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Abstract

As most patients who have suffered spinal cord injury can now expect a normal life span, the late complications of these injuries
are seen increasingly frequently. Regular surveillance of both the renal tract and the central nervous system (CNS) is important
as the treatment of impending, potentially fatal complications can be implemented before damage has progressed too far. Renal
tract complications are particularly dangerous as they are often clinically silent but regular surveillance to detect early
deterioration in renal function, particularly from reversible causes such as reflux or obstruction can pre-empt problems. Follow-up
protocols depend on the bladder management regime but most centres advocate regular ultrasound with less frequent isotope
function studies. With the increasing ability to diagnose and treat the neurological complications, surveillance of the state of the
spinal cord with MRI is also important and many centres now advocate checks every few years with sagittal midline T2W sections
are sufficient unless changes are noted, when axial TIW sections can be added without significant examination time penalty.
Imaging is critical in acute problems. In addition to suffering from the usual normal conditions, patients with spinal cord injury
suffer others peculiar to, or particularly related to, the injury, which may be missed as their symptomatology is greatly altered by
their paraplegic or quadriplegic status and they may often present as generally unwell but with no obvious cause. This review
discusses the role of radiology in routine surveillance of the CNS and the renal tract as well as in assessing specific conditions such
as deteriorating neurology or renal function, pain, spinal instability, pressure sores, ectopic ossification, muscular spasm, spinal
instability, airway problems and elective operations on the renal tract. © 2002 Elsevier Science Ireland Ltd. All rights reserved.
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jured in their youth now surviving for many decades,
there is an ageing population of patients with SCI and
the chronic changes in the body, particularly in the
central nervous and renal systems, are becoming of
greater importance. In addition there is a group of
geriatric patients injured as a result of trauma exacer-
bating degenerative changes in the spine.

Significant recovery of neurological function rarely
commences more than 1 year after the accident, partic-
ularly in complete lesions. There may, however, be a
deterioration with time, the main herald symptoms
being loss of function, the loss of a reflex or increasing

1. Introduction

With improvements in the management of patients
with spinal cord injuries (SCI) over the past 60 years,
the patterns of morbidity, mortality and psycho-social
outcomes have changed quite markedly [1,2]. Within
the last decade a biphasic pattern of occurrence has
become apparent with peaks of injuries noted in the
third and sixth to seventh decades. With patients in-
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tomography myelogram; DREZ, dorsal root entry zone lesion; DVT,
deep venous thrombosis; EO, ectopic ossification; ERPF, effective
renal plasma flow study (TC-99m MAG?3); HO, heterotopic ossifica-
tion; IVP/U, intravenous pyelogram/urogram; MRI, magnetic reso-
nance imaging; PAO, para-articular ossification (osteopathy); PCNL,
percutaneous nephrolithotomy; PPCM, progressive post-traumatic
cystic myelopathy; PPMM, progressive post-traumatic myelomalacic
myelopathy; SCI, spinal cord injury; US, ultrasound.
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pain or spasms. Any deterioration, however slight, in
the limited function the patient possesses may make the
difference between relative independence and the need
for chronic care, so prompt and accurate diagnosis as
well as regular surveillance are of paramount impor-
tance. Tables 1 and 4 summarise the role of radiology
in the long-term follow-up of these patients. Tables 2
and 5 summarise the role of radiology in investigating
other problems peculiar to patients with chronic SCI.
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Table 1
Radiology is critical in routine surveillance and specific conditions

Routine surveillance
Central nervous system
Renal tract

Specific conditions
Deteriorating neurology
Spinal instability

The acutely unwell patient
Deteriorating renal function
Pressure sores

Ectopic ossification

Pain

Muscular spasm

Airway problems

Elective management of the renal tract

1.1. Cord changes post SCI

The three most important changes that have been
noted in the cord are atrophy, myelomalacia (progres-
sive post traumatic myelomalacic or non-cystic myelo-
pathy) and cystic changes (focal «cyst and
syringomyelia). Understanding of all these conditions
has been impeded by a general lack of agreement on
their definitions, both histologically and radiologically
in the various studies of their occurrence. Most studies
have been performed on relatively small numbers of
mostly symptomatic patients so a true incidence is
essentially unknown. Post-traumatic changes in the
cord are difficult to study as there is no true animal
model and there are few extensive series. The most
comprehensive descriptions are by Quencer [3,4] and
Squier [3].

