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Peripheral Nerve under Ischemic Conditions
—Measurement of Blood Flow by Laser Doppler

Method
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Fig.1. Block diagram of measurement of the laser doppler method. LPE,
Low-pass filter ; BPF, Band-pass filter; RMS, Root mean square.
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Fig. 2. Schema of the lasser probe.
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Fig.3. Experiment for studying the sample
volume in the peripheral nerve tissue using
the laser doppler method. When the distance
of prodes were changed by 0.1mm, the
reflected laser power was recorded.
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Fig.4. Schema of measurement of NBF and
sciatic NEP. 1, Respirator; 2, Intravenous
infusion; 3, Blood pressure montoring; 4, NBF
measurement by Laser doppler method,
hydrogen washout technique and thermal
diffusion method; 5, Epidural electrode for
stimulation ; 6, recording electrode for sciatic
NEP; 7, reference electrode for sciatic NEP.



iy

992

RE (R2) OMFAEEMICEELL. JOM, Kif
IR OBEERE D -, REHBHEAENL (nerve
evoked potential, NEP) 2#lEd 24 &Lz, ¥
Tbb, L4 fEEv _RVICBALRERESN Y T - T v

&

TR UPG-100-2P (2 =—2 25 4 # A%k, HE) T
AL 7. AT 2 — VAEEE MS-6 OE
FhlgsEE NT6 (Medelec #:, Surrey) ZRw/:.
Rz 0.2ms BEOEBE AV, RIBBRER 50

Obstruction
—_— Sciatic n.

Deep circumflex R
il 1
iac a. Sup. gluteal a.

Ext. iliac a. Inf. gluteal a
Med. circumflex femoral a. —— Sciatic n.

Femoral a.
— R:2
Sural n.

Peroneal n.

Popliteal a.

A

Fig. 5.

Tibial n.

A

B

A : Diagram of arterial blood supply of the sciatic nerve, in which sites

of blockage are indicated. B: R1, R2, R3 indicate the recorded sites of nerve

blood flow measurement.
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Fig. 6. Correlation between the reflected laser power and the distance of

probes.
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Fig. 7. Relationship of local blood flow betwe-
en the laser doppler method and hygrogen
washout technique. A high correlation was
observed. Regression equation, Y=1.85+3.21
X ; correlation coefficient. ¥ =0.955 (p<
0.01).
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Fig.8. Change in blood flow in sciatic nerve
(R2). Top, thermal diffusion method. Bottom,
laser doppler measurement. Ischemia was
made in the area shown by obstruction of the
abdominal aorta.
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Fig.9. Relationship between NBF measured by
laser doppler methld and mean arterial
pressure.

Regression equation, Y=0.533X —0.664 ;
Correlation coefficient, r=0.805 (p<0.01).
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Effect of hypoxia on blood flow in the sciatic nerve.

Mean arterial pressure

Nerve blood flow

pre during rate pre during rate
n (mmHg) (%) (arbitrary unit) (%)
1 88 101 116 19 28 147
2 100 118 118 24 39 163
3 103 116 115 37 57 154
4 101 115 114 54 65 120
5 97 112 115 47 66 140
6 94 112 123 4T 83 134
7 98 117 119 41 52 127
8 98 118 120 44 70 159
9 a7 120 124 66 80 121

974 114+5* 118%4 43+14 58+16* 141+16

*  p<0.05 by paired t-test

(Arbitrary units)
s 3

I3
=)

IS
=)

Nerve blood flow

[
=]

(mnHg)
125

100

Blood pressure

75

Fig.10. Effect of hypoxia on NBF and mean arterial blood pressure.

