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Various Factors Influencing Thoracic Duct Lymph Flow in the Dogs

Ki Whan Kim, M.D. and Yung E Earm, M.D.

Department of Physiolegy, College of Medicine, Seoul National University

Various factors influencing the lymph flow from thoracic duct were investigated in an
attempt to evaluate their contributing degree and the mechanisms. Sixteen mongrel dogs
weighing between 10 and 16 kg were anesthetized and polyethylene catheters were inserted
into the thoracic duct and femoral veins. Arterial blood pressure, heart rate, central venous
pressure, lymph pressure and lymph flow were measured under various conditions. Electrical
stimulation of left sciatic nerve, stepwise increase of central venous pressure, manual
application of rhythmical depressions onto abdomen, injection of hypertonic saline solution
and histamine infusion were employed. Measurement of cental venous pressure was performed
through the recording catheter inserted into abdominal inferior vena cava. Changes in
central venous pressure were made by an air-ballooning catheter. located higher than the tip
of the rebording catheter in the inferior vena cava. Lymph flow from thoracic duct was
measured directly with a graduated centrifuge tube allowing the lymph to flow freely outward
through the inserted cannula.

The average side pressure of thoracic lymph was 1.1 emH;0 and lymph flow was 0, 40 ml/
min or 1,9 ml/kg-hr. Hemodynamic parameters including lymph flow were measured
jmmediately before and after (or during) applying a condition.

Stimulation of left sciatic nerve with a square wave (5/sec, 2 msec, 10V) caused the lymph
flow to increase 1.4 times.

The pattern of lymph flow from thoracic duct was not continuous throughout the respiratory
cycle, but was continuous only during inspiration. Slow and deep respiration appeared to
increase the lymph flow than a rapid and shallow respiration.

Relationship between central venous pressure and the lymph flow revealed a relatively
direct proportionality; Regression equation was Lymph Flow (ml/kg-hr)=0. 09 CVP{cmH,0)
+0. 55, r=0.67.

Manual depressions onto the abdomen in accordance with the respiratory cycle caused the
lymph flow to increase most remarkably, e.g., 5.5 times. The application of manual depressions
:showed a fluctuation of central venous pressure superimposed on the respiratory fluctuation.

Hypertonic saline solution (2% NaCl) administered intravenocusly by the amount of 10 ml/
kg increased the lymph flow 4.6 times. The injection also increased arterial blood pressure,

especially systolic pressure, and the central venous pressure.
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Slow intravenous infusion of histamine with a rate of 14-32 pg/min resulted in a remar-

kable increase in the lymph flow (4.7 times), in spite of much decrease in the blood pressure

and a slight decrease in the central venous pressure.
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Table 1. Normal hemodynamic data, including those of lymph, in experimental dogs

Animal  Weight B.P. HR. C.V.P. Lymph Flow(Q.) Lymph Pr.
No. Ckg) (mmHg) (bt/min) (ecmH,0) (ml/min) (ml/kg-hr)  (emHQD
D1 12.0 150/100 156 3.5 - - -
D2 11.5 136/100. 156 6.4 — — -
D3 12.0 160/110 168 7.3 — - -
D 4 13.2 185/140 162 6.7 0.50 2.3 1.5
D5 15.0 110/ 85 144 9.3 0. 36 1.4 1.2
D6 12.6 115/ 70 204 6.2 0.80 3.8 2.0
D7 16.2 115/ 90 186 6.3 0. 40 1.5 0.7
D8 12.6 125/ 90 174 7.8 0. 65 3.1 1.4
D9 10.2 155/100 228 5.5 0. 06 0.4 1.3
D10 14.4 145/125 216 7.0 0.33 1.4 0.5
DIl 11.4 155/125 204 8.2 0. 08 0.4 0.4
D12 12.0 130/100 150 5.0 0.30 L5 1.3
D13 10.8 130/ 95 144 7.0 0.75 4.1 1.3
D14 11.1 145/115 126 4.5 0.29 1.6 1.0
D15 1.7 155/115 168 3.3 0.13 0.7 0.3
D16 1.7 160/125 210 5.2 0. 60 3.1 1.6

Mean 12.4 142/105 175 6.2 0. 40 1.9 1.1

(Range) (10.2 (110~183/ (126 (3.3 (0.06 .4 .3

~16.2) 70~140) ~228) ~9.3) ~0.80) ~4.1) ~2.0)