Following a cord injury, Wallerian degeneration has
been noted cephalad to the lesion and, with demyelina-
tion and subsequent gliosis, is the main cause of proxi-
mal atrophy [6,7] which represents an irreversible state
of degeneration manifest by a loss of spinal cord sub-
stance [8], macroscopically appearing as abnormal nar-
rowing of the cord diameter. Other factors causing
atrophy are still poorly understood and possibly relate
to ischaemia [8—10], a postulated mechanism that sur-
geons who decompress [11,12] or graft omentum [13] or
physicians who administer high dose corticosteroids
within 6 h of trauma [14] are aiming to ameliorate.

In 1915, Holmes [15] described six SCI patients

Table 2
Investigations for surgical planning

whose neurological condition had deteroriated and who
at surgery had intramedullary cysts extending several
segments above or below the injury site. By 1977 about
32 cases had been described and two were added by
Jensen [6] who described an acute (2 months post
injury) and a chronic (4 years post injury) case. In both
there was an extensive cavity which in the acute case
contained phagocytes and myelin tissue breakdown
products. Extensive narrowing of the cord was also
frequently found.

At the time of injury there is an injection of crushed
cord tissue from the site of maximum impact along
shear planes in the cord. This tissue then undergoes
necrosis and cyst formation, a process also probably
involving liquefaction of parenchymal haematoma, is-
chaemia, the release of intracellular enzymes and me-
chanical damage from cord compression [4,17]. The
cysts are eccentrically placed and are rarely contiguous
with the central canal. They have been termed ‘contu-
sion evolving to cavity’.

The progression to syringomyelia, i.e. a cyst extend-
ing beyond the limits of bony damage, appears to
involve arachnoid adhesions, presumably secondary to
blood products and inflammatory changes at the time
of injury. The inability of the cord to move freely and
the consequent turbulent CSF flow dynamics is thought
to lead to the formation of the syrinx [5,18,19]. Animal
models using kaolin irritants [20] and CSF flow assess-
ments in patients with Chiari and post-traumatic cysts
[21-34] support these views and restoration of CSF
dynamics is the basis of the most successful surgical
approach for treatment [35-37], shunting alone being
less successful [38].

The most plausible current concept is that of a
‘pre-syringomyelic’ myelopathic state with reversible
cord oedema secondary to abnormal CSF flow through
the perivascular and interstitial spaces of the cord tissue
[39—-42]. The Miami group have described the condition
of progressive post-traumatic myelomalacic myelopathy
as distinct from that of progressive post-traumatic cys-
tic myelopathy which is characterised by microcystic
change but no true cysts. In both situations the patients
have identical presenting symptoms and signs and at
operation have adhesive arachnoid tethering of the cord
and are relieved by untethering and an allograft expan-
sile duroplasty [36,40].

Spinal cord assessment MRI
Skeletal stability CT

US, AXR, Plain films
Plain films

Sacral anterior root stimulator (SARS)
Intrathecal pumps

CT™M Intraoperative US
MRI Plain films
(flexion and extension 30 min positioning)
MRI Cystourethrography
Scintigraphy
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2. Reported series
2.1. Atrophy

Group mean values for the sagittal diameters of the
cord at different levels have been determined from
pathological studies [43] and CT myelography [8,44,45]
although there appears to be a significant difference
between the two methods. Seibert [46] and Isherwood
[47] have drawn attention to the variation in measure-
ment with CT depending on the window level settings
which may explain some of the variance. Similar differ-
ences exist in measuring atrophy on Tl and T2 se-
quences (personal observations). From the pathological
studies, a normal cervical cord does not measure less
than 7.5 mm and the thoracic cord 6.5 mm [48].

Unfortunately, some authors have assessed atrophy
qualitatively and it is difficult to compare rates when
the criteria are not given. Using MRI, Yamashita [49],
who took < 6 mm in the cervical region and <5 mm
in the thoracic cord as atrophic, found five patients in
a total of 76 (7%) and Curati [50] found 16 in 87 (18%)
using the same criteria. Nidecker [48] found six cases in
22 (27%) patients over 18 weeks post injury using an
undefined criterion of ‘thinning’. However, as the pa-
pers do not describe the sequences or cuts used for
these measurements and there is such a wide interpreta-
tion of the concept ‘chronic’, the groups are heteroge-
neous and comparisons are virtually meaningless.

2.2. Cystic change

Until recently there has been no universally agreed
definition of these conditions and in the literature there
is often confusion between cysts, myelomalacia and
syringomyelia so that comparisons of the different se-
ries is impossible. Some authors record all abnormal
cystic-looking structures as post traumatic spinal cord
cysts (PTSCC) [51] but others make a variable distinc-
tion between focal cysts, syringes and myelomalacia
[48-50,52,53]. Claimed incidences for ‘syringomyelia’
vary between 1, 1.4 and 3.2% [54-56] using clinical
criteria in the pre-MRI era and up to 59% using MRI
[57]. The term ‘myelomalacia’ has been used loosely to
describe acute ischaemic changes due to vascular stasis
and perivascular oedema [48] or areas of degenerative
change in the cord in which there are multiple small
cysts and gliosis.

