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EXTENDED REPORTS

Neuropathology of the brainstem and spinal cord
in end stage rheumatoid arthritis: implications for
treatment

Fraser C Henderson, Jennian F Geddes, H Alan Crockard

Abstract
Objective-To study the detailed histo-
pathological changes in the brainstem and
spinal cord in nine patients with severe
end stage rheumatoid arthritis, all with
clinical myelopathy and craniocervical
compression.
Methods-At necropsy the sites of bony
pathology were related exactly to cord
segments and histological changes, and
correlated with clinical and radiological
findings.
Results-Cranial nerve and brainstem
pathology was rare. In addition to the
obvious craniocervical compression, there
were widespread subaxial changes in
the spinal cord. Pathology was localised
primarily to the dorsal white matter and
there was no evidence of vasculitis or
ischaemic changes.
Conclusions-Myelopathy in rheumatoid
arthritis is probably caused by the effects
of compression, stretch, and movement,
not ischaemia. The additional subaxial
compression may be an important com-
ponent in the clinical picture, and may
explain why craniocervical decompression
alone may not alleviate neurological signs.
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Rheumatoid arthritis is a systemic disease
affecting the cervical spine in 16-88% of
patients. 1-6 Progressive subluxation is com-
mon,7-9 associated with increasing compression
of the spinal cord and brain stem,5 1'15 and
may cause clinical myelopathy and even

sudden death.3 1617 Despite these clinical
effects, the pathophysiology and histopath-
ology of cord and brain stem injury due to this
type of compression are poorly understood,
and there are only two studies available in
which changes in the cord are described in any
detail.4 '8 As part of our wider study of cervical
myelopathy in over 250 patients with
rheumatoid arthritis we performed a detailed
histopathological study of the spinal cord
and brain stem in nine patients, and compared
the findings with clinical and radiological
features.

Methods
This study includes nine patients with sero-
positive rheumatoid arthritis (eight women,
one man) from our ongoing prospective study,
who underwent necropsy at the National
Hospitals for Neurology and Neurosurgery
between 1987 and 1991. All patients were
evaluated by rheumatologists, a neurosurgeon
(HAC), two neuroradiologists, a physio-
therapist, and a research nurse. The clinical
assessment included a full neurological exam-
ination and a detailed questionnaire about
neurological symptoms. In addition, all
patients were graded according to Ranawat
et al'9 and Steinbrocker et al. 20 The radiological
assessment included plain lateral films of the
cervical spine and high definition computed
myelotomography with multiplanar refor-
matting.2' All operations were carried out by or
under the direction of the same surgeon
(HAC). Necropsies were performed by or
under the supervision of the same neuro-
pathologist (JFG). The necropsy technique
used to remove the foramen magnum and
cervical spine with the cord and medulla intact
has been described previously.22

Multiple transverse blocks of the cord
were taken, and sections stained with haema-
toxylin and eosin, luxol fast blue, Woelche,
Heidenhain, and modified Bielchowsky stains.
Reticulin, Nissl, van Gieson, periodic acid-
Schiff, and glial fibrillary acidic protein (Dako;
1:400) stains were performed on selected
blocks.

Pre-operative results
CLINICAL FINDINGS

The table gives a summary of the principal
clinical details.
The nine patients presented in this study

were all white with longstanding seropositive
rheumatoid arthritis, aged 47-72 years
(average age 60 years, median age 64 years).
The only man in the study was the youngest
patient.

All patients had been treated with steroids
during the course of the disease, three with
gold and one with the addition of azathioprine.
One other patient had azathioprine without
gold.
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Six of the nine patients presented with
rapid neurological deterioration over three to
32 weeks (average 11 weeks, median 12
weeks). Patients 1, 6, and 9 had longstanding
myelopathy.
Symptoms on presentation included neck

pain (8/9), occipital neuralgia (8/9), hand
numbness (7/9), weakness-usually arms
weaker than legs-(8/9), incontinence or
urinary retention (4/9), dysphagia (3/9), and
dyspnoea (2/9).

