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Subacute posttraumatic ascending myelopathy:
a literature review
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Study design: A literature review.
Objectives: Our aim was to summarise the history, epidemiology, aetiological mechanism, pathological study, clinical and radiological
evaluation, treatment and prognosis of subacute posttraumatic ascending myelopathy (SPAM).
Methods: Medical literature on SPAM were searched in the PubMed, Medline, Ovid and Embase databases. The cases of SPAM
reported in literature were analysed, and the history, epidemiology, aetiological mechanism, pathological study, clinical and radiological
evaluation, treatment and prognosis of SPAM were summarised.
Results: SPAM remains a relatively rare disorder occurring within the first few weeks after spinal cord injury (SCI). The incidence rate
ranges from 0.42% to 1% among all SCI. SPAM is likely to occur in young and middle-aged male patients. Risk factors of SPAM
include complete injury, low blood pressure, early postoperative mobilisation and nonsurgical treatment.
Conclusions: SPAM is well recognised according to typical clinical manifestation and magnetic resonance imaging characteristics.
There is no effective therapy for this neurological deterioration. The prognosis of SPAM is poor. There is usually a slight improvement of
one or more level(s) below the maximal level of deterioration. The mortality rate is approximately 10%.
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INTRODUCTION

Neurological deterioration after acute spinal cord injury (SCI) is a
dreaded complication. The most common type of neurological
deterioration is acute deterioration, in which a rise of one or two
levels usually occurs. Acute neurological deterioration is reported to
occur in up to 5–10% patients with SCI.1,2 This deterioration usually
occurs within the first several hours or days after SCI and is usually
temporary. Thus the final neurological lesion is lower or higher than
the lesion found immediately after injury.1

Other less common forms of deterioration are subacute and late
deterioration. Late deterioration after SCI occurs at least 2 months
after injury.3–5 Posttraumatic syrinx formation and posttraumatic
myelomalacia are the leading causes for late neurological deterio-
ration.4,5

Distinctly unlike acute and late neurological deterioration after SCI,
subacute posttraumatic ascending myelopathy (SPAM) remains a
relatively rare disorder after SCI, which can be defined as neurological
deterioration ascending ⩾ 4 vertebral levels above the initial injured
site and occurring within the first few weeks after SCI, unrelated to
mechanical instability or syrinx formation.6–13

Here we present a literature review of 33 patients with SPAM
by reviewing 13 published articles1–3,6–17 (Table 1) including the
epidemiology, aetiological mechanism, pathological study, clinical and
radiological evaluation, treatment and prognosis.

METHODS
Medical literature on SPAM were searched for in the PubMed, Medline, Ovid
and Embase databases. The cases of SPAM reported in literature were analysed

and the history, epidemiology, aetiological mechanism, pathological study,

clinical and radiological evaluation, treatment and prognosis of SPAM were

summarised.

History
Frankel3 was the first to report this type of neurological deterioration in 1969.

He first described a patient with a T12 fracture dislocation that led to paraplegia

and ascended to C7 after initial injury.3 This case prompted Frankel to examine

the records of all similar patients within a 14-year period, but there were only

7 other patients who had had neurological deterioration that ascended at least

four segments. However, this type of neurological deterioration was not noticed

by other spine and neurosurgeons for 30 years, until 1999 when Aito et al.6

reported a 30-year-old woman who sustained a fracture dislocation of T11/12

with complete Frankel A paraplegia below T11. She received a posterior surgical

stabilisation 8 h after injury, and on the twelfth postoperative day, she had a

neurological deterioration that was confirmed as SPAM by magnetic resonance

imaging (MRI). In the past 20 years, with the development of MRI techniques,

SPAM has been gradually recognised and more surgeons have reported cases of

SPAM and described its characteristics of clinical manifestation and radiological

examinations.7–17

Epidemiology
An accurate incidence of SPAM is difficult to ascertain because there were only