>

Hypoxia

~ was caused by breathing 10% O, for 10min.
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7% 549+ 3mmHg (n=4) L EEETFTL
(p<0.05). Hypoxia OB4 & £ EXEREIT 97
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AL (p<0.05), W52 TEIFZ—FEDM@ICEL .
RIMFEIIMED ERIT - bie> T43+140 5 58+
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ia BRI EWEIREDET & £z wR MR iz &
BUZ{ET L, Hypoxia fIQMEICR 7. Z00, F
BEIIRIE & R M EOBINRIE Zh2h 18+ 4 %,
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(R2) Ti325.2+£7.3550.5+1.0ml/min/100ml, &
BMREA (R3) Ti318.2+3.05 5 0 ml/min/100
ml (n=4¢) LHFEZELL: (p<0.05) (E2).

KIZV == R v 75—k T, B—Homimo
ZEEBEL . —BlERT. R Tid kbR BRI N
T20%IET, SI&MEBAREIREERL, 93%ETL
7z. R2 TR KIREIIGEN T35%, & 5B ABIRE
BILI6RIET L7, R3 TRAREIIREN ©85%, I
REWRER %BMNT 2 L0%ET LR (F11). 2h
OSOFERLD Rl L RROMTCHHEBEENRLZ 5 L&
Zohiz. L&D, oMo B8 s BT men

Table2. Nerve blood flow in different segment of sciatic and
tibial nerve measured by hydrogen washout technique

(ml/min/100ml)

Aorta and femoral

Normal artery block
n=4 n= 3
Proximal sciatic nerve (R1) 26.943.3 5.9+5.3*
Mid-sciatic nerve (R2) 25.247.3 0.5+1.0*%
Proximal tibial nerve (R3) 18.2+3.0 0 *

Each value represents, mean + S. D. *, p<0.05 by paired t-test.
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Fig. 12. Typical wave form of NEP.

OBEEWICERENENED 2 2BAT, HYE
HEix 85.5+3.5m/s (n=12) TH-7 (H12). fEkx

Bhik = KARENIR O [RBFIENT T, 9 B 6 iz NEP s
WL, LB 2RT . EENIC & D IR ER Ao

7% A, 1543k NEP o BFEE{d A » -
7z, 200 X DIRBIXBETL, B€7av 7 ko
fz. L US54MEL D NEP g2 wRmIEL 2. Mk
L7033 12% £ TEIEL T (K13). 3flT
X NEP »¥E&Lihoi.

HBEO R2 OREOEALZMAERATO®EM % 0>
FPo—n e L T/—t > PRRL . MERENEL
S ECRHBBCRHTYNEEZEER DL, o7, 155
Wi DRI 37.5£30.0% (n=7) WA LCHE, N
(+) BroMIcEEEZ+R D7z (p<0.05). DI

Table 3. Chenges in the amplitude of the sciatic nerve evoked

potentials in four groups.

Amplitude (%) of control value

C N (P N (- D
min n=4 n=3 n=26 n=7
5 102.9£2.2 111.4+18.5 98.24+25.2 100.1£14.7
10 100.6t1.6 113.4+20.5 74.7£36.0 95.1x£27.7
15 100.3%1.5 101.24+ 3.7 44,1£42.0 37.5£30.0
20 101.7£6.0 102.9£ 3.7 20.3%26.5 3.2+ 9.3
25 101.4=£86.7 103.5+ 3.1 13.6+21.0 0
30 101.3%6.2 102.5£ 6.0 3.8+ 6.4 0
35 101.0£7.0 104.24+ 3.4’ 3.7+ 9.0 0
40 101.1+6.9 104.1x 3.8 7.8%£15.6 0
45 102.9+£7.1 104.0+ 5.4 13.3+16.5 0
50 103.147.3 105.6% 3.6 16.8£18.0 0
55 103.3£7.7 105.9+ 3.3 37.0£20.0 0
60 102.0£9.0 106.0x 3.8 44.5+24.0 0

Each value represents mean+S.D. C, group that was not manipulat-
ed. N (+), group whose conduction was maintained after obstruction
of abdominal aorta and femoral artery. N (—), group whose
conduction was blocked. D, group that was dead.

