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MRI findings in spinal cord injury patients who have respiratory distress 
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The present study is an attempt to determine the prognostic capability of 
magnetic resonance imaging (MRI) in patients with a spinal cord injury (SCI) in 
the acute phase. The overall management of SCI patients is a prime considera
tion, and special precautions are required when the patient has respiratory 
distress. Twelve patients with a complete cervical injury accompanied by 
respiratory distress were examined by MRI, and a correlation of the MRI 
findings and the respiratory problems were investigated. In three cases with 
severe respiratory distress, the SCI was present above the C4-S level, and MRI 
showed a high signal intensity at the upper C3. The severity of the respiratory 
failure was well correlated with the upper margin of the high signal intensity on 
T2-weighted images. 
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Introduction 

The conventional methods for the diagnosis 
of spinal cord injuries are plain x-rays, 
tomography, computed tomography (CT) 
and myelography, and there has been no 
direct means to visualise the cord injury 
itself, until the advent of magnetic reson
ance imaging (MRI). It is now possible to 
confirm the presence of spinal cord contu
sion, oedema or haematomyelia. 1-5 

The present study is an attempt to deter
mine the prognostic capability of MRI in 
patients with SCI in the acute phase. We 
also investigated the effectiveness of Gd
DTP A enhanced MRI. The overall manage
ment of the patient is a prime consideration 
in the treatment of SCI. Special precautions 
are necessary when a patient suffers from a 
respiratory impairment. But a respiratory 
problem by no means always occurs imme
diately following SCI. Thus, we focused 
especially on the MRI findings of patients in 
whom respiratory distress occurred after 
SCI. 

The subjects of the study were 39 patients 
diagnosed with a SCI in the acute phase by 
MRI in our department. There were 33 
males and six females, ranging in age from 
16 to 80 years, with a mean age of 46 years. 

The injury site was cervical in 36 cases, 
thoracic in two cases, and lumbar in one 
case. Neurologically, 21 patients had a 
complete injury and 18 incomplete. 

Of the 21 patients with a complete spinal 
cord injury there were 18 who had a cervical 
cord injury. Twelve of the 18 patients 
required a tracheotomy or the use of a 
respirator because of respiratory difficulty. 
The lesion was above C4-S in four cases and 
below CS-6 in eight cases, complicated with 
ossification of the posterior longituding liga
ment (OPLL) in two cases, and spinal canal 
stenosis in one case (Tables I, II). 

Methods 

Picker VISTA (O.S T) and Hitachi G-SO (O.S 
T) were the main MRI systems used. The 
sagittal sections of Tl- and T2-weighted 
images were examined by the spin echo 
method. In the Gd-DTPA enhanced MRI, 
Tl-weighed images were used in 22 cases 
with a spinal cord injury in the acute phase. 
The imaging effectiveness and utility of the 
Gd-DTPA were investigated from the acute 
to chronic phase, including 10 patients with 
apparent respiratory distress. 

A portable respirator was immediately 



Table I The level of complete cervical injury vs respiratory distress w 
N 
.j::. 

Level of cord injury Respiratory distress ( - ) Respiratory distress (+) Total 
� 

Mild Severe 
3 
'" 
3 
0 

C3-4 1 1 0 
C4-5 1 2 3 � 
C5-6 3 7 10 !::.. 
C6-7 2 2 4 

9 3 
Total 6 12 18 

Table II Complete cervical cord injury with respiratory distress 

Case Diagnosis MRI OP Outcome" Tracheotomy Respirator 

Acute Subacute Chronic 

P G P G P G 

1 56 M Disc with narrow canal + + + + + A-A + + 
2 57 M C4-5 fracture-dislocation + + + + + A-A + + 
3 78 M C4-5 fracture-dislocation + A-died + + 
4 20 M C5-6 fracture-dislocation + + + A-A + + 
5 48 F C5-6 fracture-dislocation + + + + A-A + + � 
6 52 M C5-6 fracturc-dislocation + + + + + A-A + .., 

7 52 M C5-6 fracture-dislocation + + + + + A-A + + -§ 

850 M C6-7 fracture-dislocation + + + + + A-A + � 
952 M C7 compression fracuture + + + + + A-A + "" 

N 
10 53 M Fracturc C5 + + + + A-A + + � ...... 
11 59 F OPLL C2-5 + A-A + + \0 \0 
12 61 F OPLL C2-6 + + + + + A-8 + + � 

W 
N w 

"by Frankel's classification" I 
w 

P = plain. G = Gd-DTPA enhanced. N \0 
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available during the MRI examination. The 
acute phase MRI examinations were con
sidered to be those performed within a week 
following the injury (but mostly on the day 
of the injury), while the chronic phase MRI 
examinations were conducted within a 
month after the injury. 