a few reports of this disorder, and there were no relative statistics on the

incidence rate in most published case reports. Depending on the available

studies, SPAM incidence ranges from 0.42% to ~1% of all SCI.2,3,11 The

mortality rate after SPAM is 9%.11 Mortality aside, the relative morbidity

associated with SPAM is also high, with many survivors requiring prolonged

hospitalisation and even mechanical ventilation.1–3,6–12,14–17
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In the study by Frankel,3 the incidence of SPAM was 1% by reviewing 808
admissions with SCI. However, Frankel found that the incidence of SPAM was
higher in the thoracolumbar junction, approximately 2%.3 Yablon et al.2 found
one case that ascended four levels after SCI among 134 cases and reported
that the incidence rate of SPAM was 0.7%. A study of SPAM evaluated over a
15-year period estimated the incidence to be approximately 0.42%.11

The age distribution of SPAM is shown in Table 2.1–3,6–17 Typically, young
and middle-aged patients comprise the majority of this disorder, accounting for
90.6% (29/32). In addition, there is a significant sex-related difference in
SPAM; males are more likely to suffer from SPAM, and the ratio of males to
females is approximately 5:1 (27:5).1–3,6–12,14–17

The stratification of SPAM by the original injury level is shown in
Table 3.1–3,6–17 More than one-third of SPAM cases had an initial injury in
the thoracolumbar spine. The initial injury was more likely to be fracture
dislocation and burst fracture with a complete paraplegia or tetraplegia than
other types of injury.1–3,6–12,14–17 The majority of patients with SPAM did not
have other significant injuries, such as traumatic brain injury or major chest
injuries, except one patient who had a bilateral pulmonary injury.1–3,6–12,14–17

Aetiological mechanisms of SPAM
Several hypotheses have been postulated to explain the aetiological mechanism
of SPAM, including alteration of cerebrospinal fluid (CSF) circulation, great
artery of Adamkiewicz (GAA) thrombosis, venous thrombosis and congestive
ischaemia, hypotensive ischaemia, infection, apoptosis, secondary injury,
arterial thrombosis, inflammatory or autoimmune reaction and meningitis or
myelitis. The exact cause remains elusive, but the possible hypotheses are
reviewed.

Alteration of CSF circulation
The theory of CSF flow alteration as a cause of SPAM was supported by many
authors.10,11,15,18 Obvious CSF pressure elevation after SCI has been shown in

preclinical and clinical studies,19–21 and CSF pressure elevation may lead to
neurological dysfunction.22 In a SCI animal model, Jones et al.23 found that the
enlarged cord immediately occluded the subarachnoid space in severe SCI, and
elevated CSF pressure was only partially decreased by epidural decompressive
surgery.19 Although traditional epidural decompression seems adequate during
operation, postoperative MRI often reveals that the swollen cord fills the
subarachnoid space.24,25 Planner et al.11 argued that decompression procedures
in SPAM patients should normalise this altered CSF flow, making this cause less
likely.
Meagher et al.10 postulated that intramedullary haemorrhage, oedema

and debris following injury could occlude spinal cord canal drainage.
Fischbein et al.18 described a presyrinx state and hypothesised that obstructed
CSF flow leads to enlarged spinal cord accompanied by prolonged parenchymal
T2 and that the condition was reversible with intervention. Additionally, the
response of neurological recovery to cordectomy also supports the proposal that
SPAM is secondary to altered CSF drainage.5,10,18

The theory of CSF flow alterations as a cause of SPAM correlates well with
the time period of clinical symptoms and imaging findings.14 The delayed
presentation of SPAM probably reflects the time for tethering of the arachnoid
to develop and cause an imbalance in CSF drainage.10 Significant adhesion
possibly ensues and the spinal canal is blocked. Then interstitial fluid builds in
the cord interstitium and cord oedema ensues in conditions described as
progressive posttraumatic myelomalacia, presyrinx or SPAM.10 Although SPAM
is often thought to be partly reversible, the persisting increase of the intrathecal
pressure may result in intramedullary ischaemia and irreversible neurological
deterioration.

