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The need for increased awareness and a high index of suspIcion for post 
traumatic syringomyelia is emphasised. Early clinical diagnosis confirmed by 
MRI and early treatment can avert or minimise the potentially devastating 
effects of post traumatic syringomyelia. The regular and frequent follow up of 
the patient on a yearly or alternate year basis to monitor the patient with spinal 
injury for this complication, as well as other complications, is the best way to 
ensure that post traumatic syringomyelia is diagnosed and managed early in 
order to avoid further disability. 
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Introduction 

Syringomyelia is a relatively infrequent, but 
potentially disastrous complication of spinal 
cord injury. A high cervical syringomyelia 
can be life threatening due to its rapid 
progression and upward extension into the 
brainstem. Since Barnett'sl description in 
1966, post-traumatic syringomyelia (PTS) is 
being increasingly recognised. Unfortun
ately, the existence of PTS as an entity has 
not yet been widely appreciated, particu
larly by orthopaedic surgeons. PTS has been 
confused with conditions such as Hansen's 
disease,2 and lack of awareness of this 
complication of spinal cord injury has re
sulted in missed diagnosis,3 and incorrect 
treatment, such as ulnar nerve decompres
sion at the elbow.4 

Incidence 

The reported incidence of PTS is between 
0.3 to 3.2% , with a mean of 1.3% .5 In a 
retrospective study of 815 spinal cord in-
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jured patients, we noted a 3.4% overall 
incidence of PTS.4 Edgar and Quail6 esti
mated the true incidence of post-traumatic 
cystic myelopathy to be between 5 and 8% . 
The incidence of PTS is higher in dorsal 
spine in some series,3,4,7,8 and higher in 
cervical spine in others.9,lO 

The interval between spinal injury and 
syringomyelia is variable, and can occur 
from 2 months3,1l to several years after the 
injury. The patients with incomplete cord 
injury developed PTS after longer interval 
compared to patients with complete spinal 
cord injury in the series of Lyons et aI, 10 who 
reported the onset of PTS after a mean of 
101 months in nine patients with incomplete 
lesions as compared to 39 months in 12 
patients with neurologically complete le
sions. However, Vernon et al and EI Masry 
and Biyani4 could not find any significant 
difference in the time of onset of syringo
myelia between the patients with complete 
and incomplete cord injuries. Syringomyelia 
in a previously neurologically intact patient 
with a vertebral fracture is rare. Van den 
Berghl2 reported development of syringo
myelia in a patient who initially had com
plete neurological recovery after spinal cord 
injury. 
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It has been suggested that the incidence of 
syringomyelia in complete lesions is similar 
to incomplete lesions, and there is no 
correlation with the severity of original cord 
injury.2,5,13 Backe et al14 reported similar 
incidence of post-traumatic spinal cord cysts 
between the patients with ASIA (American 
Spinal Injury Association) motor index of 
less than 50 or more than 50. However, the 
incidence of syringomyelia following com
plete cord injury was two to three times 
higher than incomplete spinal cord injury in 
other series.4,6-8,1O Rossier et al9 reported 
3.9% and 2.4% incidence of PTS following 
complete and incomplete spinal cord injury 
respectively. In their series, syrinx forma
tion was higher in complete tetraplegia and 
incomplete paraplegia. The literature is thus 
replete with confusing information on the 
incidence of PTS, which may be due to 
several factors including the type of initial 
spinal cord injury treatment, differing re
habilitation programmes and lack of well 
designed epidemiological studies. 

Post-traumatic syringomyelia has been 
reported to occur following either sur
gicaI15-17 or conservative18 treatment. Un
fortunately, many larger studies2,3,7-10,19.20 
do not mention the mode of initial treat
ment of the spinal cord injury. There are no 
large studies in the literature comparing the 
incidence of syringomyelia in conservatively 
and surgically treated spinal cord injury 
population. 