In one of the largest published series, Curati et al.
[50] examined 87 patients who were a heterogencous
group and approximately one third had already under-
gone spinal surgery. They defined myelomalacia as
areas of patchy low intensity on TIW images with
corresponding high intensity on T2W images. A syrinx
was identified as a low intensity linear or septate struc-
ture within cord tissue on T1W sections together with

areas of low signal in at least part of the cyst on the
T2W sections, a change thought to be due to fluid
motion; the overall characteristics were similar to those
of the surrounding CSF. No distinction between sy-
ringomyelia and a focal cyst was made. With these
criteria, they found an incidence of myelomalacia in
37%, syringomyelia in 40%, persistent cord compression
in 32% and atrophy in 18%.

A syrinx was twice as common in the group who had
had their injury over 10 years prior to investigation
compared with a group of patients less than 10 years
post-injury. Cord compression was found in approxi-
mately equal frequency in patients with total paraple-
gia, incomplete paralysis and with minor signs only
(30-40%).

Several authors [50,53] have noted cyst formation at
less than 3 months post injury. However, there is still
imprecision as to whether this is a focal cyst, myeloma-
lacia or syringomyelia. Most other authors had only
small numbers of true chronic cases.

Fig. 1. Sagittal T2W section showing atrophy.
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Fig. 2. Progressive post-traumatic myelomalacic myelopathy. (a) Sagittal TIW sections showing changes at 3 months post injury. (b) Sagittal T2W
section. (c) Sagittal T2W section showing posterior arachnoid tethering.
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To date the most likely indicator of incidence is the
study reported by Wang [58] where MR imaging at
Stoke Mandeville Hospital of a cohort of 153 consecu-
tive patients, regardless of their symptomatology, who
had had their SCI at least 20 years previously, using the
following definitions:

Atrophy: abnormal narrowing of the spinal cord in
the sagittal plane two segments or more beyond the
limits of the vertebral injury (<7 mm in the cervical
and < 6 mm in the thoracic cord—measured on a local
normal population) (Fig. 1).

Mpyelomalacia: an area of low TIW and high T2W
signal intensity that is between that of normal spinal
cord and the surrounding CSF with ill defined contours
and irregular shapes, occasionally appearing as a string
of small cysts (Fig. 2).

Syrinx: an area with the same signal intensity as CSF
which is usually tapered at one or both ends and which
may appear loculated, with a well defined contour and
which extends beyond the length of maximal bony
damage (Fig. 3).

Focal cyst: an area having the same signal intensity
and contour definition as a syrinx, but with a round or
oval shape and confined to the site of maximal bony
protrusion into the spinal canal (Fig. 4).

Disruption: the complete absence of the spinal cord
signal through the traumatised area reported an inci-
dence of atrophy in 62%, myelomalacia in 54%, sy-
ringomyelia in 22%, focal cysts in 9% and disruption in
7%.

In a stable cyst there is fluid equilibrium and in our
experience, appearances may not change for many
years though if there is no deteriorating neurology, few
surgeons would recommend operation. Life-style mod-
ification may be suggested—e.g. the avoidance of con-
tact sports, etc. In a hydrodynamically unstable cyst,
however, there may be abnormalities in the cord tissue
surrounding the cyst. Jinkins et al. have reported the
correlation of increased T2W signal caudad to the top
of a syrinx (Fig. 3a) with clinically progressive disease
and its disappearance with resolution of the clinical
problems post-operatively. It presumably represents
oedema from raised intra-cystic pressure and is
analogous to the flare in the periventricular oedema of
hydrocephalus [59,60].

3. Treatment

The treatment of syringomyelia is still controversial
and most authors would argue that only the symp-
tomatic syrinx should be treated as the results are
disappointing in terms of recovery of lost function so
any unnecessary surgery should be avoided [19,61].
Traditionally, syringo-subarachnoid, syringo-peritoneal
and syringo-pleural shunts as well as laser cut myeloto-

mies have been described [19] and if possible, drainage
should occur from that part of the syrinx below the
fracture level so that damage to functioning tissue
during placement is minimised. Imaging to identify the
levels is therefore important. Occasionally pre-operative
percutaneous syringography may be required to assess
the patency of a connection between a syrinx extending
from below to above the fracture site. This enables
drainage of the lower segment only to be performed
and minimises cord trauma during catheter placement.
Intra-operative ultrasound may be needed to locate the
exact position of the syrinx as they are not infrequently
eccentrically placed. In refractory cases, cordotomy is
offered but there is general reluctance to accept this
final step in the light of impending new cord treatments
aimed at reconnecting the pathways and promoting
regeneration of the cord [62].