GAA thrombosis
The thoracolumbar junction corresponds to the region most frequently entered
by the GAA, which is the largest single medullary artery supplying the spinal
cord.26 Because most patients with SPAM were injured near the thoracolumbar
junction, some authors assumed that a GAA thrombosis was potentially an
aetiological factor of SPAM, such as fibrocartilage and nucleus pulposus.6,16,17

First, if this were the case, the neurological deterioration would occur abruptly
without daily progression,8 and the posterior cord function would be
preferentially spared. Second, a selective spinal angiogram of SPAM did not
show any evidence of a thrombus in the GAA.8,12 Third, the involvement
pattern on an axial MRI of SPAM appears to be more central rather than
anterior and thus does not appear to respect a classic GAA distribution. Finally,
it was not supported by an autopsy study.7

Venous thrombosis and congestive ischaemia hypothesis
Venous thrombosis and congestive ischaemia are other possible aetiological
mechanisms of SPAM.1,6,8,12 After SCI, 68% of patients demonstrate reversal of
the normal haemodynamic gradient, which, in healthy subjects, causes blood to
flow from the paravertebral venous plexus to the inferior vena cava.27 The
gradient reversal is thought to be due to increased vena caval pressure which, in
turn, produces a retrograde elevation of pressure and decreases venous flow in
the valveless paravertebral system.27 Impaired venous drainage of the cord after
SCI may contribute to early neurological deterioration.1,6 Additionally, in
autopsied cases, venous stasis and infarction involve predominantly central and
posterior cord regions,28,29 which is in accordance with the MRI presentation.17

In cases of SPAM, the central involvement may be explained by the greater
sensitivity in grey matter to ischaemia, and the ascending course may be
explained by the progression of venous thrombosis. This theory is supported by
a case presented by Schmidt12 in which the MRI demonstrated vascular
markings consistent with venous congestion. Additionally, the patient appeared

Table 1 Publications analysing SPAM

Authors Year Design of the study Number of patients

Frankel3 1969 Retrospective case review 7

Aito et al.6 1999 Case report 1

Belanger et al.8 2000 Case report 3

Visocchi et al.17 2003 Case report 2

AI-Ghatany et al.7 2005 Case report and literature review 1

Schmidt12 2006 Case report 1

Planner et al.11 2008 Retrospective case review 11

Kumar et al.9 2010 Case report 1

Meagher et al.10 2012 Case report 1

Kovanda et al.14 2014 Case report 1

Okada et al.15 2014 Case report 1

Tan et al.16 2014 Case report 2

Zhang et al.13 2016 Case report 1

Abbreviation: SPAM, subacute posttraumatic ascending myelopathy.

Table 2 Age distribution for SPAM

Age (years) Incidence

11–20 4/32

21–30 11/32

31–40 8/32

41–50 5/32

51–60 1/32

460 3/32

Abbreviation: SPAM, subacute posttraumatic ascending myelopathy.

Table 3 Original injured level of SPAM

Original injured level Incidence

Cervical (C1 to C7–T1) 10/32

Thoracic (T1–T11) 10/32

Thoracolumbar (T11–T12 to L1–L2) 12/32

Abbreviation: SPAM, subacute posttraumatic ascending myelopathy.
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to deteriorate after being placed in a sitting position and while wearing a

thoracolumbosacral orthotic brace, both of which could increase venous

congestion.8,12 These observations, in conjunction with the central distribution

of the MRI signal abnormality and the presence of distended venous markings

in the thecal sac, suggest that elevated venous pressures causing venous stasis

and ischaemia may contribute to SPAM.12 The role of the venous system in the

origin of progressive spinal myelopathy and the reversibility of the myelopathy

is well illustrated by cases of spinal arteriovenous fistulas and venous

hypertensive myelopathy.30,31

However, if increased spinal venous pressure and stasis are relatively

common among patients with SCI,27 then why is SPAM rarely reported?

Furthermore, these associations are not found in all cases of SPAM, suggesting

that another mechanism may be involved as well.