Pathogenesis 

Exact pathogenesis of PTS has not been 
elucidated. Several theories have been put 
forward, but the most attractive and widely 
accepted theory has been proposed by 
Williams et al ,21 who recognised two steps in 
the pathogenesis of PTS, namely formation 
of cavity followed by its enlargement and 
extension. Initially, a cavity forms by lique
faction of the cord tissue or hematoma at 
the site of the spinal cord injury. Micro
infarcts21 as well as lysosomal and other 
cellular enzymes22 may also play an impor
tant role in the liquefaction process and cyst 
formation. Additionally, arachnoiditis or 
arachnoid adhesions due to the healing 
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process may tether the traumatised spinal 
cord. Upon spinal flexion and extension, 
adhesions of the anterior and posterior parts 
of the cord may lead to upward and 
downward movement of the posterior por
tion of the cord independent of the anterior 
portion, thus initiating a cavity within the 
spinal cord by traction-distension.8,2l Arach
noiditis may also facilitate cavitation by 
producing ischaemia or directing cerebro
spinal fluid from the subarachnoid space in 
to the cord cavity, possible by transmural 
fluid migration.23 

The cavitation is most frequently initiated 
at the level of the fracture,8 in the grey 
matter between the dorsal horns and pos
terior columns, which is a relatively avascu
lar zone between the dorsal and ventral 
arterial supply and is also relatively deficient 
in connective tissue.7,8,21 The cavity may 
subsequently break down and communicate 
with the central canal. Rarely, the intra
medullary cavity may be associated with 
intradural arachnoid cystS.15 

Expansion and cephalo-caudal extension 
of the cyst occurs by transmission of the 
distensile pressure pulses within the epi
dural veins due to coughing, sneezing, 
straining or exercises. Williams et al2l have 
described two phenomena affecting intra
cordal fluid movements. The first mechan
ism, so called 'slosh' involves vertical 
pulsatile surge of the pressure and fluid 
movement within the cord. 'Slosh' occurs as 
a result of increased epidural venous pres
sure and it breaks down the areas of 
structural weakness in the cord, thus leading 
to extension of the syrinx both proximally 
and distally. Septations are indicative of 
substantial filling of the syrinx under ten
sion, and 'slosh' movements in this situation 
are of relatively shorter wavelength, extend
ing between adjacent septa.23 'Suck' is the 
second mechanism involving partial sub
arachnoid block, in which the fluid is ini
tially forced up with increased epidural 
venous pressure but is returned only slowly, 
thus creating a pressure gradient across the 
subarachnoid partial block, with negative 
pressure caudal to it. The positive pressure 
proximal to the block leads to extension 
of the syrinx proximally. Acute distension 
of the syrinx has been reported to occur 
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due to intracavitary haemorrhage, so called 
Gowers' syringeal haemorrhage, but this is 
rare.24 

The role of internal gibbus, post
traumatic kyphoscoliosis and instability has 
not, so far, been specifically evaluated in the 
initiation or propagation of the syrinx. 
Similarly, the effects of scarring and arach
noiditis secondary to surgical treatment of 
the spinal injury are not well understood. 
Why some patients develop syringomyelia 
as early as 2 months after injury, while 
others may not develop PTS until several 
years later, is also not clear. 