Currently, however, the emphasis on treatment is
changing with an understanding of the role of CSF flow
dynamics and arachnoid adhesions. The most successful
approach is to free the adhesions and create a wide
duroplasty in an attempt to restore some degree of
normality to the CSF flow dynamics [36,40]. The tech-
nique of omental transposition and grafting has been
effectively discredited in controlled trials.

Post-operative assessments to confirm syrinx collapse
or a return to normal of the cord can be rapidly
performed in a brief examination as two or three T2W
or TIW sagittal mid-line sections only are required.
Occasionally shunt blockage is suspected and in this
situation, Gadolinium contrast enhancement may show
an area of increased signal around the catheter tip
suggesting chronic inflammatory reaction and perhaps
infection (Fig. 5).

3.1. CT myelography

If MRI is contraindicated (Table 3) computerised
tomographic myelography (CTM) can give an accurate
assessment of the spinal cord [46]. The contrast is
preferably run up from below but if there is a spinal
block, cisternal puncture (most comfortably ap-
proached via the posterior midline with the patient in
left lateral decubitus) may be needed. Some 5 mm scans
at 15-20 mm intervals the length of the cord are then
performed.

This technique is most useful in the assessment of
atrophy (Fig. 6¢) [8], but can be used to assess the
presence of a myelopathy as the contrast agent diffuses
into areas of myelomalacia or cystic change over sev-
eral hours. Unfortunately the rate at which this occurs
is variable so that scanning of the whole cord at 6, 18
and 24 h post myelography may be needed to show the
characteristic contrast reversal (Fig. 6a,b). It is not
appropriate to scan only the dilated areas of the cord as
a significant syrinx may be present in a cord of normal
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(d

Fig. 3. Syringomyelia. (a) Sagittal T2W section showing flare at the rostral end indicating oedema. (3) Axial TIW section. (c) Sagittal TIW
sections showing ‘septa’ that are probably decussating tracts. (d) Intraoperative US axial image showing the cyst.
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Fig. 4. Sagittal T2W section showing a focal cyst at the injury site.

or even reduced calibre. There are also false positive and
false negative results and it can sometimes be particu-
larly difficult to differentiate myelomalacia from
true cystic change. Its use should be limited to when
MRI is contraindicated.

4. Frequency of investigation

As the rate of progression of complications is variable,
the frequency of investigation is controversial but se-
quential studies have shown that changes in the cord can
progress with surprising speed and a developing syrinx
may become evident within 2-3 months (Fig. 2a),
([50,63] and personal experience). At this stage it has the
features of PPMM. It would seem prudent to scan at
least before discharge from hospital so that a baseline is
established and then at regular intervals, perhaps every
2-5 years, during the follow-up or at any other time if
the neurological condition deteriorates.

The purpose of imaging in the chronic state is to assess
the presence of remediable pathology. PPMM and sy-
ringomyelia are the only direct complications that can be

treated but other pathologies such as disc disease, tu-
mours, etc. may be present and they would require as full
a work-up as in any other patient.

4.1. Contraindications to MRI scanning

In addition to the usual contraindications to the use
of MRI such as cardiac pacemakers (and probably
phrenic pacemakers, although there have been occa-
sional inadvertant cases of scans performed on patients
with phrenic pacers with no demonstrable deleterious
effects), aneurysm clips and some types of metallic
prosthetic valves, great care should be exercised in
scanning patients with SCI. With gunshot or shrapnel
wounds it may be wise to remove the fragments surgi-
cally prior to scanning unless they can be demonstrated
to be firmly fixed in the tissues. This is probably safe in
the chronic state but caution is always appropriate. The
problems are theoretically decreased in magnets with
low field and low power gradient strengths and if the
patient is introduced slowly into the magnet, any ab-
normal reaction should be reversible. It must be re-
membered however that sensation is very abnormal in
these patients.

Sacral anterior root stimulators are used to aid con-
trol of micturition and bowel function. A receiver is
implanted subcutaneously and wires are tunnelled
through a laminectomy in the upper sacrum and
clipped to the anterior roots of the sacral nerves S1-S4,
the exact roots depending on the responses elicited on
testing during the operation. This acts rather like a
pacemaker and there are theoretical reasons for avoid-
ing MRI, such as inadvertant activation of the func-
tions and heat damage to the roots themselves [64].

