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Summary

Post-mortem microangiography has been performed in 12 patients with traumatic
cervical cord wmjury, 2 patients with myelopathy, and one patient with post-
traumatic syringomyelia.

Microangiography defined 4 zones in the injured spinal cord.

In traumatic injury, the size and extent of the non-filling area (Zone 1) was
directly related to the injury force. Subsequently these areas became cavitated.
Surrounding the non-filling area, widely extending areas demonstrated filling of
capillaries but showed damaged neurons and axons (Zone 2). In the chronic stage,
Zone 2 replaced by gliomesenchymal tissue. The capillaries in the gliomesenchymal
scars revealed a distorted abnormal arrangement (Zone 3).

In a case with myelopathy, the hypervascular areas (Zone 4) were observed just
around the chronically compressed area. The vascular increases were considered to
be a reaction against chronic compression.

In a patient with post-traumatic syringomyelia, the vascular network of the poster-
ior grey matter disappeared and the central arteries were distorted by the distending
forces of the syrinx. The microangiographs suggested that vascular factors might
play a significant role in original cavity formation; but in cavity extension, these
factors were not primary.

Key words: Spinal cord injury; Microangiography; Myelopathy, Post-traumatic
syringomyelia; Autopsy studies.

Regarding pathological studies of spinal cord injury, Wolman (1965), Bedbrook
(1966), Kakulus (1976), Jellinger (1976), Kinoshita (1977) and others have
reported on the pathology of traumatic spinal cord injury.

Microangiography can demonstrate alterations in the small blood vessels of
the central nervous system. Turnbull (1966), Crock (1977), Mannen (1963) and
others have showed microangiographs of the spinal cord from unselected cada-
vers. Studies on the microangiography of spinal cord lesions in man are lacking.
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We here report the post-mortem microangiographic studies that we have
undertaken in traumatic spinal cord injury and myelopathy during the last 25
years.

Materials and methods

The study is based on 12 patients with traumatic injury of the cervical spinal
cord, 2 with cervical myelopathies and 1 patient with post-traumatic syringo-
myelia (Table).

At the time of autopsy the femoral and subclavian arteries were catheterised.
Two litres of normal saline with heparin were perfused through the catheters to
prevent blood clotting. Five litres of 209, barium suspensions (Micropaque or
Baritogen-sol) were injected under 150 mmHg pressure, using the infusion
pump.

The spinal cord with its roots and dural covering was removed, and was
fixed in 109, buffered formalin for 1 week. After fixation, posteroanterior,
lateral, and series 5 mm thick transverse section microangiographs were taken
on Fuji high grain film with a Softex ESM type. Sections 5 mm thick were
then prepared from each transverse section and stained with haematoxylin and
eosin, Luxol-fast blue, trichrome, and Bodian stain.

The microangiographs of the injured tissues were compared with correspond-
ing histopathological sections.

Results

Four zones were defined by microangiography and histopathology of the injured
spinal cord.

Zone 1 (non-filling area): Necrosis of all elements including capillaries and
neurons ensued. Subsequently, the middle part of the area softened and became
cavitated.

Zone 2 (filling, neural damaged area): In the intermediate stage of traumatic
injury around the non-filling area, widely extending areas demonstrated micro-
angiographic filling of capillaries but showed damaged neurons and axons. In
final stages, Zone 2 replaced by gliomesenchymal tissue.

Zone 3 (filling, gliar scar area): In the final stage of traumatic injury and
myelopathy, the arteries of gliomesenchymal scars revealed a distorted abnormal
arrangement. They were bent, thin and short.

Zone 4 (hypervascular area): In myelopathy, the hypervascular regions were
observed around the compressed areas. The vascular increase was considered a
reaction against gradual compression.

Traumatic spinal cord injury

The pathology of spinal cord contusions was graded in three consecutive stages
(Jellinger 1976).

First stage: early stage of haemorrhage and necrosis. Two patients
died within the first 7 days following spinal cord injury. The anterior spinal
arteries were perfused in all our patients. In the experimental study, microangio-
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Table Profiles and clinical features of 15 cases

Age at Duration from
Case injury Sex onset to death Bony lesion Neurological symptoms
Traumatic cervical cord injuries
1 50 M 6 days C4:5 dislocation Respiratory—quadriplegia
2 50 M 6 days C4'5 Hyperanteflexion C4 complete cord lesion
3 23 M 12 days C4/5 dislocation Respiratory—quadriplegia
4 28 M 30 days C4/5 dislocation Respiratory—quadriplegia
5 62 M 5 months Hyperextension C6 anterior cord syndrome
6 45 M 6 months Hyperextension C4 complete cord lesion
7 51 M 8 months C5/6 dislocation C5 complete cord lesion
8 34 F 9 months C6 fracture C5 complete cord lesion
9 48 M 12 months C5/6 dislocation C6 complete cord lesion
10 57 M 15 months C4;5 fracture C3 subtotal cord lesion
11 37 M 4 years C5/6 dislocation C5 complete cord lesion
12 50 M 7 years Hyperextension C5 complete cord lesion
Cervical myelopathies
13 61 M 3 years C4~70PLL C4 incomplete cord lesion
14 68 F 6 years RA, C1/2 subluxation C2 incomplete cord lesion
Post-traumatic syringomyelia
15 33 M 8 years T3 fracture T3 complete cord lesion

graphs within the first 48 hours after injury showed large collections of extrava-
sate of barium suspension in the areas of damaged tissue in the central cord. But
there was no extravasation in these perfused at 7 days.