Pathology 

On ultrastructural study of post-traumatic 
syringes obtained from two patients who 
underwent surgical cordectomy, Reddy 
et aP5 demonstrated that the syrinx is lined 
largely by flattened ependymal cells, 
thought to represent the remnants of central 
canal ependyma. Clusters of disorganised 
ependymal cells caudal to the syrinx cavity 
were seen in their specimens, supporting 
their hypothesis that the central canal either 
gives rise to syrinx at least partially or it is 
subsequently incorporated into the syrinx. 
Presence of collagen has been reported in 
the syrinx lining by Oakley et al,26 but this 
was not confirmed by Reddy et at.25 Sher
man et aln microscopically examined two 
spinal cord autopsy specimens and demon
strated that abnormally high MRI signals 
around the syrinx were due to gliosis, which 
is an astrocytic response to adjacent tissue 
damage. Williams & Timperley28 noted the 
severity of gliosis to be directly related to 
the duration of syrinx formation and sever
ity of the forces on its wall. Gliosis is 
therefore maximally present circumferen
tially and proximally, in response to the 
distending upward forces.29 Reddy et al25 
concluded that these changes represent the 
nonspecific sequelae of distensile forces 
within the syrinx cavity based on their 
findings of similarity of structural appear
ance of a post-traumatic syrinx to that of 
communicating syringomyelia and periven
tricular changes associated with hydro
cephalus. 
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Clinical features 

Pain is the commonest initial symptom of 
PTS in most series.3,4,9,30 It may be a dull 
aching and constant, or stabbing, burning 
and intermittent in nature. Pain is usually 
located at or above the site of the original 
spinal injury, and may radiate to the neck or 
the upper limbs. Rarely, the pain may be 
referred to areas below the spinal injury e.g. 
abdomen or the lower limb. 3,9 Pain is 
usually increased by straining, coughing or 
sneezing. Rossier et al9 noted that the pain 
was worse in sitting rather than lying posi
tion in some of their patients. This may be 
attributed to the gravitional forces on the 
lower part of the cyst, resulting in focal 
stretching of the spinal cord. 13 

The syrinx usually extends superiorly 
more than inferiorly, 13 leading to an ascend
ing sensory level, which is the second most 
common presentation after pain3,4,9 and is 
almost always present, unless PTS is de
tected at a very early stage by routine MRI 
scanning. In a series of 30 patients with PTS, 
Rossier et al9 noted dissociated sensory loss 
between pain and proprioception in 28 
patients and between pain and touch in 19 
patients. They suggested that the touch 
sensation is less frequently involved in PTS 
due to mediation of its fibres in anterior and 
lateral as well as dorsal columns. The pain 
sensation is most commonly impaired, but 
the temperature sense is impaired in 50% of 
cases, while vibration and proprioception 
may be normal. 7 The sensory loss may be 
patchy and may exhibit daily variations.3 
The deficit may be unilateral3 or bilateral. 9 

Increased motor weakness is the third 
most common feature of PTS. Several au
thors3,9,31 have noted that motor weakness is 
rarely a sole clinical feature of PTS. Exclus
ive motor weakness occurred in one out of 
nine patients of Anton & Schweigel7 and 
three out of 40 patients of Vernon et al.3 
Motor weakness is commonly associated 
with an ascending sensory level and loss of 
deep tendon reflexes. Loss of deep tendon 
reflexes in the upper limbs is the earliest 
sign of PTS, and can usually be elicited 
before the onset of the symptoms.30,31 Deep 
tendon reflexes may also be lost in lower 
limbs in up to 50% patients with PTS. 21 
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Hyperhidrosis may be present in the 
patients with PTS usually above the level of 
the cord injury. 21,30 Presence of hyperhidro
sis below the level of previous spinal injury 
may indicate extension of the syrinx proxim
ally and distally Y Increased spasticity,14 
decreased spaticity,33 hypertension17 and 
neuropathic joints2 are other less common 
features of PTS. Diaphragmatic paralysis is 
a life threatening complication that may 
occur due to a syrinx extending proximal to 
C4 level. Trigeminal nerve involvement and 
Horner's syndrome may also be associated.7 
Rarely, a partial Horner's syndrome may be 
present, which may demonstrate anisocoria 
only.33 

Urinary involvement has been previously 
described in association with PTS in one 
patient,34 but this was considered to be an 
aetiological factor by increasing the venous 
pressure rather than a result of PTS. On the 
other hand, downward extension of the 
syrinx may render the urinary bladder hypo
reflexic, and this may present with increased 
difficulty in voiding as the sole presenting 
feature or in combination with other clinical 
features of PTS.4 Rarely bowel dysfunction 
may be caused by a syrinx extending to the 
conus, which may necessitate a colostomy. 33 