Table 2. Changes in hemodynamic parameters, especially lymph flow rate, after electrical stimulation

of a sciatic nerve

Before Stimulation

Exp. After Stimulation Ratio, After/Befcre
No - Mode of .
’ B.P. HR. C.V.P. QL B.P. HR. C.V.P. QL B.P. HR. C.V.P QL
(mm (bt./ (cm (ml/ Stim. (mm (bt./ (cm (ml/
Hg) min) H,0) kg-hr) Hg) min) H,0) kg-hr)
D4} 60/25 126 5.5 2.7 5/sec 70/25 126 5.8 4.6 1.8 1.00 1.05 L.70
D 2 msec, 10V )
10/sec - - 58 2.4 — — 105 1.26
2 msec, 10V
D5 | 100/70 132 8.2 1.5 5/sec 60/35(43) 132 7.2 2.0 0.54 1.00 0.8 1.33
(80 2 msec, 10V ‘
10/sec  |65/35(45) 138 8.0 3.0 0.56 1.05 0.98 2.00
2 msec, 10V
25/sec  |75/40(52) 132 8.5 1.5 0.65 1.00 1.04 1.00
2 msec, 10V
D6 | 100,65 204 6.2 2.4 5/sec 95/70(78) 216 6.5 2.9 1.01 1.06 1.05 lL.21
an 2 msec, 10V
10/sec  |90/65(73) 204 55 1.1 0.95 1.00 0.89 0.46
2 msec, 10V
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Table 3. Changes in hemodynamic parameters, especially lymph flow rate, at the various modes of

respiration
Exp. No. *Mode of B.P. HR. C.V.P. Lymph Flow Lymph Pr.
Resp. (mmHg) (bt./min) (emH;0) (ml/kg-hr) (cmH;0)
D3 200/20 160/110 168 6.7 4.6 2.4
200/30 90/50 — 7.0 2.4 3.5
200/17 — — 5.7 3.3 3.4
50/17 — — 7.2 1.9 3.4
50/28 115/85 138 7.7 3.7 3.4
D4 100/25 75/30 132 5.7 3.7 L0
200/25 = — 4.8 3.1 1.0
200/15 95/45 132 6.2 2.3 1.0
100/15 — —_ 6.6 3.3 1.1
D5 200/10 — — 10.5 1.9 1.0
50/10 70/35 135 9.5 1.8 1.4
50/20 60/30 132 8.8 0.9 1.4
200/20 70/30 138 8.5 2.5 1.4
D6 100/15 93/65 204 5.7 2.2 1.9
100/25 — — 5.8 1.7 2.0
200/15 — — 5.5 2.4 2.0
200/25 75/55 192 5.5 1.4 2.0
D8 - 100/25 — — 6.8 L1 -
100/15 95/55 192 7.4 1.3 -
200/25 85/45 204 6.3 1.3 —
200/15 85/45 192 8.0 1.1 —
D9 100/15 90/60 174 4,2 0.5 1.5
100/25 75/40 174 4.2 0.4 1.5
200/15 80/45 174 4.0 0.5 1.5
200/25 70/30 180 4.5 0.2 1.5

*Mode of respiration was indicated by tidal volume (ml)/resp. frequency (/min).
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Table 4. Changes in hemodynamic parameters, ircluding lymph flew rate, at the various levels of

*C.V.P.
Exp. No. C.V.P. B.P. - HR. Lymph Flow Lymph Pressure
(emH;0) (mmHg) (bt. /min) (ml/kg-hr) (emH0)
D3 7.7 115/85 (95) 128 L5 314
17.0 83/55 (65) 102 3.1 3.2
D4 8.5 130/85 (100D 144 2.0 1.5
18.5 105/65 (78) 120 2.5 1.5
D5 9.0 105/90 (93 144 0.6 1.4
15.7 100/75 (83) 132 1.5 1.4
21.3 90/65 (7 120 1.6 1.3
23.5 80/55 (63) 132 2.3 1.3
D6 6.0 90/65 (73D 186 1.7 2.2
14.0 80/55 (63) 204 2, 2.2
D7 6.5 95/75 (81D 180 0.6 .2
8.5 90/65 (73 192 1.3 0.2
D9 5.4 115/80 (92> 204 0. 1.4
13.0 75/55 (61D 192 L. 1.4
24.0 60/40 (46D 198 3. 1.4
*C.V.P.; central venous pressure
dgieh. oAT APAL A 4LUE D64 * 4A Sl L7ml/kghr 2 gasigeh dEEY 200
vt gdel, 455 100ml ol 2% ¥l =5} 15/min ml el Aol E ZEUE 15/min ol A= 2.4 ml/kg-hr
ol 7A%dle 2.2ml/kg-hro]gl ok 25/min 3 whg olgi ot 25/min 2 5® 7%l l.4ml/kg-hr =
A R
+20.69 FAYHG(C.V.POE o8 =272 w4l 3%
o—0: C.V.P, vs aL fY=o.o9x +0.55 ok, muls olglol ul ols} §-EE T WA oFAbg-
X"=XiCV.PLvs BR{ITT0ET aes {110 A4zt A 25l BASEH. A NG T A
St 100y  dE YPAo U5 HELEE Frheglod §
so} S| X 90 & Fohe dojzich o]AL omtE FAIAWY FF
s 5ot RS leo 3 EE Bl HHE Eoly mEF b ok Hof
£ a0l oo T Do Lo E gAsee Ay el B 4% AUGL 4
el T w3 FASd AFomd B ARTel A A
g 2'0 . . L F ok shshAe Aoz AAme
g - . T FARAL(VD Q5 FEFSTOOR A
5o e . T 1% r=0.69019lm 7 WAL Y=0.09X+0.550]5
) 5 T 5 0 5° L E SAAAG(DF 98 GO AAA 5
C.V.P., Cm Hg0 7t r=—0.67 24 9 AFg3AE Jepl g ¥ -
. SN = &3
Fig. 2. Changes in thoracic duct lymph flow and AAEY 1. 57X +96.8 I 1.
blood pressure at the various levels of R AR A g, A, F4ARMe 8
central venous pressure. dat FEEE Wl YL A5 R TANGY =
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Table 5. Changes in C.V.P. and Iymph flow rate during manual application of rhythmical depressions