Cranial nerve examination was normal in
all patients. A comeal ulcer was found in
patient 5, but the trigeminal nerve function was
normal.

Somatosensory evoked potentials and motor
evoked potentials were attempted in six
patients and results obtained in four. Sleep
studies of respiratory function were obtained
in three. These are the subject of another
study.

RADIOLOGICAL FINDINGS

The atlantodental interval varied from 1 to
11 mm (average 4*7 mm, median 3 mm). There
was, however, marked vertical subluxation
of the axis in all nine patients, measuring
9-26 mm using the technique described by
Redlung-Johnell and Pettersson.23 The tip of
the odontoid process impinged on the upper
medulla in patients 1, 8, and 9. Prominent
backward tilting of the dens was present in
patients 2 and 5 with compression of the
medulla and upper cord at the level of C1.
Patient 6 had medullospinal compression only
during flexion (fig 1). The remaining patients
showed cord compression by the dens at the
C 1 level. Major posterior compression from
the neural arch of C 1 was apparent only in
patient 7.

Subaxial bony changes were present in 8/9
patients. Only patient 6 had a normal subaxial
spine (see table).

OPERATIVE FINDINGS AND COMPLICATIONS

All patients were referred for surgery because
of craniocervical junction compression or
instability, or both, and, according to criteria
outlined elsewhere,24 had transoral odon-
toidectomy and decompression of the dura.
Under the same anaesthesia a posterior
occipitocervical stabilisation with a Ransford
loop and sublaminar wire fixation was carried
out. One patient (patient 5) was so ill because
of respiratory insufficiency that an operation
was never considered. None of the patients in
this study required only posterior stabilisation
without anterior decompression. Thus our
patients had the most severe atlantoaxial
compression.

In three patients there were problems related
to the passage of sublaminar wires. Two were
weaker after the operation (patients 1 and 4),
a third patient (patient 8) improved initially,
but was readmitted six weeks later as a
quadriplegic; radiographs revealed 'cut out' of
the sublaminar wire at several levels and a
severe subaxial cord compression at C5/6.
Other causes of death included haemorrhage

(patients 2 and 7), abscess (patient 6),
pneumomediastinitis (patient 3), and myo-
cardial infarction (patient 9).

GROSS PATHOLOGICAL FINDINGS

The vertebral artery was patent in all
specimens. In seven of the eight patients in
whom an operation was performed, the
odontoid process and variable amounts of C2
had been resected. In five of the nine patients
the upper cervical cord was compressed and
flattened by the residual body of C2, and the
anteroposterior diameter of the upper two
cervical segments was correspondingly much
reduced. In patient 1 the arch of C 1 was
assimilated to the occiput. In patient 7 the
foramen magnum diameter was reduced. In
three patients there was a markedly reduced

Figure I Coronal and sagittal reformatting through the craniocervical junction in patient 6 after myelotomography. The
broken line indicates the plane ofcoronal reformat on the sagitally reformatted image. (A) The odontoid process and lateral
masses of the atlas and axis are eroded. (B) The brainstem is angulated and compressed by the subluxed axis. There is also
mild neuraxial deformity caused by subluxation of the axis on the body of C3. (C) The neuraxis is compressed on the right
by granulation tissue. (D) The neuraxis has 'telescoped' through the ring of Cl. The posterior ring of the atlas is tilted
upward, and the anterior arch tilted downward causing a 'pseudo-reduction' of the atlantodental interval.
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Neuropathology of the brainstem and spinal cord in end stage RA

Summary of clinical and radiologicalfindings

Patient Age Duration of Findings before Ranawatl mm Vertical Subaxial changes Operative Findings after Timefrom
No (years)! disease (years)! operation American axial findings operation operation

sex drugs received Rheumatism subluxation! to death
Association ADI (mm)/ (days)
grades CSA cord