Diagnosis 

Various diagnostic imaging techniques have 
been used in the past for the diagnosis of 
PTS. These include now obsolete invasive 
techniques such as oil myelography, 35 cyst 
puncture and oil myelography36 and gas 
myelography.37 The introduction of CT scan 
was a significant step forward in the diag
nosis of PTS.38,39 Lyons et allO performed 
the scans immediately, 5-8 h and 24 h after 
the contrast injection. They recommended 
at least one scan to include the posterior 
cranial fossa to assess the fourth ventricle. 
Griffith & McCormick2 and Lyons et allO 
advocated CT myelography. The cord often 
appears smaller on CT scan than on gas 
myelograrhy due to lack of gravitational 
filling.37,4 The length of the syrinx and the 
area of the maximum cyst dilatation as well 
as any communication with the fourth ven
tricle are better delineated by gas myelo
graphy,37 because the imaging table used for 
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gas myelography can be tilted up or 
downwards, which is not possible with CT 
scan. However, communication between 
post-traumatic syrinx and fourth ventricle is 
rare.26 However, gas myelography is an 
invasive technique, it needs a general anaes
thetic to perform, and it cannot differentiate 
a post-traumatic cystic myelopathy from a 
cystic tumour which may rarely coexist in a 
spinal cord injured patientY 

Magnetic resonance imaging (MRI) is 
currently the preferred mode of investiga
tion for the diagnosis of PTS. It provides 
noninvasive, multiplanar, high resolution 
images of the posterior cranial fossa, the 
spinal cord and the syrinx.41.43 T1 and T2 
weighted spin echo sequences in sagittal 
planes and T1 images in axial planes have 
been recommended for demonstration of 
the syrinx and its extent.43 Low signal of the 
cyst fluid contrasts with intermediate 
strength signal of the spinal cord in T1 
images, which provide better anatomical 
resolution due to less motion artefacts. 
Increased signal intensity due to gliosis may 
be seen on T1 and T2 weighted images in 
the areas surrounding the syrinx,17,27 and 
circumferential gliotic bands may give a 
beaded appearance to the syrinx on the 
longitudinal scans.44 T2 images are also 
helpful in detecting associated intrinsic cord 
disease or demyelination. 45 

The syrinx is often eccentrically located, 
and the reported mean of this maximum 
cavity diameter on MRI scan is 6.6 mm to 
7.1 mm.21,43 It can extend over several ver
tebral segments the mean reported length 
varying from 3.6 to 10.1 segments.4.20.27,43 
An intriguing feature of syringomyelia is an 
extraordinary lack in the correlation be
tween the size of the syrinx and the intensity 
of the deficits.4.33 

Backe et al14 demonstrated spinal cord 
cysts at the level of the previous spinal cord 
trauma on routine MRI scanning in 32 of 63 
patients (51% ), who were either asympto
matic or were tolerating their symptoms. 
None of these patients presented with 
ascending myelopathy. Thus, demonstra
tion of a post-traumatic spinal cord cyst on 
MRI does not constitute a clinically signifi
cant syrinx. The natural history of these 
small asymptomatic cysts is difficult to 



Paraplegia 32 (1994) 723-731 

ascertain from the study of Backe et al ,14 as 
it was concluded after a relatively short 
follow up of 1.6 years. Tobimatsu et al46 and 
Williams23 believe that the term 'syringo
myelia' should be applied only when the 
cavity extends to two or more vertebral 
body segments. 

MRI is useful in detecting progression of 
PTS. It is also valuable in selecting the site 
of myelotomy and shunt placement, and 
assessing the outcome of the surgical treat
ment of PTS (Figs 1 and 2). Its drawbacks 
include implant related artefacts, and diffi
culty in differentiating PTS from myeloma
lacia47 and from tumour associated syringo
myelia. Finally, MRI has also been shown to 
be inferior to intraoperative sonography in 
detecting septations and small additional 
cysts.17 Use of nonferrogenous implants, 
gadolinium enhanced images, and newer 
MRI scanners may be able to overcome 
these problems. 