At least one manufacturer (Siemens, personal com-
munication), has now refused to support the scanning
of patients with sacral anterior root stimulators on the
grounds of potential damage to both patient and scan-
ner, despite the inventor’s own experience in scanners
with his implanted devices. We have scanned many
patients on low (0.2 T) and high (1.5 T) systems with
no untoward effects apart from occasional muscular
contractions that were related to the orientation of the
receiver to the magnetic field and which in all but one
patient were stopped by changing the position of the
patient on the table, generally by rolling them onto
their side. It is, however, prudent not to examine these
patients in high field systems with rapid sequences using
high gradients.

With the increased tendency to early stabilisation
surgery, many patients will have metal fixation plates,
rods, rectangles screws or wires near the spinal column.
The use of titanium decreases the metal artefact and in
many cases excellent visualisation of the cord and soft
tissues is obtained (Fig. 7). Older and cheaper materials
are associated with quite marked artefact, especially on
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(b)

Fig. 5. Post shunt complications. (a) Sagittal TIW section pre gadolineum. (b) Section post gadolineum showing inflammatory reaction at the end

of the tube which settled with antibiotics.

T2W images, which may obscure some details but in
most cases that we have scanned we have gained useful
information and been able to exclude or confirm major
complications.

Persistent spasms are increasingly being treated by
the use of implanted intrathecal drug administration
systems (Baclofen being the currently used drug), that
have a subcutaneous combined pump and reservoir that
are either gas or electronically driven. Theoretically, the
reservoir should be emptied of active drug before scan-
ning to prevent possible overdosage but in practice this
has not proved a problem. Some artefact may arise
from the reservoir but as this is situated on the anterior
abdominal wall it rarely interferes with images of the
spine. Programming should be checked after the scan.

Table 3
Contra indications for MRI

Absolute General contra-indications
SARS Theoretically absolute (Unsupported by
manufacturers if patient or the equipment is
damaged. No damage yet reported in practice,
especially at low field strengths)
Intrathecal Mechanical—no problem
pumps

Electronic—discuss, as control settings may be
altered
Spinal fixation No safety problem after 2 weeks post
devices operatively
Variable artefact
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Fig. 6. CT myelography. (a) Axial sections immediately post injection—note dilated cord with surrounding contrast. (b) Sections, 18 h post
injection with contrast ‘reversal’. (c) Atrophy.



144 R. Bodley / European Journal of Radiology 42 (2002) 135-153

(b) (©

Fig. 7. MRI artefact post stabilisation. (a) Titanium anterior fixation (minimal artefact). (b) Stainless steel wire posterior fixation. (c) Harrington
rods—note the cord can still be usefully seen.
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5. Urological investigations
5.1. Surveillance

While most discussion of the imaging of patients with
SCI concentrates on the spine and the spinal cord,
probably because the ‘holy grail’ of treatment is to
restore function through the damaged segments and a
full understanding of the processes occurring at this site
is critical, from the aspect of the continuing care of the
patient it is the urological system that is by far the most
important (Table 4).

It is largely because of the detailed attention to the
urinary tract that the life expectancy of the patients with
SCI has been increased and their quality of life enhanced
[16]. In the past 20—30 years this change has been so
successful that deaths related to urological complications
have fallen to fourth place behind cardiovascular and
respiratory causes and suicide [1,65].

Bladder contraction is under parasympathetic (S2—-4)
and the bladder neck and sphincter under sympathetic
(T10-L2) and voluntary (S2—4) control so function after
damage can be complex. Spinal cord lesions above T10
will ‘disconnect’ the reflex areas from higher control
giving an upper motor neurone reflexic bladder unless
there is secondary ischaemic damage to the lower cord
and reflex arcs. Trauma below this will damage the
conus or lower motor neurones, hence the reflexes are
lost giving an atonic bladder. In most cases, the sphincter
control is also damaged and detrusor—sphincter dyssyn-

Table 4
Routine asymptomatic surveillance

ergia occurs when the bladder contracts against a closed
sphincter causing a rise in pressure, poor upper tract
emptying, the possibility of reflux and a trabeculated,
neuropathic bladder.

Infection and reflux with consequent renal damage
and stone formation are common sequelae. Gupta [66]
recorded morphological abnormalities in 63% overall
with 3% renal and 11% bladder stones. It is now
accepted that there is a need for long term surveillance
of the renal tract in all patients whether or not they are
symptomatic [67,68] although it may not be so critical
after 10 years of normal radiological follow-up [66]. The
methods used vary between the different centres and
depend on the bladder management technique, which is
a controversial issue and depends on the level of injury
[67,69—-71]; some aim for clean intermittent self catheter-
isation [72] and others for condom catheter drainage, a
technique generally requiring a sphincterotomy to allow
maintenance of a low pressure state within the bladder.
With tapping and supra-pubic pressure techniques,
reflux and consequent renal tract damage is a potential
sequel that may be very insidious in onset. The aim is for
a ‘balanced’, low pressure, regularly drained and infec-
tion free bladder [73].