onto abdomen

Before Application

During Applicaticn

Ratio, During/Befdre

Exp. X - .
B.P. HR. CV.P. Q. B.P. HR. CV.P. Q. B.P. HR. CV.P. Q.
No. (mm (bt./ (cm (ml/ (mm  (bt./ (em (ml/
Hg) min) H,0) kg-br)| Hg) min) H,0) kg-hr)
D2 136/108 132 6.0 2.5 | 134/102 132 9.2 28.2 0.97 1.00 1.53 11.28
ain 13
D4 90/45 138 6.7 2.5 90/45 132 8.0 9.1 1.00 0.96 1,19 3.64
(60D (60D
D5 95/65 132 7.8 2.8 | 100/70 144 12.5 22.8 1.07 1.9 1.60 8.15
(750 €))
D6 90/65 192 5.7 1.7 | 95/65 216  10.0 4.7 1.03 1.12 1.7 2.76
(73 (75) '
D7 75/40 162 5.7 1.7 | 90/55 168 7.0 9.2 1.29 1.04 1.23 5.40
_ (52) 67
D8 95/65 162 6.4 1.0 95/65 168 3.4 3.4 1.00 1.04 1.72 3.40
(75) (75)
D9 90/60 174 4.2 0.5 | 80/50 174 10.0 1.9 0. 86 1.00 2.38 3.80
am (60D
Mean 1.03 1.03 1.62 5.49

Table 6. Hemodynamic alterations after intravenous injection of 2%

......................................................

(Range)(0. 86

0.96 (1.19
~1.29) ~1.12) ~2.38) ~I1L 28)

NaCl (10 ml/kg)