(mm2) *

1 47/M 25/gold Normoreflexia, IIIb/4 23/11/60 Fibrous, Fibrous pannus, Neurologically 56
quadriparesis, ankylosis C2-C6 C1 fracture, unchanged,
normal sensation anterior Cl tetraplegic on day 2

fused to clivus
2 58/F 11 Spastic quadriparesis, IIIa/3 17/1/40 Subluxation C6-7 Florid pannus Dysphagia, walking, 30

suspended with stenosis day 29 haemoptysis,
sensory loss metabolic

disturbance
3 72/F 16 Incontinence, IIIb/4 9/6/36 Severe spondylosis, Fibrous pannus, Laryngeal oedema, 11

spastic quadriparesis, C5-6 ventral C1 fused to peg tracheal perforation,
weak triceps, osseous bar mediastinitis
dissociated
sensory loss,
L'Hermittes sign

4 70/F 55 Urinary retention, IIIb/4 12/11/40 C5-6 subluxation, Florid pannus Left side weaker, 11
spastic quadriparesis, severe kyphosis (45°), respiratory arrest,
sensory level C7 pannus, SIADH

myelographic
block at C7

5 54/F 16/azathioprine Dyspnoea, dysphagia, IIIb/4 26/1 Subluxation C4 on No operation performed 31 days after
comeal ulcer, C5 with ventral (severe asthma) admission
incontinence, osseous bar
spastic quadriparesis,
hypoaesthesia
below C4,
incontinence,
anaesthetic C4 down

6 63/F 25/gold Bilateral deltoids and IIIa/3 22/0/81 None Fibrous pannus Neurologically 39
triceps weakness, unchanged
ankle clonus until day 28,

abscess C5-6,
quadriplegic

7 64/F 25 Dysphagia, IIIb/4 19/17/35 Subluxation C3-4 Florid pannus Day 7 posterior 7
urine retention, pharyngeal
spastic quadriparesis, haemorrhage
hemianaesthesia

8 64/F 8/gold and Dyspnoea, II/3 24/3/68 Staircase spine C2-Tl, Fibrous pannus, Weak right 49
azathioprine mild leg weakness, marked subluxation wire pulled arm day 42,

normal sensation C5-6 through laminae quadriplegic with
myelographic
block C5-6

9 68/F 32 Dysphagia, IIIb/4 21/5/29 Subluxation C3-4, ?Pannus Lower 18
spastic quadriparesis, minor subluxation gastrointestinal
diffuse sensory loss C5-6, C6-7, C8-T1 haemorrhage,

cardiac arrest

*ADI=atlantodental interval; CSA=cross sectional area of spine at point ofmaximum compression (at foramen magnum) with neck in extension; SIADH=syndrome
of inappropriate centidiuretic hormone.

clivoaxial angle with concomitant kyphus or
flexion of the medulla (patients 6, 8, and 9).

Significant subaxial pathology was present in
eight spines in keeping with the radiological
findings: fibrous ankylosis, disc erosion with
subluxation (often at multiple levels), vertebral
body collapse, and ventral bars (hard discs).
Figure 2 shows the appearances in a typical
case (patient 8) once the fixed spine had been
hemisected, and the cord replaced in the spinal
canal. In two patients the Ransford loop sub-
laminar wires had partially cut through the
osteoporotic bone (patients 2 and 8).

NEUROPATHOLOGY

Figure 3 summarises the histological findings
in four representative patients.
With the exception of gliosis of the

trigeminal nucleus (patient 8), and mild uni-
lateral changes in the hypoglossal and dorsal
motor nuclei of the vagus (patient 2), the
cranial nerve nuclei were normal.
Where the compression was most severe, the

cord was fragmented and necrotic. At the levels
where the cord was less severely compressed,
the pathology was localised principally to the

dorsal white matter, which was oedematous
and showed axonal disruption. In one cord
(patient 1) a circumscribed area of columnar
necrosis ('pencillar heterotopia') was seen in
the ventral part of the dorsal columns,
extending some way below the site of maxi-
mum compression, with ependymal cells and
a degenerated anterior horn cell from a higher
cord segment being found in necrotic debris
dorsal to the central canal in the lowest
segment, suggesting that the necrotic debris
had been mechanically extruded away from the
site of compression.
Milder degrees of compression produced