Results 

In the acute phase MRI, the Tl-weighted 
image was favourable, making it possible to 
visualise a high resolution form of the cord 
or spine. The spinal cord could be deline
ated at an iso or low intensity, but good 
visualisation of such cord injury was infre
quent. The T2-weighted images in the acute 
phase were inferior in resolution to the 
Tl-weighted images, but the spinal cord 
injury could be sensitively delineated at a 
high signal intensity. Over the two vertebral 
levels all patients with an extensive high 
signal intensity area had a complete injury, 
virtually none showing any improvement. 
Within one vertebral level, all patients 
showing a focal high signal intensity showed 
moderate clinical recovery. The changes 
within the spinal cord in the T2-weighted 
images were a· useful prognostic indicator 
reflecting a poor prognosis. 

The Gd-DTPA enhanced MRI was done 
in 22 patients, but none showed any imaging 
effectiveness in the acute phase, therefore it 
seemed to be of little clinical significance. 
The ma.ximum effectiveness was found with 
the enhanced MRI in the subacute phase, 
with minimum effectiveness in the chronic 
phase. Moreover, the prognosis was poor in 
patients who showed good enhancement 
imaging. 

Three of the 22 patients who had respira
tory distress required a respirator. The level 
of injury was C3-4 in one case (traumatic 
disc herniation with developmental narrow 
canal) and C4-5 in two other cases (cervical 
fracture-dislocation). Two patients were 
eventually taken off the respirator after a 
relatively long period of respiratory physical 
therapy, 80 and 150 days respectively. A 78 
year old male with a C4-5 injury died of 
pneumonia 10 days after the injury. 

The respiratory impairment was relatively 
mild in those with a spinal cord injury below 

the C5-6 level. Even if a tracheotomy or a 
respirator was needed temporarily, for 
example, for up to 2 weeks, spontaneous 
respiration never disappeared, and the pa
tient was eventually able to breathe un
assisted. 

No matter the security of the respiratory 
problem, acute phase MRI T2-weighted 
images showed a high signal intensity within 
the spinal cord. In those with a complete 
spinal cord injury, there was a high signal 
intensity over an extensive area. There was 
also a good correlation between the severity 
of the respiratory distress and the upper 
border of the high signal intensity in the 
T2-weighted images. In three cases with a 
high signal intensity reaching C3 level there 
was severe respiratory distress. With 
chronic phase MRI, the site of the spinal 
cord injury was visualised as a Gd-DTPA 
enhanced lesion reaching the C3 level. Even 
in the severe cases, the respiratory problem 
did not occur immediately following the 
lllJury, but gradually progressed over 
48-72 h, when respiratory assistance be
came mandatory. 

Two cases which recovered from severe 
respiratory distress are presented as follows: 

Case 1 

A 56 year old man became a quadriplegic 
immediately after a fall from a footstool about 
1.5 m high and was transferred to our depart
ment :3 h later. On admission he was alert and 
normally oriented, with a flaccid quadriplegia 
below the deltoid muscles. The pathological 
reflexes were not elicited. Sensory function was 
absent below the C4 dermatomes bilaterally. At 
this point, his respiration was spontaneous and 
of an abdominal type, but he had slight dysp
nea. The cervical x-ray showed a developmen
tally narrow canal and a slight mal alignment 
(Fig la). The Tl-weighted image of the acute 
phase MRI showed cord compression due to 
disc protrusion at C3-4 and C4-5 levels 
(Fig Ib). The T2-weighted image showed a high 
signal intensity within the cord at C3 and C4 
(Fig Ic). Forty-eight hours after injury, his 
conscious level deteriorated due to respirarory 
distress, and a respirator was installed. He 
received active pulmonary therapy and was 
successfully weaned off the respirator 80 days 
later. After examination, anterior microdiscec
tomies with bony fusion were performed at the 
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Figure 1 (a) The cervical x-ray showed narrow 
canal and slight malalignment. (b) Tl-weighted 
image of acute phase MRI with cord compress
ion due to disc protrusion at C3-4 and C4-S. 
(c) T2-weighted image showed high signal in
tensity in the cord to C3 portion. (d) In chronic 
phase MRI showed cord atrophy at C3-4. 
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C3-4 and C4-5 levels. The chronic phase MRI 
showed cord atrophy at C3-4 (Fig Id). 

Case 2 

This 57 year old man developed complete 
quadriplegia immediately after a fall from a 
construction site about 4 m high, and was 
brought to our department 2 h later. On admis
sion he was alert and well oriented with a 
bruise on his forehead. Neurological examina
tion revealed flaccid quadriplegia with weakness 
of the biceps and deltoid, areflexia, and anaes
thesia below the C4 dcrmatomes bilaterally. His 
respiration was weak and abdominal in type. 
He was dyspnoeic. He required a respirator for 
some 150 days. After delicate but tedious 
respiratory treatment, spontaneous respiration 
began to appear. Cervical x-ray had shown a 
fracture-dislocation at C4-5 (Fig 2a). The Tl
weighted image of the acute phase MRI showed 
severe cord compression due to dislocation and 
a disc protrusion at C4-5 (Fig 2b). The high 
signal intensity of the cord was evident from C3 
to C6 on the T2-weighted image (Fig 2c). 