Hypotensive ischaemia
Ischaemia as a result of hypotension has been proposed as a mechanism for

SPAM.6,17 In a study of risk factors for neurological deterioration following

SCI, Harrop et al.1 found delayed deterioration to be associated with sustained

hypotension in patients with fracture dislocations. These changes then cause a

decrease in perfusion pressure and ischaemic insult.12,27 The sitting position

may be associated with increased intra-abdominal pressure and an orthostatic

blood pressure drop, which may further impair venous return from the

paravertebral plexus.6 This may impair cord perfusion leading to an ischaemic

insult. This hypothesis is perpetuated by supportive evidence in a few cases

where the patient developed symptoms when they began to sit.6,12

However, this will not explain the progressive nature of SPAM unless there

are repeated or sustained episodes of hypotension. Moreover, most patients

with SPAM are haemodynamically stable.

Infection
Findings that support the theory of infection include the following: (1) the

temporal progression of the ascending myelopathy, (2) pyrexia, and (3) lack of

significant recovery,3,8 which is similar to the manifestation of acute transverse

myelitis. Other supportive evidence showed an association between a high

blood leucocyte count and neurological deterioration in the first 4 days after

SCI.32 Whether these changes in body temperature and the leucocyte count

were an association or a cause is hard to establish. Kumar et al.9 declared that

an infection, such as acute transverse myelitis, was not the cause of SPAM

according to the patient’s response to steroid treatment with clinical and

radiological improvement. Furthermore, in the reported CSF and autopsy

studies, there was no evidence of infection.8

Apoptosis
As an active form of programmed cell death, apoptosis has a role in the

mechanism of central nervous system injury.33–35 Apoptosis of oligodendro-

cytes will induce myelin degeneration and cause additional axonal function

disturbances.36 Al-Ghatany et al.7 found that apoptotic cells, even at distances

remote from the area of the initial injury, can be observed, which provided

indirect evidence of a significant role played by apoptosis in the progression of

SPAM. However, Al-Ghatany et al.7 acknowledged that apoptosis is unlikely to

be the only cause of SPAM. For instance, patients with SPAM frequently

improve both clinically and radiographically after subacute deterioration,

suggesting that apoptosis may be the end point but not the initiator of

SPAM.7

Other hypotheses
Inflammatory reactions and secondary injury after primary SCI have been

suggested as possible causes of SPAM.8 However, abundant evidence both from

experiments in animals and from studies in humans have demonstrated that

inflammatory reactions and processes of secondary injury are most robust

immediately after injury.37,38 Considering that SPAM is not immediate after

injury and that the frequency is extremely rare, the suggestion that inflamma-

tory reactions and secondary injury cause SPAM lacks persuasiveness.

Pathological findings
There were only two articles on the pathohistological examination of SPAM
published by Al-Ghatany et al.7 and Meagher et al.10

In the study by Al-Ghatany et al.,7 the gross and microscopic findings of the
brain and brainstem were normal. No abnormal arterial or venous channels
were observed, and the GAA was normal. There was no evidence of
fibrocartilaginous emboli or thromboemboli.
Gross examination of the spinal cord with its meninges revealed focal

epidural haemorrhage above the injured site (T4). The upper thoracic and
cervical spinal cord was soft and had a dusky and patchy haemorrhagic
appearance. An inspection of the cross-sections of the lower cervical and
thoracic spinal cord revealed patchy to diffuse haemorrhagic softening involving
both grey and white matters.7

Microscopy showed infarction and swelling of the entire upper thoracic and
lower cervical spinal cord. The infarction was characterised by extensive
necrotic dissolution of the spinal cord with active macrophage infiltration
and residual oedema. The necrosis was most prominent in the upper thoracic
cord at and adjacent to the injured site, but it was also observed in the lower
cervical spinal cord. Immunostaining for caspase-3 revealed many apoptotic
cells in the upper thoracic cord and even the cervical spinal cord.7

In the study by Meagher et al.,10 they found that there was a cyst formation
and the spinal cord had adhered to the dural sac at the injured site.
Additionally, cord histology revealed a loss of myelin with vacuolation of the
remaining myelin. There was no parenchymal B- or T-cell cord inflammatory
change, but there was perivascular cuffing by foamy macrophages within the
cord parenchyma and signs of mild T-cell inflammation and fibrosis around
the nerve roots.10

Risk factors for SPAM
Risk factors for SPAM include complete SCI,13 injury at the thoracolumbar
junction,13 asymptomatic low blood pressure,6,12 early postoperative orthostatic
mobilisation6,12 and nonsurgical treatment.2

