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Surn.rn.ary 

Haemoperfusion and oxygen saturation were studied by tissue r"eJlection spectra on 

the dural sac of dogs, Experimentally, decompression laminectomy and external 

pressure on the dural sac were carried out. Haemoperfusion and oxygen saturation 

were investigated in the open state, and after an external pressure was applied. 

After the application of external pressure, paraplegia occurred. 

The tissue Spectrum Analyser 'TS-200' (Sumitomo Electric Industries Co. Ltd, 

Japan) was used for the measurement of haemoperfusion and oxygen saturation. 

With this apparatus, an optical fibre probe is applied to irradiate tissue with white 

light, and the absorption spectrum of the reflected light from tissue is analysed. 

It has been confirmed that oxygen saturation was not changed in either state, 

however, haemoperfusion was decreased when external pressure was applied. 

Key words: Spinal cord compression; Spectrophotometry; Haemodynamics. 

To elucidate circulatory changes in the dural sac in paraplegia, we studied 

experimental circulatory changes in the dura mater as indicated by the haemo

globin level in the blood by using a reflected spectrum that allows quantitative 

determination of the oxygen metabolism in tissues. 

The tissue reflectance spectrum technique that was developed by Chance et 

al. in 1951 to determine oxidation and reduction of dyes in tissue employs a 

two wavelength spectrophotometer. Thereafter, Sato et al. developed an instru

ment for organ reflectance spectrum analysis, which is now used to observe 

mucosal haemodynamics in combination with an endoscope. 

* Presented at 27th Annual Scientific Meeting of IMSOP, Perth, WA, Australia, 10 May 1988. 
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Figure 1 Spectrometry system. (Tissue Spectrum Analyzer 'TS-200' Sumitomo Electric 

Industries Co. Ltd.). 

Materials and tnethods 

Subjects 

Measurements were made in the dural sac of 5 dogs in the open decompression 

state due after laminectomy, and after extenral dural pressure was applied. The 

experimental dogs' weights were 15-18 kg. Under general anaesthesia, lam

inectomy of the lumbar spine was carried out. 

In the present experiment, a fibre holder with a spring exerted a fixed pres

sure on the dura mater, and a constant was determined under compression of 

400 g/20 mm (20 g/unit). An external dural pressure of 600 gm was applied. 

Reflectance spectrophotometric analysis 

A tissue spectrometer 'TS-200' (Sumitomo Electric Industries Co. Ltd, Japan) 

was used. A fibre probe was attached to the surface of the dura mater, enabling 

the level of haemoglobin and the extent of oxygen saturation to be determined 

non-invasive1y and rapidly (Fig. 1). 

The probe containing a fibre-optic bundle was attached to tissues to irradiate 

white light and analyse the absorption spectrum of tissues according to the 

reflected light. This computer-assisted method provided the time course and 

quantitatively based imaging of changes in pigments in tissues in the form of 

a continous spectrum. The difference in logarithm between the reflected spec· 

trum for the standard white plate and that for the subject was calculated as the 

absorption spectrum. 

Accordingly the extent of oxygen saturation (SOz) of haemoglobin changes 

from oxidation to reduction and from reduction to oxidation, and shows changes 

in the spectrum at 569-586 nm. 
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Table Measurements of oxygen saturation and haemoglobin concentration in the dura sac in the 

open decompressed state and after external dural pressure was applied. 

Open After external 

decompressed state pressure was applied 

Oxygen saturation (IS02) No. 1 39.9 ± 2.0 44.6 ± 1 .4 
No. 2 44.0 ± 1 .5 43.4 ± 3.6 
No. 3 36.8 ± 1 .4 33.8 ± 2.7 

No. 4 34.3 ± 1 .3 42.0 ± 9.8 

No. 5 27.9 ± 1 .6 33.6 ± 2.8 

Haemoglobin concentration (IHb) No. 1 1 77.8 ± 3.4 94.6 ± 2.4 

No . 2 1 56.6 ± 5.0 57.4 ± 8.9 

No. 3 1 63.8 ± 2.7 62.3 ± 3.5 

No. 4 1 37.4 ± 3.3 99.5 ± 8.2 

No. 5 77.3 ± 3.1 42.5 ± 1 .0 

A value is calculated to reflect absorption wavelength. The index of Hb (IHb) 

changes in the range from 0 to 200, the index of S02 (IS02) from 0 to 100. 

(The value correlating to P02 in the arterial blood is approximately equal to 

IS02 x 1.333.) A positive correlation between IHb and the actual haemoglobin 

concentration was experimentally confirmed, with a positive correlation be

tween IS02 and actual S02 in blood demonstrated. 