Recently balloon dilatation and metal stenting of the
external sphincter and prostate has been used with initial
success although a long term follow-up assessment is
required [74—77]. Women may prefer supra-pubic to
urethral catheterisation although they do not have the
same degree of problems as men with urethral catheters.

System Technique Frequency Benefit and comment
CNS MRI of the Prior to discharge then every ? 5 years Watch for early development of progressive post
Cord traumatic myelomalacia myelopathy (PPMM) and
syringomyelia. Lifestyle modifications (e.g. decreased
contact sport, etc.) may be advised
Sag T2
Axial T1 ? only treat symptomatic patients

Renal tract Us At the regular clinical review

AXR

(IVP not

indicated)

ERPF/MAG 3 Baseline, at 1 year then 5 yearly
(depending on departmental capacity and bladder
management technique.)

Urodynamics Variable practice depending on the resources

available

The frequency and use will depend on the bladder
management technique

Renal tract complications are the silent killer
Monitor development of stones and
hydronephrosis—useful as a baseline when
symptoms suddenly change

Low threshold for nephrostomy if ? obstructed
Regular monitoring of renal function to preempt
pressure related effects from detrusor/sphincter
dyssynergia

Deterioration should be investigated further

Not needed if the patient is catheterised or uses
self-intermittent catheterisation

Pressure-flow measurement generally sufficient
Cystourethrography is rarely performed as
surveillance but when there is deteriorating
function, to check for reflux
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As well as regular microbiological screening, annual
or biennial assessment of the upper tracts with either
IVU, US and plain films, or isotope studies have their
advocates [78—80], although the IVU is now rarely used
routinely in most centres, especially when there is renal
function impairment. If the upper tracts are dilated, a
post micturition view must be obtained, if necessary
after a trial with an indwelling catheter, to assess
whether or not this is reversible.

A reasonable practice would be US at 1-2 year
intervals with an ERPF study as a baseline before
discharge, at 1 year and every 5 years if stable. Proto-
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cols vary with departmental capacity but the ERPF
study is a critical method for assessing the function that
US alone cannot provide (Fig. 8). Urodynamics is
rarely advocated as a routine screening technique but is
critical in assessing complications and planning the
bladder management strategy [81].

With recumbency and inactivity, calcium metabolism
changes dramatically, urine flow is often decreased and
this, with infection from urea splitting organisms, leads
to a high incidence of stone formation—3-6% in the
upper tracts, 11% in the bladder [66,82]—which may
present as early as 6 weeks post injury. These patients
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(b)

Fig. 8. The contribution of renography. (a) US showing moderate hydronephrosis. (b) ERPF showing good equal function and delayed emptying.

(c) Poor left renal function (but a misleading normal US).
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require access to the normal range of treatments such
as extra-corporeal shock wave lithotripsy, percutaneous
nephrolithotomy or open surgical techniques for stone
removal.

6. Imaging in specific conditions

6.1. Deteriorating neurology

MRI or CTM is needed to differentiate between
evolving PPMM, syrinx and atrophy and other non
SCI related causes (Table 5).

6.2. Spinal instability

Pain or instability, particularly if associated with
changing neurology, is an indication for stabilisation.
Both MRI and CT studies may be indicated to allow
for planning of the surgical approach and to assess
bone stock. It is crucial to liase with the surgeon
performing the operation as the studies often have to be
tailored to the particular case. In some cases, instability
is not evident on rapidly performed flexion and exten-
sion films and our local practice of careful positioning
over pillows for at least 25-20 min before taking the
film has revealed instability that was a cause of pain.

sezs81

MAGY CLEARANCE = 2es
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Local misalignment will lead to abnormal stresses in
the compensating areas and scoliosis assessment is criti-
cal. Long cassettes are needed to compare the spine in
the normal sitting or standing position with that in the
recumbent position under traction to assess the correc-
tion possible.

A rare complication found in the thoraco-lumbar
region is Charcot arthropathy with a pseudarthrosis of
the disc in which definitive exclusion of infection, e.g.
tuberculosis may require vertebral biopsy.