milder changes, notably oedema, axonal and
myelin loss. The most consistent changes were
in the dorsal columns, the cuneate fascicle
usually being more severely affected than the
gracile. At one level in one cord (patient 5)
the anterior horns were necrotic; otherwise the
only histological change seen in the grey matter
was that of anterior horn cell chromatolysis.
Although it was present at several levels in eight
of the nine cords, this phenomenon was
variable; in any one section from one cell to
several cells were chromatolytic. There was no
anterior horn cell loss.
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Figure 2 Patient 8. The hemisected cervical spine with the
cervical cord replaced in the canal. The odontoid process has
been resected. There is cervical stenosis at most levels. The
C3-4 and C4-5 discs are partly haemorrhagic. The CS-6
disc was obliterated, and CS was mobile on C6, producing
cord compression. Lesser degrees ofsubluxation were present
at the C2-3 and C4-5 level. The hole in the body of Tl has
been madefor reference purposes.

In all the cords, the pia-arachnoid was

focally thickened at points of compression with
chronic inflammation in several instances.
There was hyalinisation of intrameduallary
arterioles. No evidence of vasculitis or vascular
thrombosis was seen in any patient, and apart
from the grey matter infarction in patient 5,
there were no changes that might be inter-
preted as ischaemic.

Discussion
NEUROPATHOLOGY

Ours is the largest study of the neuropathology
of the brain stem and spinal cord in
rheumatoid patients; only three similar cases

have previously been reported in any detail.4 18

Although our patients clearly had exceptionally
severe end stage disease, requiring surgical
intervention, we consider that our clinical and

pathological findings throw light on the patho-
genesis of cord damage in rheumatoid arthritis.
The histopathological changes were localised
principally to the dorsal white matter of the
cord, and included oedema, axonal swellings
or balloons (fig 4), and necrosis. The local-
isation of pathology in the dorsal half of the
cord was, at first sight, surprising given that the
compression was ventral in most patients, but
this phenomenon has been demonstrated by
Breig,25 who in a series of careful and detailed
cadaver experiments, showed that a ventral
deforming force caused tearing and fissure
formation in the dorsal half of the cord.
Another common finding was of central

chromatolysis of the ventral horn cells at most
cervical levels. We believe this to have resulted
from mechanical injury to the axons at the root
level, although other aetiologies have been
suggested in experimental work.26

Other workers have noted the same selective
injury of the cuneate fascicles with relative
sparing of the gracile fascicles in studies of
atlantoaxial subluxation, cervical spondylosis,
rheumatoid arthritis, and cervical radicular
disease.4 18 27-31 This selective injury is not
unique to rheumatoid arthritis. Nevertheless,
no-one has yet offered an explanation as to why
the cuneate fascicle should, in these disorders,
suffer more injury than the gracile fascicle.
Could the changes we observed have been

the result of surgical trauma? Trauma to the
spinal cord typically results in central cord
injury, red cell extravasation or frank haem-
orrhage, hyperaemia, and cellular reaction with
the accumulation of polymorphs and later
lymphocytes. 2-36 None of our findings
remotely resembles these descriptions and thus
we are disinclined to attribute the findings to
the operation.

PATHOLOGICAL MECHANISMS

We have considered various aetiologies to
explain the preponderance of dorsal pathology,
the selective injury of the cuneate fascicles, and
the widespread central chromatolysis of ventral
grey neurones. Some of the theories are
considered in the following.