In reported cases with SPAM, the initial injury was almost complete SCI and
more likely to be a fracture dislocation and burst fracture with complete
paraplegia or tetraplegia than another type of injury.1–3,6–17 According to
stratification of SPAM by the original injured level, more than one-third of
SPAM cases had an initial injury in the thoracolumbar spine.1–3,6–17

In the case described by Aito et al.,6 the patient had an asymptomatically low
blood pressure and developed symptoms of SPAM when the patient began to
sit upright. In the patient reported by Schmidt,12 there was a low baseline blood
pressure noted, and whenever the patient sat upright for physiotherapy,
scapular pain and paraesthesia in the upper limbs occurred before the onset of
SPAM.12

Early postoperative mobilisation may also induce an orthostatic drop in
blood pressure, including spinal arterial pressure, especially in patients with
SCI.6,12 The spinal arterial pressure may impair cord perfusion sufficiently
enough to produce an ischaemic insult.6,12

Yablon et al.2 found that the patients who received surgical treatment by
thorough decompression of the cord with rigid internal fixation had a lower
incidence of neurological deterioration by comparing the clinical results of 134
patients with SCI.

Clinical evaluation
Although SPAM is a rare neurological deterioration, it is well recognised
according to typical clinical manifestation and MRI characteristics. Depending
on the extent and function of the spinal cord involved, SPAM may cause motor
and sensory deficits varying from partial to complete loss of limb functions, and
the higher the level ascended, the more catastrophic the impediments would be.
And if the brainstem is involved, patients might suffer from dyspnoea and
even death.
Typical characteristics of SPAM are that the patients suffered from

neurological deterioration after a few days or weeks of latent clinical stability
(Table 4). Some patients complained of pain in the arms, shoulder, scapula,
neck, chest or trunk before the appearance of motor weakness.6–8,11,12,15

Additionally, some patients might complain of paraesthesia, weakness in the
upper limbs and arms6,7,10,15 and ascended numbness in the trunk.12,16 Patients
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usually had a different degree of fever from low-grade fever to hyper-

pyrexia.3,8,11,16 Sometimes it might be asymptomatic in some patients with

MRI features of SPAM.11 Neurological deficits can ease over time but do not

restore to the neurological level before deterioration; the symptoms can also

rapidly deteriorate to complete tetraplegia and even dyspnoea, requiring

mechanical ventilation in a matter of hours or days8,10,11,15 from the beginning

of symptom onset. In some patients, pain subsided over several days without

specific treatment.12

A careful neurological assessment, including motor function, sensory

evaluation, deep tendon reflexes and perineal evaluation, is critical and required

to make the diagnosis of SPAM.
Because each level of spinal cord is associated with unique functional

capacity and neurological characteristics, subsequent neurological dysfunction

caused by SPAM can have a specific sign. According to the involved levels,

patients can have dysesthesia of the trunk, arm and hand,8,15 ascended

paraplegic level7,11,12 and decreased muscle strength in the upper limbs and

hands.7–9,15 Reflexes in the upper limb were sometimes absent.10,15

Radiological evaluation
Magnetic resonance imaging. MRI is the golden standard of diagnosis of
SPAM. Common MRI characteristics of SPAM are as follows:1–3,6–12,14–17 MRI

usually demonstrates a central area of high-intensity signal on T2-weighted

sequences that ascended at least four segments cephalad to the initially injured

segment; a maximum of 19 levels ascended has been reported,9 and sometimes

the abnormal signal can ascend into the medulla oblongata. The high-intensity

signal is tapered at the end of the lesion. There is usually a minimal

heterogeneous intramedullary signal on T1-weighted sequences. There is a

mild-to-moderate cord expansion with preservation of a normal rim of cord

beyond the cord changes, with a syringe that is usually absent. In some cases,

diffuse intrathecal haemorrhage can be observed on MRI.