Discussion 

With the emergence of MRI, direct visual
isation of a spinal cord injury is feasible 
through changes in high signal intensity 
within the spinal cord. The high signal 
intensity in the spinal cord makes it possible 
to speculate on the prognosis of SCI pa
tients.4,5 

The highly sensitive delineation by T2-
weighted images proved effective for an 
appreciation of the prognosis, showing 
intramedullary changes in the cord. With 
the acute phase T2-weighted images, the 
injured cord can be visualised as a high 
signal intensity area. All patients with this 
recognisable and extensive high signal inten
sity over more than two vertebral levels 
formed a complete injury group: in the 
chronic phase the spinal cord showed mye
lomalacia, and the Tl-weighted images re
vealed a low intensity, The widespread high 
signal intensity indicated severe spinal cord 
trauma, and was indicative of a poor prog
nosis. Chakeres et at and Schouman-Claeys 
both experimented with acute phase spinal 
cord injury in dogs. Using a O.S tesla MRI, 
they reported from T2-weighted images that 

a changing high signal intensity indicated 
the presence of petechial haemorrhages and 
oedema.7,8 

All patients with respiratory distress had a 
complete spinal cord injury and had clear
cut and extensive high signal intensity areas 
on MRI. The injured level in three severe 
cases was C3-4 in one case, and C4-S in 
two cases. Those who sustained a spinal 
cord injury below CS-6 level had a mild 
respiratory problem. The severity of the 
respiratory distress correlated well with the 
upper border of the high signal intensity on 
T2-weighted images. In three cases where 
the high signal border impinged on C3, 
there was severe respiratory trouble. In the 
chronic phase, the MRI-indicated locus of 
the spinal cord injury in these cases reached 
the C3 level and was also visualised by the 
Gd-DTPA enhanced MRI. The breathing 
difficulty in severely involved patients oc
curred not just after the actual injury but 
could develop 48-72 h later, and then re
quired respiratory assistance. This also illus
trated the effectiveness of MRI carried out 
very soon after the injury. 

There was significant recovery in all cases 
in which the high signal intensity was lo
cated focally within one vertebral level. The 
fact that these cases in the chronic phase 
showed a disappearance of the high signal 
intensity suggested that patients with the 
focal high signal intensity have a moderate 
recovery of the spinal cord trauma with 
oedema, reflecting possible recovery, Kul
darni et at and Boundurant et at used 1.S 
tesla MRI for acute phase spinal cord injury, 
and suggested that a low signal intensity by 
T2-weighted images indicates haemato
myelia. Reports of such cases have indicated 
that there is no recovery. 9-11 

Hackney et at and Weirich et al used MRI 
in their experiments involving spinal cord 
injury in the rat, only to find that a low 
signal intensity in the acute phase is indica
tive of the development of the haemoglobin 
acidification process.12,13 In our cases, the 
T2-weighted images in the acute-phase MRI 
revealed only a high signal intensity area, 
and a low signal intensity region was found 
in cases of complete injury with a poor 
prognosis. We most often used MRI with 
O.S tesla, so that the resulting low resolution 
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threshold presumably made the delineation 
of the low signal intensity impossible. 

On the other hand, the resolution of 
Tl-weighted imaging in the acute phase was 
favourable, which was effective for the 
diagnosis of morphological changes in the 
spinal cord and vertebra. However, it could 
not serve as a prognostic indicator. Gd
DTPA enhancement proved virtually in
effective for visualisation in the acute phase 
no matter what· the neurological condition 
was. Visualisation was maximal in the sub
acute phase, but poor in the chronic phase. 
The enhancement effect suggests extravas
cular leakage or contrast agent or vascular 
degeneration, But even where there was 
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Figure 2 (a) The cervical x-ray showed fracture-dislocation at C4-S. (b) Tl-weighted image of 
acute phase MRI showed severe cord compression due to dislocation and disc protrusion at C4-S. 
(c) The high signal intensity in the cord from C3 to C6 appeared on the TI-weighted image. 
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good visualisation, the prognosis was poor. 
While it proved to be an effective prognostic 
indicator and helped to estimate the condi
tion in the subacute phase, it was at the 
same time a sign for a poor outcome. MRI 
was also effective in delineating a tiny lesion 
in the spinal cord. 

Conclusions 

MRI was used in cases of complete cervical 
injury accompanied by respiratory distress 
in 12 patients, and the MRI findings and 
respiratory problems were investigated. 

In three severe cases complicated by 
respiratory difficulty, the spinal cord injury 
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