6.3. The acutely unwell patient

Such patients present a diagnostic challenge as there
is often severe infection present but because of the
abnormal sensation and autonomic function compro-
mise, localising the problem is very difficult. Often a
non-specific trawl is necessary though the most com-
mon causes are the renal tract (see below), pressure
sores and orthopaedic sepsis.

6.4. Deteriorating renal function and renal tract
complications

Any change in dilatation of the upper tracts should
be investigated fully with US and ERPF/MAGS3 stud-
ies, particularly if it is acute and accompanied by
symptoms ranging from a vague feeling of being unwell
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R. Bodley / European Journal of Radiology 42 (2002) 135-153

Indications for specific investigations

Condition Investigation Benefits and comment
Deteriorating MRI Sag T1, T2, axial T1 Differentiation of PPMM and syrinx (treatable) from
neurology atrophy and other non treatable causes

Spinal instability

Acutely unwell

Deteriorating renal
function

Pressure sores
Hip and joint
problems

Ectopic ossification

(HO, PAO)

Pain
Nociceptive
Spine
Visceral
Neuropathic

CNS

Muscle spasms

Airway patency

Elective surgery of
the renal tract

SARS,
augmentation

cystoplasty, artificial
sphincter

CTM with delayed scanning

US (intraoperative)

Plain films (flexion and extension, 30 min positioning)
MRI
CT

Biopsy

Routine CXR and AXR US abdomen—especially renal
tract evaluation

CT chest, abdomen and pelvis nephrostomy

PCNL

AXR, US

ERPF/MAG3

(IVP is rarely indicated)
Urodynamics
Cystourethrography

Plain films

MRI T1 + gadolinium STIR
Sinography + CT

uUsS

Bone scintigraphy (isotope bone scan)

CT

Plain Film

Plain film (flexion/extension)
CT, MRI

MRI

US, AXR
MRI

Scintigraphy
Cysternography
Pump function

AP and lateral tomography CT (very low dose spiral) with
multi planar reconstruction

US, AXR, Plain films

IVP
Urodynamics

Cystourethrogram

Exclude non neurological but treatable causes, e.g. disc,
spinal stenosis
Confirmation of syrinx cavity size and location

Assessment of mechanical instability

Long cassettes for scoliosis monitoring

Planning for choice of surgical options, e.g. pedicle screw
size

May need guided biopsy to rule out infection, e.g.
tuberculosis

It must be remembered that advanced sepsis often
presents as non specific malaise, increased spasms,
autonomic dysreflexia, etc.

A newly demonstrated hydronephrosis, especially if
associated with stones, needs a nephrostomy to exclude
infection

Rule out obstruction, stones, etc.
Split function and handling assessment

Urodynamics for abnormal split function or high
residual volumes in reflux voiders
Assessment of reflux

Extent of involvement

Assessment of subcutaneous tissue damage (often conical
and deep), osteomyelitis or septic arthritis

Delineation of sinus or fissure tract

Ultrasound is the earliest indicator of muscle and soft
tissue pertubation which is a precursor to EO. DVT can
also be excluded in the same examination

Bone scintigraphy is indicated where ultrasound skills
are not available. It is probably most useful in
monitoring activity prior to excision

CT is more sensitive than plain radiography, which is
not positive until 10+ days after the start of the process
Aim is to start treatment as soon as
possible—diphosphonates or radiotherapy (ideally within
5 days of onset)

To assess stability of spine or visceral problems

To assess the state of the spine, e.g. ? bone infection

To assist in planning of surgery

Size morphology and extent of PPMM or syrinx and its
relation to the fracture. To look for arachnoid tethering,
CSF flow abnormalities, etc.

To confirm level of the lesion prior to laminectomy for
DREZ lesion or rhizotomy surgery

General health assessment

Cord assessment (rule out central cause or identify the
site for laminectomy for posterior rhizotomy)
Assessment for intrathecal therapy (CSF pathway
integrity)

Level of blockage if pump fails

Assessment of degree and level of tracheal stenosis

To exclude ureteric reflux, stones, etc.

Exclude spinal anomalies
Aid surgical planning
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to overt infection. Our unit’s experience of over 60
nephrostomies in SCI patients feeling ‘unwell’ but not
objectively very ill in whom a dilated upper tract was
noted as a new finding, is that an obstructed kidney
with urinary tract infection was invariably present and
in approximately half, a frank pyonephrosis was found,
reflecting the length of time from onset to presentation
and the potentially fatal masking of symptoms. Stones
are generally the cause and access to a full range of
stone treatment techniques will be needed.
Cystography to assess for reflux may be required but
autonomic dysreflexia is a hazardous complication of
over distending the Dbladder, particularly in
quadraplegics. It is advisable not to instill more than
250-350 ml with the investigation being terminated as
soon as reflux is noted. In unstable patients where
dysreflexia is likely, investigations should be terminated

and the bladder drained as soon as headaches and/or
sweating is experienced. In patients where this is a
possibility, an automatic blood pressure recorder
should be used and sublingual nifedipine or a GTN
patch may be required to reverse the massive hyperten-
sion occasionally suffered [73].