Here we provide a series of typical radiographic dates of a 32-year-old
male who suffered from SPAM on posttraumatic day 21 in our hospital

(Figures 1–3).13

Changes observed on MRI usually did not coincide with the clinical
neurological deterioration. MRI changes could occur without a detectable

neurological deterioration.11,15 MRI scans showed improved condition over

time.14,16 Additionally, follow-up imaging of the cord appears atrophic,8,12 with

significant reduction in the cord signal, and swelling with clean borders can be

observed in the ascending region on T2W sequences.6,9,12 Over 1 year,

Table 4 Latent period of SPAM

Days post injury (days) Incidence

1–3 4/32

4–7 8/32

8–14 14/32

15–21 3/32

422 3/32

Abbreviation: SPAM, subacute posttraumatic ascending myelopathy.

Figure 1 Preoperative plain radiography, computerised tomography (CT) scan and MRI showed a T12 burst fracture with severe canal compromise (a–e).
(a) X-ray of the thoracolumbar in a lateral view; (b) MRI sagittal view of the thoracolumbar T2-weighted sequence; (c) MRI sagittal view of the thoracolumbar
T1-weighted sequence; (d) MRI axial view at the injured site; (e) Axial CT scan at injured site. Postoperative CT scan revealed there was still a canal
compromise (f).

Subacute posttraumatic ascending myelopathy
J Zhang and G Wang

647

Spinal Cord



myelomalacic changes can be observed on MRI, which is characterised by

sharply circumscribed areas of high signal intensity in the central and posterior

cord on T2-weighted sequences and low signal intensity on T1-weighted

sequences.11,15

After internal fixation, the level of the initial SCI could not be visualised well
because of the metal artefact, so some authors stressed the importance of

adopting MRI-compatible instruments.6 There was no difference of MRI of

SPAM with and without gadolinium.6,12,16

Computerised tomography scan. Computerised tomography myelography sug-
gested swelling of the spinal cord, without extrinsic compression at the level

above the initial injured site.7

CSF examination. When lumbar puncture was performed, there was usually a
complete or incomplete block below the injured site and no block injured site,

and the patients also had an increased protein percent and neutrophils.3,7,8 CSF

might have a remarkable appearance, similar to dishwater, and debris can be

observed by microscopy.3 Cultures of the patient’s CSF revealed no bacterium,

parasite, virus or tuberculosis.8

Other investigations. On myelography, diffuse swelling of the cord that
extended approximately two segments above and below the injured

vertebrae2 and a block at the level of the fracture3 could be observed, and

there was no significant extrinsic spinal cord compression above the injured

site.8

Figure 2 X-ray of the thoracolumbar spine after surgery. (a and b) Posterior short segment fixation by pedicle screw. (c and d) Anterior decompression and
fixation.

Figure 3 Cervical spine MRI performed on posttraumatic day 23. (a) The T2-weighted sequence showed increased signalling and swelling between C2 and
the upper thoracic cord. (b) The T1-weighted sequence showed heterogeneous intramedullary signal. (c) Axial T2-weighted image obtained at the C5 level
showing an obvious swelling of the cord.
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Signs of motor denervation of the muscles innervated by involved level could
be detected by electromyography and motor-evoked potentials.6

A selective spinal angiogram demonstrated good opacification of the arterial
system and no evidence of thrombosis, vascular anomaly or dural arteriovenous
fistula.8,12

Other investigations, such as colour-coded Doppler ultrasonography of the
neck and vertebral vessels, chest radiograph, lung scan, MRI or computerised
tomography of the brain and dynamic X-rays of the cervical spine, were carried
out during the early stages of deterioration and were all normal.6,8,12,15

Treatment
For the elusive aetiological mechanisms of SPAM and the rarity of this disorder,
there was no evidence for the efficacy or superiority of any particular
intervention. In addition, it makes the treatment of SPAM a challenge because
of poor prognosis.

Supportive treatment. Supportive treatment is addressed by many
authors3,6,8,11,15 including careful monitoring of blood pressure and maintain-
ing blood pressure at a normal level during the acute phase of SCI, close
observation of neurological function and paraplegic level to detect neurological
deterioration, bedrest to prevent orthostatic hypotension, administration of
oxygen and mechanical ventilation if the patients have symptoms of dyspnoea.