Vascular
Compression or disease of the vertebral and
anterior spinal arteries are often cited as aetio-
logical factors to spinal cord pathology in
rheumatoid and other diseases.' 18 31 37-39
Others have implicated intraforaminal com-
pression of important medullary feeding
vessels.Y0A We observed no changes of acute
or chronic ischaemia in the cord and no
major extramedullary vessel compression or
thrombosis.46A9

Vasculitis is characteristic of rheumatoid
arthritis and affects the small and medium
sized arterioles of the peripheral nerves of
the upper arm and mid thigh, causing
inflammatory epineurial disease in 93% of
rheumatoid patients50 with resulting nerve fibre
changes and ganglion cell loss." It is, however,
rare in the spinal cord,50 and was not seen in
any of our patients.
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Neuropathology of the brainstem and spinal cord in end stage RA
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Figure 3 Principal neuropathologicalfindings in patients 3, 5, 6, and 8, mapped onto tracings ofcord sections. Solid
shading (black) denotes necrosis, coarse stippling axonal swellings, andfine dots oedema. The shading in the cuneate
fascicle in patient 3 is Wallerian degeneration. Crosses in the anterior horns represent chromatolytic neurones.

Severe hyalinosis ofintramedullary arterioles
may cause ischaemia of the cord. The
moderate hyalinosis seen in this necropsy

series, however, was consistent with senile
involutionary change.52 5 Hyalinosis increases
with age, and is negatively associated with
arteriosclerosis.53 Arteriosclerotic myelopathy,
characterised by focal rarefactive necrosis pri-
marily in the grey matter, atrophy of neurones,
gliosis, and spongiform degeneration4953 was

significantly absent in this necropsy series.
Indeed, the incidence of spinal arteriosclerosis
is low,49 even in the presence of cerebro-
vascular changes.53

Abnormalities of venous drainage have
been implicated in cervical myelopathy.5457
Although mild venous congestion was noted in
four of our patients, there was no evidence of
venous thrombosis or occlusion, no haem-
orrhagic change in the ventral grey matter and,
except for the pencillar heterotopia in one

patient, no central cord lesion.
Intermittent cord ischaemia may result from

systemic atherosclerotic changes,49 5 and
spinal cord ischaemia compromises the ability
of the cord to tolerate compression.45 58 Pro-
longed hypotension is known to provoke
central necrosis of the cord.36 Could intra-
operative ischaemia have produced some of the
pathology observed in this series? Again, the
absence of central necrosis and of grey matter

change argues against intraoperative hypo-
tension being a factor.
Although clearly some degree of ischaemia

occurs in the presence -of any mechanical
deformation- of the spinal cord or brain stem,
there was no histological evidence of it in
this series of patients with severe end stage
rheumatoid arthritis. Thus we consider
ischaemia unlikely as a primary pathological
mechanism.

Neurotoxicity
Rarely, gold has neurological side effects,
including acute, predominantly distal, sym-

metrical, mixed sensory, and motor poly-
neuropathy.59 A Guillain-Barre pattern of
demyelination has been described.60 Azathio-
prine has almost no side effects. It is
improbable, therefore, that the white matter
changes we have noted were pharmacologically
induced.

Stretch and motion
The cord lengthens and becomes thinner on

flexion of the neck, and shortens and thickens
on extension.43 61 Between full extension and
full flexion the contour of the dorsal canal
increases up to 5 cm.62 Through the dentate
ligaments this increased excursion of the spine

imparts a stretching force to the cord.63 The
amount of stretch is surprisingly great: 1-3 cm
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Figure 4 Pathological changes seen in many of the cords. (A) Cross section of the rostral part of the first cervical segment, showing long tract degeneration
in the cuneatefascicle (patient 3, Woelche). (B) Axonal swellings at the level ofcompression (patient 6, Bielschowsky silver impregnation, bar=20 Am).
(C) A chromatolytic anterior horn cell (patient 8, haematoxylin and eosin, bar=20 ,um).

