jonas also reported

a second case of traumatic epidural haematoma at.

Th7-Th8, which occurred in a 40-years old mané
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According to Bulloch and Fildes (1911) two
cases of paraplegia, possibly resulting from epi-
dural haematoma, have been reported as occurring
in haemophilia, i.e. in an 1850 report by Van der
Scheer, and in an 1876 communication by Ledoux.
Although the present authors have not taken the

‘trouble to trace these sources, the information

presented puts the theories on the aetiology of this
disorder in perspective: the case of Ledoux was a
haemophiliac boy, six years of age, who sudden-
ly developed severe girdle pains and paralysis of
the trunk and legs, while Van der Scheer’s case
was a man aged 30 years who, upon first coitus,
developed back pain, paraplegia, coma and then
died.

Either interest in this condition, or diagnostic
awareness of its possibility, appears to have
waned for quite a time. Apparently this interest
was hard to revive because up to the time of the
Second World War only a handful of reports
could be found in the literature. Reid and Kennedy
(1925) communicated the case of a girl, aged 20
years, who was knocked from her bicycle in a road
accident and showed what may be termed a sub-
acute traumatic type of this disorder. She devel-
oped leg pain within 24 hours, progressing to
paraparesis over a period of three days. Autopsy
disclosed an epidural haemorrhage extending from
C3 to S2.

In retrospect, it is astonishing to read the
opinion of Farquhar, Buzzard and Symonds
(1928) that ... the amount of blood poured into
the extradural space is rarely sufficient to produce
symptoms ...". These distinguished authors list as
causes of the disorder: trauma, violent muscular
contractions such as occur in tetany, eclampsia
and epilepsy (there is not a single case in the litera-
ture to justify this statement), venous congestion
resulting from cardiac or pulmonary disease (the
same lack of documentation), or the bursting of
an aortic aneurysm. The latter may have been the
cause in Gautier de Claubry’s (1808) case, while

-Hayem listed a dubious second instance of this

which had been reported by Laennec (Hayem,
page 33). If this reflected the generally accepted
opinion of the medical world (stated in a contri-
bution for Osler’s Modern Medicine by two
leading neurologists), then one can understand
the paucity of repqrts.
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1t was not until 1935 thdt two communications
appeared on the subject, ncither exempt from
critique as to the correctness of the diagnosis. In
1935, Priest reported the case of a man aged 27
years, suffering from haemophilia, who had acute
neck pain and showed hyperrefiexia; the csF was
yellow and contained 1200 mg/100 ml protein.
Slow improvement continued over a period of two
months. Neither the history nor the findings or
course, however, justify the diagnosis.

~ Hassin and Stone (1935) reported the case of a
32-years old woman who developed progressive
gait disturbances after the delivery of a child. She
fell frequently, and a diagnosis of subactue com-
bined degeneration of the cord was postulated.
After a minor fall she developed urinary retention
for 12 days, paraplegia and disturbances of sen-
sation; the csF was yellow and showed a block on
the St(;okey-Queckenstedt manoeuvre. On sur-
gery, an epidural clot rmeasuring 2 cm X 2 cm X
1.4 ecm was found attached to the Th8 root. Not-
withstanding improvement, however, she died on
the 12th postoperative day.

Johnston’s (1938) case was the last pre-World
War II report and the second to receive surgical
treatment. This case was most instructive: a boy,
aged five years, showing a Cobb-Cushing syn-
‘drome (i.e. segmental, hemimeric spinal cutaneous
haemangioma), suddenly developed abdominal
pains whilst playing. The pains progressed to
opisthotonos, flaccid paraplegia and the csF (no
block!) contained 80 lymphocytes/cu mm. The
diagnosis of poliomyelitis was posed, but sub-
sequently changed to one of transverse myelitis.
The boy died one year later. Autopsy revealed
an atrophic spinal cord and a haemangioma at
Th9-Th11, with fresh epidural clots at Th8-Th12.

This historical survey illusirates that, although
approximately ten cases were reported in the 19th
century and five in the first half of the 20th (of
which two were treated surgically), the clinical
picture was not well-established in spite of suffi-
cient data. A survey of the literature also shows
that both the introduction of neuroroentgen-
ographic techniques and the gradual advances in
neurosurgery made a definitive recognition of the
disorder possible. Since 1945*an explosion has
occurred in the appearance of reports on spinal
extradural haematoma if compared to the relative
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silence of the 150 years prior to 1945: 7 reports
appeared between 1945 and 1950, 12 between
1950 and 1955, 17 between 1955 and 1960, 27
between 1960 and 1965, and 25 from 1965 to
1970. Since 1970, 36 cases have already been
reported, making a total of 120 reports in just
over 25 years (Fig. 1).~

The historical survey also illustrates that the
clinical picture, even with its few variants, is rather
uniform with two stages of progression: namely-
one of apoplectiform onset of back pain radiating
to the limbs, subsequently followed by para-
esthesiae and later by the signs and symptoms of
the second stage (compression of spinal nerve
roots or of the spinal cord, depending on the site
of the haemorrhage) viz. sensory loss, paralysis
and urinary incontinence. The course is almost
invariably progressive, may range from a few
hours to a few weeks with the patient remaining
fully conscious, and nearly always ends fatally
unless neurosurgical treatment is instituted. Even
when reading with a critical mind, the cause or
causes of this disorder remain rather vague: it
may come on spontaneously, or during or just
after physical exertion as well as during trivial
activities; it may also occur in association with a
systemic disorder or be of traumatic origin.