Medication therapy. In the literature published to date, a number of
conservative treatments have been carried out to treat this condition, including
anticoagulation, steroids, broad spectrum antibiotics and osmolar
therapy.3,6–9,12,14–17 Al-Ghatany et al.7 thought that antiapoptotic pharma-
cotherapy might be a promising treatment for SPAM, but there was no report
about anti-apoptotic treatment in SPAM.

Slight neurological improvement can occur in the majority of cases over
time after therapy.3,6,8,9,11,14,17 There was no evidence showing that such
medications can improve functional outcomes.3,7,12 Therefore, it is difficult to
draw a conclusion for or against the use of current treatment in SPAM. There is
no consensus on dose or length of treatment12 or correlation with response.
The disorder could not be prevented by steroid therapy before the onset of
clinical signs.17

Operative therapy. Surgical treatment has been applied to reduce an increased
CSF pressure according to the theory of CSF flow alteration in SPAM.
Described interventions include epidural decompression by laminectomy,3

untethering of the spinal cord and nerve roots with an expansive duraplasty5

and cordectomy with untethering,10 and all of the interventions have been
shown to be effective. Laminectomy can improve the block of CSF at the
injured site; cord untethering and cordectomy would allow drainage of
interstitial fluid into the epidural space if the central spinal canal is
compromised.

One of the patients described by Frankel3 received a laminectomy and was
treated with heparin and stopped ascending. In a case of SPAM reported by
Meagher et al.,10 a cordectomy with cord untethering was performed at the
initial injured site; after 4 weeks, a neurological examination revealed a
complete resolution of SPAM. Lee et al.5 described 40 cases with neurological
deterioration where all patients had a good response following untethering of
the spinal cord and nerve roots with an expansive duraplasty.

However, another author reported that an early surgical decompressive
procedure performed in a patient with SPAM failed to reverse the neurological
deterioration.17 Additionally, we had a case of SPAM who received a cervical
durotomy.13 Unfortunately, the patient failed to show recovery of autonomous
respiration and entered coma with a Glasgow coma score of five and died of
cerebral hernia.13

Prognosis
The prognosis associated with SPAM varies greatly according to the cord level
of ascended myelopathy. In general, after weeks or months of treatment, there
is usually a slight improvement of ⩾ 1 level(s) below the maximal level of
deterioration in most patients,3,8–11,14,16 but sometimes SPAM may be
neurologically devastating or even fatal if the level of cord involved ascends,
which can result in aspiration of vomitus or respiratory failure7,11; the mortality

rate is approximately 10%.11 Additionally, patients rarely recover to the
neurological level before deterioration.10 The clinical recovery was not in
accordance with improvement on MRI.9,11,14 MRI demonstrated obvious
resolution of abnormal cord signal and appeared normal in signal and size
cephalad to the injured site, sometimes with a small focal region of
myelomalacia cephalad to the injury.10,11

CONCLUSION

SPAM remains a relatively rare disorder after SCI, defined as
neurological deterioration ascending ⩾ 4 levels above the initial injured
site and occurring within the first few weeks after SCI. The incidence
of SPAM ranges from 0.42% to ~ 1% among all SCI. Typically, young
and middle-aged patients comprise the majority of this disorder,
accounting for 90.6%. And there is a significant sex-related difference,
such that the ratio of males to females is approximately 5:1. Several
hypotheses have been postulated to explain the aetiological mechanism
of SPAM, but the exact cause remains elusive. Risk factors for SPAM
include asymptomatic low blood pressure, early postoperative ortho-
static mobilisation and nonsurgical treatment. Although SPAM is rare,
it is well recognised according to typical clinical manifestation and
MRI characteristics. There is no evidence for the efficacy or superiority
of any particular intervention. In addition, it makes the treatment of
SPAM a challenge because of its poor prognosis. The prognosis
associated with SPAM varies greatly according to the cord level of
ascended myelopathy. In general, there was usually a slight improve-
ment of ⩾ 1 level(s) below the maximal level of deterioration in most
patients, but sometimes SPAM may be neurologically devastating or
even fatal. The mortality rate is approximately 10%.
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