The non-filling area (Zone 1) was proportional to the force of injury.

In severe injury, filling defects of intramedullary arteries were spread over a
transverse section of the injured segment in which there were mechanical tissue
disruptions, massive haemorrhage, highly developed oedema and ischaemic
necrosis. Surrounding the non-filling areas, widely extending areas were Zone
2. A mixture of necrotic tissue, glial cells, macrophages, and damaged neurons
were found along with swollen axons and multiple end retraction bulbs (Zone 2).

In a case of mild injury, the central arteries and the tree-like branches failed
to fill for 5 mm length in the injured spinal cord.

Second stage: intermediate stage of resorption and organisation.
Two patients died after 8 days to 1 month following spinal injury.

In a case of complete cord lesion, the anterior central arteries were not
perfused in 30 mm length of the injured cord. In transverse section the mas-
sively ischaemic and intensely oedematous regions were shown as filling defects
(Zone 1). The non-filling areas extended upwards and downwards in the form
of a pencil involving as many as a dozen segments. It suggested that such
extensive non-filling changes were possibly caused by ischaemia with disturb-
ance of the venous outflow. The central part of the non-filling area was softened
and became cavitated. In the areas around the filling-defect, capillary networks
were well filled with contrast meda (Fig. 1), but glial cells, macrophages,
damaged neurons and axons were observed histologically, and the large cells of
the anterior horns were necrotic form C2 to C7 levels (Zone 2).

Third stage: final and defective stages. Eight patients died in the final
stage. As time progressed, the damaged parts of the cord were replaced by
gliomesenchymal tissue. The resolving necrotic areas became cavities, and were
surrounded by vascularised granulation tissue which replaced the defect in a
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Figure 1 Case 4, 30 days after injury. Microangiograms of transverse section 5 mm thick. Non-
filling areas extend upwards C1 and downwards T2 in the form of a spindle involving in the
central part of the cord (Zone 1).

centripetal direction and had included regenerated axis cylinders. The arteries
in gliomesenchymal scars showed an irregular, short and abnormally distorting
arrangement (Zone 3).

The anterior spinal artery was preserved in all cases including 1 patient with
an anterior spinal cord syndrome.

Comment: In traumatic injury, the size and extent of the non-filling area was
directly related to the injury force. Subsequently the central part of the non-
filling area softened forming cavities. Surrounding the non-filling area, widely
extending areas demonstrated microangiographic filling of capillaries but
showed damaged neurons and axons.
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Myelopathy

We observed 2 patients, who with myelopathy caused by the ossification of the
posterior longitudinal ligament (OPLL) showed interesting findings on micro-
angiography. In the other patient, with myelopathy caused by atlanto-axial
subluxation in rheumatoid arthritis, a small focal necrotic lesion with glial proli-
feration was found and using microangiography the intramedullary small vessels
appeared to be increased in number adjacent to the small cavities.

Case 13: myelopathy caused by the OPLL

The patient, a 61-year-old man, complained of difficulty in walking and spastic paresis
was present in all four limbs with mild sensory deficits below the level of C5 dermatome
in the upper extremities. Roentgenographic examination showed OPLL at the fourth to
seventh levels of the cervical spine. The narrowing-ratio of the spinal canal was 509, at
fourth cervical spine. Laminectomy from the third to the seventh cervical spine was
performed. There was a mild dilation of the vessels on the posterior surface of the spinal
cord. Despite clinical improvement following surgery, the patient died of a heart attack
on the fortieth post-operative day.

Post-mortem microangiography demonstrated that the anterior spinal artery was
patent. The central arteries and network branches in the grey matter was disrupted from
C4 to C8, the normal vascular network disappeared and the intrinsic arteries showed an
abnormal arrangement (Zone 3), although filling defects were seldom observed. In the
flattened C7 and C8 segments, in contrast to a disappearance of the vascular network in
the grey matter, the posterior perforating branches and central transverse branches in the
white matters appeared to be increased (Zone 4) (Fig. 2). The vascular increase might
be due to the reaction against the long-standing localised compression of the cord.

Microscopically, the pathological changes consisted of severe neuronal necrosis and
demyelination with glial proliferation in C4 to C6.