The role of intraoperative real time sono-

Figure 1 High dorsal fracture with syringomye
lia extending upwards and downwards. This 
patient had previously been treated by a drain
age tube to the widest part of the syrinx. 
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Figure 2 Cervical spine of the same patient as 
in Figure 1. The scan extends as high as Cl. 
This young woman had no motor losses high
lighting the possible discrepancy between the 
size of the PTS and the absence of symptoms 
but a syrinx of this size is clearly life threaten
ing. 

graphy in PTS has not been extensively 
investigated, but it has been successfully 
utilised to localize cystic cavities. 15 Gebarski 
et al17 noted that intraoperative sonography 
was superior to delayed CT myelography as 
well as MRI in detecting septations. They 
also considered intraoperative sonography 
to be useful in selecting the site of myelo
to my and placement of a shunt, as well as 
for intraoperative confirmation of adequate 
decompression of the cyst. 

Electrophysiological studies have a lim
ited value in the diagnosis and monitoring of 
syringomyelia. Needle electromyography 
and F wave studies of the median and the 
ulnar nerve have poor sensitivity and speci
ficity for the diagnosis of syringomyelia. 
Central motor conduction time calculated 
from the scalp and the spine motor evoked 
potentials is the only useful electrophysical 
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Figure 3 Postoperative MRI scan including the 
level of the fracture. Same case as Figures 1 
and 2. Notice the collapse of the upper syrinx 
with widening of the subarachnoid space ventral 
to the cord. At the site of decompressive lamin
ectomy the CSF pathways can be seen to be 
patent past the site of the artificial cisterna 
magna behind the fracture. The cord at the site 
of the injury shows the persisting cavitation. 
This is sometimes referred to as a primary cyst 
and its persistance suggests that the mechanisms 
are different from the extensive syringomyelia 
which was previously present above and below. 

test,48 but its usage has not become popular, 
and it has only limited application as an 
adjunct to MRI. 

Treatment 

The natural history of PTS has not been 
fully defined and can be variable. It is not 
clear how small spinal cord cysts behave and 
when they the are likely to become sympto
matic. Some authors3,9 believe that all the 
patients on conservative treatment of spinal 
cord cysts will eventually show signs of 
progression and neurological deterioration, 
if followed up for long enough. On the other 
hand, the neurological status may remain 
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unchanged for months or years despite slow 
progression of the cyst,9 or rarely sponta
neous resolution may occur. lO,49 

It has been recommended that nonpro
gressive asymptomatic PTS may be treated 
conservatively by close observation and 
serial MRI scanning.8,14,16 However, Lyons 
et aitO recommended surgical treatment for 
all the patients with PTS involving the 
cervical cord, to minimise the risk of 
respiratory failure secondary to rapid pro
gression of the syrinx. 

Surgical treatment is recommended for 
progressive syringomyelia with neurological 
deterioration. Cord transection is feasible 
only in complete lesions.lO,50 Needle aspira
tion of the syrinx or myelotomy51 often has 
poor results because of its inability to 
maintain continued drainage of the syrinx. 
However, Levy et ai52 recommended percu
taneous drainage followed by MRI scanning 
to confirm the diagnosis and causal relation
ship of PTS in patients with atypical clinical 
features by demonstrating the resolution of 
the symptoms. They also concluded that 
MRI evidence of complete evacuation of the 
syrinx by percutaneous drainage indicates 
the absence of significant loculations or 
septations within the cavity, and therefore, 
a good outcome following a shunting pro
cedure can be predicted. 