Results 

Determinations were made every one-half second, and the mean value for 10 

seconds was calculated (Table). In the open decompressed state, S02 values 

were 40,44,37,34 and 28 from animals No. I-No. 5, respectively and haemo

globin concentrations were 178, 156, 164, 137 and 77, respectively. After ex

ternal moderate dural pressure was applied, S02 values were 45, 28, 34, 60 and 

34, respectively. However, the haemoglobin concentration was 95, 39, 62, 120 

and 44, respectively. That is, S02 values showed no remarkable change, but 

haemoglobin concentration values had a tendency to decrease after external 

dural pressure was applied. (Fig. 2, Fig. 3). 

Microscopic observations 

At 3 days, 1 animal was sacrificed and the dural sac was investigated at the 

pressure site. In cross section, neuronal and vascular structures had become 

necrotic. The resulting haemorrhagic effect occurred in the grey matter distal 

from the pressure point and was accompanied by enlargement of the myelin 

sheath in the white matter. 

At 7 days, subdural granulation tissue was noted, the grey matter had 

necrosed, and many foam cells were seen. In the peripheral nerve cells, chrom

atolysis and atrophy as degenerative changes were noted. 

Discussion 

Measurements of circulation in the spinal cord has been studied by P02 

determination, autoradiography, microangiography, radioisotope, hydrogen 
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Figure 2 No. 3 ;  Comparison of reflectance spectra pattern G) in the open decompressed 

state, G) after external dural pressure was applied. 

clearance method and heat clearance, etc. Among these techniques, all of which 

have their own characteristics, the hydrogen clearance technique and the heat 

clearance technique have recently been highlighted. However, determination of 

blood flow changes in the inner tissue is difficult with both of these techniques 

because differentation of the white matter of the spinal cord from the grey 

matter is impossible. However, the tissue reflectance spectrum technique is 

characterised by its ability to determine minute changes in blood flow and the 

degree of oxidation and reduction. Therefore, analysis with this technique helps 

to clarify spinal haemodynamics. 

Wagner et at., (1971) reported that the blood vessels in the grey matter are 

more susceptible to damage from changes in spinal blood flow than are those in 

the white matter, and that increasing damage results in a reduction of blood 

flow. Senter and Venes (1979) found that the blood flow begins to decrease 

about 1 hour after injury because ischaemia is caused by injury-induced oedema, 

metabolic function and autoregulation. 

Suzuki (1985) experimented by compressing the rabbit spinal cord, and found 

that the blood flow was increased for 1 hour, but decreased 6 hours after com

pression. 

According to Ducker et at., (1981), and Wagner et at., (1971) circulatory 

disturbances, ischaemia and hypoxia occurred as a result of rupture of the vas

cular system accompanying injury, causing the degeneration of neurons. 

In the present study, laminectomy was undertaken in dogs under general 

anaesthesia, and the tissue spectrum was determined without compression and 

then with compression gradually added extradurally. The 5 dogs showed 

changes in S02 from 28 to 44 before compression, and 28 to 45 after com

pression, however, the Hb concentration index was from 77 to 178 before com

pression, and from 44 to 120 after compression. 
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Figure 3 No. 5; Oxy�n saturation and haemoglobin concentration G) in the)1pen 
decompressed state, \6J after an external 200 gm dural pressure was applied, \ZJ after 

an external 600 gm dural pressure was appli� G) 15 minutes after pressure was applied, 
G) 30 minutes after pressure was applied, W 1 week after pressure was applied; 

proximal from pressure level, (j) 1 week after pressure was applied; distal from pressure 
level. 

In the clinical study, most cases of spinal canal stenosis and spondylolis

thesis showed only slight changes in S02 before and after compression; while 

they showed low haemoglobin concentration under compression, suggesting 

ischaemia. 

Thus in both experimental and clinical studies, the haemoglobin concentra

tion decreased at the peripheral site under compression, whereas S02 showed 

no marked changes regardless of compression. 

Even if S02' which indicates the correlation between oxyHb and desoxyHb, 

does not change, local oxygen consumption varies with haemoglobin level. The 

phenomenon that S02 was approximately constant before and after compression 

raises the following points for further study: why are the oxyHb and desoxyHb 

levels, being maintained approximately constant, because of general anaesthesia 

or other factors? 

Conclusions 

Haemoglobin concentration and oxygen saturation were determined in the dura 
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mater in the open decompressed state and after external dural pressure was 

applied in dogs using a tissue spectrometer. 

It has been confirmed that oxygen saturation was not changed in either state, 

however, haemoglobin concentration was decreased when external pressure was 

applied. 
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