The objections to be raised against any of these
lesions listed as causative are incompatible with
the peace of mind of those whose ‘Kausalbediirf-
nis’ exceeds their capacity for critical thought.
How many thousands of spinal injuries and verte-
bral fractures are sustained annually without the
development of an epidural haematoma? How
many haemophiliacs are living, or have first coitus,
without this condition occurring? How many
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Fig. 1. The number of case reports of spinal epidural
haematoma presented between 1800 and 1973.
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millions of people execute such trivial actions as
shovelling coal, lifting heavy objects, or fall, strain
at stool, cough or take part in sporting activities
without causing their epidural vasculature to
begin bleeding? How many spinal haemangiomas
have been reported in order to make clear that
epidural haemorrhage or haematoma is definitely
not one of its presenting, or usual, symptoms?.

The virtue of going back to original sources lies
in its revelation of .the true proportions of our
present level of kncwledge. Even at the time of
writing we still do not know the exact cause of this
dramatic and curable disorder.

ANATOMY

The epidural space (cavum epidurale, cavum peri-
durale or cavum extradurale) denotes the virtual
loge limited by the walls of the spinal and sacral
canal on the one side, and by the dural sac con-
taining the spinal cord, spinal nerve roots, arach-
noid and the csF, on the other. Essentially, the
epi- or extradural space is not extradural at all,
but intradural as the following discussion will
make clear.

The vertebral canal (canalis vertebralis) con-
stituted by vertebral foramina is bounded ventral-
Iy by the dorsal facies of the vertebral bodies
(corpora vertebrorum) and of the intervertebral
discs, laterally by the pedicles of the arcus verte-
brae, the superior and inferior articular vertebral

processes and the intervertebral foramina, and

dorsally by the arcus vertebrae with the ligamenta
flava joining these arcus. The shape of this verte-
bral canal varies from triangular in the cervical
and lumbar regions, to circular in the thoracic.
The ventral wall of the vertebral canal is lined
in its medial part by the posterior longitudinal
ligament, which begins as a rather narrow layer in
the sacral canal, broadens at each intervertebral
disc with which it is securely joined, and then
narrows again at the level of each vertebral body
until it thins out and broadens once more cranialiy
from the third cervical vertebra. From C3 it is
covered by the tectorial membrane (attached to the
foramen magnum and clivus blumenbachii) and is
closely joined to the dura mater. The dorsal wall
of the spinal canal is largely formed by the
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ligamenta flava, which are extremely strong in the
lumbar region and whose fibres are longitudinally
orientated; the fibres show a dehiscence in the
median plane, leaving a narrow slit.

The spinal dura mater consists of two leaves
known as the internal and external Mminae.
Tradition has it that the encephalic dura mater
splits up into these two laminae at the level of the
foramen magnum, but it is not exceptional to find
that both dural laminae start their individual
existence as high as the tentorium cerebelli
(Luyendijk 1962). The internal lamina of the
spinal dura mater contains — as it constitutes the
spacious dural sac — the spinal cord, spinal nerve
roots and arachnoid, while the extradural lamina
of the spinal dural mater lines the wallsjof the
vertebral canal, and is closely attached to the pos-
terior longitudinal ligament, the vertebral peri-
osteum and the ligamenta flava. In adult man, this
external dural lamina is not distinguishable as a
separate layer; only in infants below the age of
two years is this lamina identifiable as a fibrous
membrane of approximately 1 mm thickness.

The internal lamina, constituting the dural sac,
assumes a sheathlike form to accompany the
spinal nerve roots into the intervertebral for-
amina, later merging into the foraminal periost
(cervically, the ventral and dorsal spinal nerve
roots each have a separate dural sheath merging
into one at the site where both roots join, whereas
at lower levels there is only one dural sheath); the
dural sac usually ends at the level of the first or
second sacral vertebra in the filam durae matris
terminalis.

Strictly speaking, the epidural or extradural
space, which is the space between the external and
internal laminae of the spinal dura mater, clearly
is an intradural space. Inasmuch as‘tradition pre-
vails upon accuracy (Farquhar Buzzard and
Symonds correctly denoting haematorrhachis as
intradural haemorrhage), the present authors will
continue to use the terms ‘epidural’ and ‘extra-
dural’ in distinction to ‘subdural’.

Since the caudal limitation of the dural sac may
vary from the fifth lumbar to the fourth sacral
vertebra, and its cranial boundary may range
from the foramen magnum (in the great majority
of instances) to the tentorium cerebell; the size of
the epidural space can vary greatly. Moreover,