Comment: In a patient with myelopathy, the normal vascular networks disappeared and
the intrinsic arteries showed an abnormal arrangement, although fillings defects were
seldom observed. The hypervascular areas were seen just around the compressed area.

Post-traumatic syringomyelia

Post-traumatic syringomyelia was found in case 15 at autopsy.

Case 15

The patient, a 33-year-old man, sustained a bursting fracture of T3 resulting in complete
paraplegia. An intrathecal injection of alcohol was performed to treat spasticity of the
lower extremities 6 months after his injury, but muscle spasm remained in thoraco-
abdominal region as a non-blocked area. He began to notice decreasing spasticity of
the thoraco-abdominal muscles 14 months after the injury. He died of acute peritonitis
8 years after the injury.

Autopsy demonstrated that there was a large cystic cavity extending from T4 down-
wards L.4. At T4 and T5 levels, several cavities and arachnoidal adhesions were
identified. At the lower thoracic and lumbar levels there was a single, central smooth-
walled cavity which was fairly central lying posteriorly to the central canal, and diffuse
demyelination, gliosis of the posterior and post-lateral funiculi. In the upper thoracic
cord, an original cavity in the glial scar was observed, and in the C8 segment the right
posterior grey matter was rarefied.

In microangiographs, the capillaries in the dorsal grey matter and the anterior part of
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Figure 2 Case 13, myelopathy caused by OPLL. A Diagram from the preoperative radiogram.
D: Ossification of dura matter, O: OPLL. B Microangiograms of transverse section 5 mm thick.
In C5 level, the intrinsic arteries show an abnormal arrangement (Zone 3). In C8 level, the
network in the grey matters disappears, the posterior perforating branches and central transverse
branches appear to be increased (Zone 4).

the posterior columns disappeared (Zone 1). The central arteries were distorted by dis-
tending forces of ‘the syrinx (Fig. 3B). In the original injured segments, capillaries
showed an abnormally distorted arrangement (Zone 3) in the glial scars and filling defect
(Zone 1) in the right dorsal grey matter (Fig. 3A).

Comment: The original cavity was observed in the upper thoracic cord. The post-
traumatic syrinx extended below the level of the initial injury. The vascular network
of the posterior grey matter disappeared and the central arteries were distorted by the
distending forces of the syrinx.

Discussion

Many authors have documented microangiographic findings in experimental
spinal cord injuries during the last quarter century.

Fairholm (1971) defined two zones in microangiographs 7 to 14 days after
experimental spinal cord injury. Zone 1 was an area of non-filling, capillaries
progressively lost their ability to conduct blood and necrosis of all elements
including capillaries ensued. Zone 2 was the area of vascular filling with
damaged neurons and axons. The presence of patent capillaries in Zone 2
provided the potential for recovery of those structures that survived the effects
of the mechanical injury. Recovery of damaged neurons and axons depended
upon a preserved microcirculation. The coexistence of damaged axons and
neurons and normal appearing capillaries indicated that the microvasculature
was relatively resistant to trauma.
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Figure 3 Case 14, post-traumatic syringomyelia. A Microangiogram of transverse sections 5 mm
thick in C8 level. The vascular networks of the right posterior horn have disappeared. B
Microangiogram in L1 levels. The central arteries are disterted by distending forces of the

syrink.

We added Zone 3 and Zone 4 in the chronic stage of traumatic spinal cord
injury and myelopathy, Zone 3 was the area of glial scar in which the capillaries
showed an abnormally distorting arrangement. Zone 4 was a hypervascular area
in patients with myelopathy.

Experimentally, Sako (1977) and Nakamura (1981) reported that, in acute
injury, blood circulation was reduced, but in chronic compression, despite some
deformation, there was no reduction of blood circulation.

We found hypervascular areas in a patient with myelopathy.

In post-traumatic syringomyelia, vascular factors which included initial cen-
tral haemorrhage, central ischaemia and venous thrombosis might play a signifi-
cant role in the origin of the myelomalic cores, but in cavity extension vascular
factors were difficult to identify with any certainty. The mechanisms of ex-
tension of the post-traumatic syrinx was probably connected with changes in
the pressure in venous system, as ‘slosh and suck mechanisms’ (Williams,
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1981). Barnett (1976) stated that the dense fibre tracts in the white matter and
the anterior commissures presumably had a restraining effect, so the cavities
tended to extend to the grey matter.

Conclusion

In traumatic cord injury, the areas of non-filling, were proportional to the
injury force. They were usually found in the posterior central grey matter and
the ventral posterior columns. In myelopathy, the reactive hypervascular areas
were observed adjacent to the chronically compressed areas. In post-traumatic
syringomyelia, vascular factors may play a significant role in original cavity
formation, but in cavity extension, these factors were not primary.
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