Urodynamics is now accepted as having a pivotal
role in bladder management [68,70,81]. Multi-channel
analysers that measure intra-vesical and intra-abdomi-
nal pressures to give detrusor muscle activity, combined
with pelvic floor electromyography and video cysto-
fluoroscopy are now used to assess detrusor function.
In most centres, the decision to perform a sphinctero-
tomy is based on urodynamic assessment together with
the presence of other factors such as vesico-ureteric
reflux, upper urinary tract abnormalities, symptomatic
urinary infection or autonomic symptoms.

(b)

Fig. 9. Deep pressure sore—osteomyelitis. (a,b) Large joint effusion, no evidence of osteomyelitis.



150 R. Bodley / European Journal of Radiology 42 (2002) 135-153

©

(C))

Fig. 10. Ectopic ossification. (a) US normal muscle. (b) US abnormal ‘chaotic’ muscle structure 1 day after clinical suspicion. (¢) Tc HMDP bone
scintigram showing extent of abnormality 7 days after clinical suspicion. (d) CT of the hips showing calcification in the quads.

With self intermittent catheterisation commonly
practised, traumatic urethral complications are associ-
ated with sometimes less than dextrous manipulation of
anaesthetic tissues. Urethrography, sometimes with
catheter placement under screening control is required
in this situation.

6.5. Pressure sores

Anaesthetic skin in a paralysed patient is particularly
prone to pressure sores so thin cushions and prolonged
waits must be avoided (2 h immobility on a stretcher
may take 2 days to recover.) Once established, the
depth of the injury is often much greater than expected
from the surface. Secondary infection is common and
septic arthritis and osteomyelitis must often be ex-
cluded. STIR sequences are invaluable (Fig. 9) and
sinography followed by CT will frequently be
necessary.

6.6. Ectopic ossification

Ectopic, heterotopic or para-articular ossification is
an area of abnormal bone formation occuring in the
denervated limb muscles, probably secondary to micro-
trauma, commonly around the hips and knees, which
generally presents in the second to fourth months post
injury as a thick, swollen leg, probably secondary to
trauma. Differentiation from deep venous thrombosis is
critical and this can be readily performed using Doppler
ultrasound when assessment of the muscles can also be
made [83-85].

Ectopic ossification has a characteristic chaotic echo
texture that replaces the normal lamellar structure of
striated muscle (Fig. 10) and this finding is sufficient
diagnostically to initiate treatment—radiotherapy [86],
bisphosphonates, non-steroidals, etc.). Where the skill
is available, this technique has been found to be more
convenient, practical and cheaper for early diagnosis
than the three phase isotope bone scan [87-91].
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Fig. 11. Isotope pump study showing a blockage at the tip of the
tube.

6.7. Pain

This can be considered as nociceptive when a spinal
or visceral cause should be sought, or neuropathic,
when a central cause is likely [92-94]. A full work-up
of the whole patient including the spine and cord MRI
may be necessary, with a special search for infection.

Surgery to the dorsal roots and pain pathways in the
cord (DREZ lesions) may be offered and MRI is
needed for level identification.

6.8. Muscular spasms

These can be a response to pain and a full pain
assessment may be needed. If no underlying cause can
be found then intrathecal antispastic drugs can be given
via an implanted pump and catheter. The most useful
technique for assessing possible pump failure is scintig-
raphy [95] (Fig. 11).

6.9. Airway problems

As well as problems that affect the lungs of normal
people, patients with SCI have increased risks of tra-

cheal stenosis after tracheostomy and of infections if
their neurological level compromises normal respiratory
activity. Low dose CT of the trachea is more informa-
tive than tracheal tomography.

6.10. Elective management of the renal tract

Sacral anterior root stimulators, artificial sphincters,
sphincter stents, augmentation cystoplasties, etc. all
require a careful urological workup to exclude anatom-
ical abnormalities, reflux, renal disease, stones.

7. Conclusion

With appropriate rehabilitation, a patient with a
spinal cord injury can live an extremely fulfilled and
useful life with the minimum of dependency on others.
Regular surveillance and high quality imaging of the
neurological and urological systems is critical to this
goal but unwell patients are a diagnostic challenge that
require complex imaging and thought to resolve.
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