in cadaver studies.64 Cord elongation, in
primates at least, occurs maximally at levels
where cord motion is greatest-namely, the
lower cervical levels.65 In human studies,
Reid66 found only 1 mm of movement at the
C5 level, but 18 mm of cord movement at the
C8 to T3 levels during flexion and extension.
Change in length of the cervical canal is
normally accompanied by stretching of the
dura and spinal cord and movement ofthe cord
within the dura, although this is limited by the
dural root sleeves and the dentate ligaments
respectively.64 66Marked leptomeningeal fibrosis
such as we observed may tether nerve roots as
they enter the neural foramina,40 45 making
them more susceptible to trauma30 and
stretching injury. Furthermore, tethering of the
dura to the posterior longitudinal ligament27 30

results in variability of dural sac tension in the
elderly.66 Meningeal tethering may thus impart
additional local shear and stress forces on the
spinal cord and roots, with resultant axon
injury, manifest histologically by chromatolysis
and-in time-Wallerian degeneration in the
dorsal columns. The presence of a mass ventral
to the cord, such as a subluxed dens or
spondylotic bar, may increase further the
excursion of the spinal cord, thus generating
increased axial tension along the neuraxis.25 63
Motion may cause repeated trauma over
spondylotic protrusions causing myelo-
radiculopathy 30 61 62 64-69 and in our patients
there was a great deal of subaxial spondylosis
with associated histopathological changes.

Compression
Although stretch and motion contribute to the
final pathology, we have considered com-
pression at the craniocervical junction and
subaxial sites to be the principal pathological
factor in these patients, though we cannot

exclude completely some ischaemia. For the
most part, the compression was ventral to the
cord. At the foramen magnum, necrosis of
the dorsal two thirds of the cord in the first two
patients was reasonably explained by the
posterior dislocation of the axis. In all but the
one patient who did not have an operation
(patient 5), compression by the odontoid
process was the main cause of cord injury. In
all of these, the territory of the anterior spinal
artery was spared. Similarly, in the subaxial
levels, compression appeared to be responsible
for the observed pathology. Dorsal necrosis at
the C4 level in patient 6 was probably secon-
dary to a ventral mass-an abscess within the
posterior longitudinal ligament. Sparing of
the territory of the anterior spinal artery and
the absence of ischaemic neuronal changes is
against the hypothesis that dynamic com-
pression of the anterior spinal artery was
significant.70
Cord pathology was always related to com-

pression from degenerative spinal changes: a
C6-7 subluxation (patient 2), a ventral osseous
bar at C5-6 (patient 3) and at C3-4 (patient 7),
a C5-6 kyphosis (patient 4), and staircase
spines (patients 8 and 9). Interestingly, the
patient presenting with the least neurological
deficit (patient 6) had no subaxial spinal
changes before the operation; spinal cord
pathology after the operation was, however,
related to compression from the abscess. Thus
compression was present in all patients with
cord pathology.
The extent of compression at the subaxial

levels and the related neurological deficits have
previously been insufficiently emphasised.
Again, the effects of compression are increased
with traction.25 69 Subaxial bone changes
occur late in only 20-40% of rheumatoid
spines.5 12 15 18 71-75
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Neuropathology of the brainstem and spinal cord in end stage RA

CLINICAL FINDINGS

We found no evidence before the operations of
cranial nerve palsy, nystagmus, or internuclear
ophthalmoplegia in any of the nine patients in
this series. The absence of cranial nerve
findings in this series and our other study76 is
at variance with other series 4 5 10 12 72 77 78 We
consider that dysphagia in our patients was due
to fixed flexion of the neck, xerostomia, or

cricoarytenoid arthritis.79 There was only one
cranial nerve deficit in this series, and that
occurred after the operation (patient 2). In two
other series of rheumatoid patients9 and con-

genital atlantoaxial subluxation,31 no cranial
nerve nuclei changes were noted.
Although there were no major areas ofbrain-

stem damage, there may be ultrastructural
changes which we did not observe. Subclinical
problems such as sleep disturbances do occur
in these patients. Howard R S, Henderson F,
Hirsch N P, et al (unpublished data) have
shown that even in the rheumatoid patient who
does not report symptoms there may be central
alterations in the respiratory pattern, which
may be due to dorsal and dorsolateral column
injury.