Good results have been reported follow
ing a syringo-subarachnoid shunt,16,53,54 but 
the shunt frequently gets blocked, with 
recurrence of syringomyelia.1O,49 Lyons et 

ailO advocated a syringo-peritoneal shunt 
for thoraco-lumbar syrinx, and syringo
cisternal shunt for high thoracic or cervical 
syringomyelia, as the shunt blockage is less 
compared to a syringo-subarachnoid shunt. 
Some authors19,51,55 have reported a syringo
peritoneal shunt to be better than a syringo
subarachnoid shunt. However, Umbach and 
Heilporn5 noted that no one shunting pro
cedure has been clearly shown to be super
ior to others. 

Williams8 recommended that the syrinx 
should be shunted to a low pressure system 
such as the pleural or the peritoneal cavity 
for effective drainage, and an internal post
traumatic gibbus or arachnoiditis, if present, 
should be dealt with at the same time. 
According to him, abolition of a pressure 
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gradient and free flow of the cerebrospinal 
fluid are vital factors in minimising the risk 
of recurrence of syringomyelia. Vascular
ised omental transposition has recently been 
performed for myelomalacia and meningeal 
adhesions with or without cystic changes, 
with mixed short term results,23 and no long 
term studies have yet been published in the 
English literature. 

Edgar & Quail6 described a procedure 
called laser myelopiccolotomy with a view 
to obviate the need for a shunt tube. 
Multiple drainage sites were created by 
making multiple puncture holes throughout 
the cyst using laser. However, in their 
preliminary experience with 18 cases, they 
had a 50% revision rate to dural scarring 
which obstructed the myelotomy sites. 

Septated syringomyelia presents prob
lems in ensuring complete drainage of all 
the chambers. Huewel et al56 recently re
ported satisfactory preliminary results in 11 
patients with septated syringomyelia treated 
by using flexible neuroendoscope, which 
allows perforation of septa under vision. 

The results of surgery for PTS are favour
able. In our series,4 22 patients treated 
surgically for PTS had 13 good (neurologic
ally improved) six fair (neurologically 
stable), and three poor (neurologically 
worse) results after a mean follow up of 3 
years (range 6 months to 15 years). Relief 
of pain, often dramatic, is almost always 
observed, and improvement in motor 
weakness is another fairly consistent finding 
of surgical treatment of PTS.4,9,19 Sensory 
recovery has been poor in several stud
ies,7,9,19,53 but Lyons et allO and EI Masry & 
Biyani4 reported postoperative sensory im
provement in 91% and 72% of patients 
respectively. Umbach and Heilporn5 noted 
that surgery has no effect on spasticity of 
dysaesthetic pain, but in our series4 spasti
city improved in 80% patients. According 
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to Williams33 decompressive surgery for 
syringomyelia often improves the bladder 
function in patients with syringomyelia in
duced bladder dysfunction. However, the 
spasm may intensify as the lower syrinx 
heals. 

Grant et al57 and Pillay et al20 recom
mended measurement of the size of the 
syrinx on pre and postoperative MRI scans 
to determine the prognosis of PTS. The 
measurements of absolute cord size and of 
the syrinx in the preoperative MRI axial 
cuts are, in our experience, subject to 
considerable error, and do not seem to have 
any significant prognostic value. In our 
experience4 and that of Williams,33 there is 
no correlation between the size of the syrinx 
on the preoperative MRI scans and severity 
of neurological deficit. On the other hand, 
like Pillay et al,20 we noted good correlation 
(85% ) between reduction in the size of the 
syrinx on postoperative MRI scan and the 
result of the surgical treatment. 4 Complete 
drainage of the syrinx, was however, not 
necessary in our study for a good clinical 
outcome, which could be obtained even by 
mild to moderate reduction in the size of the 
syrinx. 

In summary, there is need for increased 
awareness, and a high index of suspicion for 
PTS is emphasised. Early diagnosis by MRI, 
and early treatment can avert or minimise 
the potentially devastating effects of PTS. 
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