Multiple comparison of means

mn C&N(H) C&N(-) C&D N(+)&N(-) N(H&D N(-)&D
5

1o NS NS NS NS

15

! NS * * * * NS
50

55

o * * * * *

%, p<0.05 by ANOVA followed by Duncan’s multiple comparison with each other
.at the same time.
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Fig.13. Recording of sciatia NEP and NBF
(R2) after obstructing abdominal aorta and
femoral artery.

Amplitude

504

0 10 20 30 40 50 60 min

Fig.14. Changes in the amplitude of sciatic
NEP: O-O, C group; A-a, N (+) group ;
®-® N (—-) group; x-x, D group. Group C,
N (+), N (=), D refer to Table 3.

Table 4. Chenges in the sciatic nerve blood flow
in three groups

Blood flow (%) of control value

C N (+ N (=)

min n=4 n=3 n=6
5 110.5+ 2.1 15.8% 3.5 6.4%6.0
10 108.5+11.9 16.7+ 6.1 8.1+4.5
15 112.5+23.4 22.5+ 2.0 7.7+£4.5
20 106.5+23.6 26.8%t 2.5 6.9+4.4
25 109.3+34.0 30.1%12.0 6.8+3.8
30 99.9%30.0 30.1%16.0 8.1+2.3
35 105.4+32.0 36.9%11.6 9.3+5.6
40 104.3+34.0 36.0t14.4 9.5+5.8
45 105.7+28.7 38.1+12.8 11.7£7.3
50 103.4%+28.9 44.6+23.9 10.4%6.7
35 99.6%23.1 44.7+£23.6 12.0£7.4
60 102.2£23.5 58.6+46.6 12.7+8.8

Each value represents mean=S.D. Group C, N(+),
N(—) refer to Table 3.

Multiple comparison of means

min  C& N(+) C&N(-)  N(+)&N(-)
5

{ * * NS

55

60 NS * NS

%, p<0.05 by ANOVA followed by Duncan's
multiple comparison with each other at same
time.

clamp

w| b

100
1 3
g
o I
o
o
g 5
£
: |

0 10 20 0 40 50 60 (min)

Fig. 15. Changes in the NBF: O-O, C group:
A-4, N (+); @@, N (-); x-X, D group.
Group C, N (+), N (=) refer to Table 3.
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Abstract

The reliability of the laser doppler method to measure the local blood flow of
peripheral nerve was evaluated in this study. The canine sciatic nerve were employed as
test specimens. There was a positive high correlation (r = 0.977, p < 0.01) between the
values obtained by the laser doppler method and the hydrogen gas clearance method.
Also, the results of continuous blood flow measurement by this method agreed well with
those of the thermal diffusion method. The laser doppler method showed the following
advantages. 1) Continuous monitoring is possible. 2) Measurement in small tissue is
possible. 3) The results are little influenced by environmental changes 4) The calibration
to absolute values is easy. Utilizing the laser doppler method, the local blood flow of
canine sciatic nerve was continuously monitored and the influence of the factors which
cause ischemia in the peripheral nerves was evaluated. Hypotension and hypoxia were
studied as systemic factors and the obstruction of major vessels was evaluated as a local
factor. Under hypotension, there was a linear correlation between the mean arterial
pressure (X) and the neural blood flow (Y): Y = 0.533X—0.664, r = 0.805 (p < 0.01).
Under hypoxia, the mean arteria pressure increased by 18+4% and the neural blood flow
increased significantly by 41+18% (p < 0.01). The kinetics of both parameters closely
paralleled, suggesting that the increase in neural blood flow was mainiy attributable to the
rise in the blood pressure. With the obstruction of the abdominal aorta and the femoral
artery, the correlation of neural ischemia and neural function was estimated. Conduction
disturbance of the nerve evoked potentials (NEP) was observed in the mid-portion of the
sciatic nerve in six out of nine specimens. In the group of diminished NEP, the neural
blood flow was 7.7£4.5% of control after fifteen minutes of ischemia, while in the group
in which the NEP had not diminished, the blood flow was 22.54+2.0% at fifteen inutes.
These results suggest that the critical point of neural blood flow causing the peripheral
nerve dysfunction is somewhrer between 7% and 20%.