RADIOLOGICAL FINDINGS

Atlantoaxial subluxation due to ligament laxity
is the most common cervical spine deformity
in rheumatoid arthritis. The incidence varies
between 25 and 71% of rheumatoid patients7 15

and was present in seven of our nine patients.
Approximately 27% of patients with atlanto-
axial subluxation show radiological pro-
gression.9 Basilar invagination or vertical
subluxation of the dens follows atlantoaxial
subluxation in 13% of patients,1 and occurs

due to erosion of the lateral masses (primarily
of the axis) late in the disease process.'2 13
Vertical subluxation, unlike atlantoaxial sub-
luxation, is related to the age of the patient and
the duration of the disease.9 The average
vertical subluxation in this series was 19 mm
(range 9-26 mm). Vertical subluxation causes
a pseudoreduction in the atlantodental inter-
val, and may in fact signal the onset of vertical
subluxation of the dens.' 8 9 12 Interpretation of
the atlantodental interval must therefore be
made in conjunction with measurement of the
vertical axial subluxation. It is clear, however,
that this bony abnormality is only one aspect
of the disease process.
Another factor we studied was the cross

sectional area of the spinal cord at the point of
maximum compression and the degree of
neurological disability. We noted marked
decreases in cord cross sectional area in six
patients. In general terms our most severely
affected patients had the greatest reduction in
cord cross sectional area. This is consistent
with the finding that cord cross sectional area

is predictive of surgical outcome,80 and that
myelopathy due to repeated microtrauma,
such as occurs with undetected odontoid
fractures, increases with time.8' Chronic cord
compression has been shown to cause flatten-
ing of the cord,6' which is presumably due to

demyelination.82 83 The ability of the nerves to
conduct in the peripheral nervous system with
only 3% of the normal myelin thickness84
would explain why there is no consistent
relation between cross sectional area and
clinical disability.6'

SURGICAL COMPLICATIONS
There are many lessons to be learnt from our
experience, beginning with the degree of dis-
ability. Most were Ranawat IIIb and, in our
wider study, it is this group that has the greatest
mortality and morbidity. Indeed, most of our
deaths after the operation presented in this
disability category,24 and most of the survivors
did not achieve self caring status after the
operation. Is it poor selection for an operation,
or too late referral? Secondly, although all
had longstanding disease, their neurological
deterioration was rapid (between three and 32
weeks). The question arises as to how best to
manage these patients: frequent outpatient
assessment, or pre-emptive surgery while they
are still comparatively fit?
There are also technical lessons to be learnt,

such as the importance of adequate
decompression, and in two patients (patients 1
and 8) the anterior surgery was inadequate.
Sublaminar wire passage for posterior fixation
is hazardous, particularly where there is cord
compression81 86; it is hoped that the new
stainless steel and titanium cables (Sofwire,
Codman and Shurtleff, Randolph, MA, USA)
will cause less intradural damage. Pharyngeal
wound infection has occurred in 2-1% of all
our transoral operations. The delayed haem-
orrhages and abscesses are considered to be
due to infection. Although tragic when it
occurs, it is much less than might have been
expected in such ill patients and, in our
opinion, less of a hazard than posterior fusion
alone in the presence of anterior compression.

Conclusions
The pathological findings in our series of
patients suggest that: (a) cranial nerve and
brain stem pathology is uncommon; (b) sub-
axial degenerative changes of the cervical spine
often occur in end stage rheumatoid disease;
(c) cord pathology may be caused by subaxial
degeneration; (d) cord pathology occurs pre-
dominantly in the dorsal half of the cord,
despite the ventral compression; (e) cuneate
fascicle changes and anterior horn cell
chromatolysis suggest diffuse injury through-
out the cervical spine; (f) mechanical defor-
mation, stretch and motion, rather than
ischaemia appear to have played the primary
part in the pathological changes observed.

Thus, in terms of treatment, (a) widespread
subaxial cord involvement with myelopathy
may not respond to surgical decompression at
the craniocervical junction and (b) focal cord
compression due to deformity or instability,
even in the relatively asymptomatic patient
should be treated surgically before neurological
deterioration occurs.
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