B Before Injection After Injection Ratio. After/éefore
xD.
BP. HR CV.P. Qo B.P. HR CV.P. Q. B.P. HR. C.V.P. QL
No. (mm  (bt./ (cm (ml/ (mm (bt./ (cm (ml/
Hg) min) H,0) kg-hr) Hg) min) Hy0) kg-hr)
D4 75/25 132 5.8 5.0 | 115/45 108 6.7 10.9 1.62 0.82 1.15 2,18
(42> (68>
D5 35/0 120 8.3 0.3 | 75/25 114 11.5 3.5 3.50 0.95 1.39 11.67
a2 42
D6 55/15 174 7.3 0.5| 70/15 150 7.0 4.3 1.18 0. 86 0.96 8.60
28 33
D7 50/15 192 5.7 1.7 | 50/20 186 6.0 2.6 111 0.97 1.05 1.53
@n 30
D8 55/20 174 7.3 0.5] 100/40 174 8.7 2.9 1.87 1.00 1.19 5. 80
32 (60)
D9 | 105/65 180 4.5 0.8 145/8) 180 4.5 1.9 1.31 1.00 1.00 2.38
(78 (102)
Di3 80/50 144 4.8 1.3 | 90/55 120 4.8 4.3 1.11 0.84 1.00 3.3L
(60D 67D
Dl4 110/95 95 2.4 1.4 | 125/100 96 3.3 2.2 1.08 1.01 1.37 1.57
(100> es
Mean 1.60 0.93 1.13 4.63
(Range) (1.08 (0.8 0.96_ (1.53
~3. 507~1 Ol)~1 39)~11. 67D
Fe%0 9E $3 9422 95 $EEEdE ¥ gded FUANLE 2% SAUAD 9% 454
wig $7hE ngdvh weksh WudlE ® dsh R 55Mu FAT 3% ngn
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Table 7. Hemodynamic alterations after the infusion of histamine
£ Before Infusion After Infusion Ratio, After/Before
Xp. - : — -
B.P. HR CV.P. Q. B.P. HR CV.P. Q. B.P. "HR CV.P Q.
No. (mm (bt./ (cm (ml/ (mm  (bt./ (cm (ml/
Hg) min) H,0) kg-hr)] Hg) min) H;0) kg-hr)
D10 | 145/125 216 7.0 1.4 | 80/45 192 57 40 | 0.43 0.8 0.8 286
(132 (57
D11 |155/125 204 8.2 0.4 | 75/50 180 7.0 5.3 | 0.43 0.88 0.85 13.22
(135) (58
DIi2 |130/100 150 5.0 1.5 | 8/60 130 48 2.7 | 0.62 0.87  0.96 1.80
(€3] (68) _
DI5 |155/110 168 3.3 0.7 |100/75 132 25 2.2 | 0.66 0.79 0.76 3.14
(125) (83
D16 | 160/125 210 5.2 3.1 | 95/65 156 7.8 80 | 0.55 0.74 150 2.58
asn @5
Mean 0.54  0.83 0.97 4.72
(Range)(0.43  (0.74  (0.76_ (1.80
~0.66) ~0.89)~ 1.500~13.22)
2% NaCl 9 FA59 w32 A 6 2] Vel gl =& 4.7} 57}54 aiv}. )
o BT T Le Sobstglen &8 Fx HFAR AT, F¥ A, 2% NaCl 3454 &
W4 Fot Hg A fs}ﬁv}. Wubds ok gast & sl %og o= Q& wek, A, AU
E FALT FAYAGL L1 Sohstgeh debg 2 9SS SR s g4 A2 s 27
F SEE T4 Aud 460 F49 Sobaig e fake} ol &S] 44 A 3= 23 ‘
AR FY AE WEE A7 Eel vhepiigleh, - ASHESEE AF 47 AFA 40, 2% NaCl
Eagqr, Hubs g FA Fuietl wE gasge AW ZA4, 69D, dlzElR FQ@ 7)), B4 st
W EA 49 B A AL Adsdn 24 NG Tes SANAS. FEARA A
A A ggeh adv dskbE & 39 2SS CIEE, 34 APIgedE 2 use

3 AEE 2

Goeh 2 a4

Aole A, Wil e 2

L 5.49
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o L
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4
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Fig. 3.

Changes in hemodynamic parameters in-
cluding lymph flow rate under various
conditions. Hemodynamic parameters meas-
ured are blood pressure, heart rate, central

venous pressure and lymph flow rate.

Mean Blood Pressure, mmHg

Fig. 4. Relationship between mean arterial. blood
pressure and thoracic duct lymph flow rate.
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Table 8, Changes in hemodynamic parameters at the various levels of mean arterial blood pressures

Exp. No. Mean B.P. HR. C.V.P. Lymph Pressure Lymph Flow
(mmHg) (bt./min) (emH;0) (cmH,0) (ml/kg-hr)
D5 100 144 8.5 1.3 2.4
83 132 1.3 2.0
60 138 8.1 1.4 1.4
46 144 8.2 1.7 2.5
D6 85 204 6.2 2.0 3.8
75 192 6.2 2.1 3.6
73 192 4.8 2.3 2.4
57 204 6.5 1.9 1.6
52 192 6.0 2.0 2.9
D8 102 174 7.8 1.4 3.1
87 162 7.7 1.2 2.4
85 162 7.8 1.2 1.7
80 174 7.2 0 1.7
75 162 6.4 1.0 1.0
62 216 9.5 — 1.0
58 192 8.0 0.1 1.1
D13 107 144 7.0 1.3 4.1
87 140 7.0 1.2 4.4
73 120 6.0 1.0 2.9
60 120 4.8 1.0 1.3
D14 125 126 4.5 1.0 .6
‘113 118 4.0 .1 1.6
107 108 3.2 1.1 .
100 95 2.4 1.1 1.4

Wb 9T sk $4 Aok o] el Hyl  Ese AdASE T _ &
o}, 2% NaCl ZAA o= 7 €k 8 FAAWde] A WA & F F4Le Sopil =k 43t F
Zrsg o Wubds ok Zaste A¢E wdth  F SE4 AY S

3 &etul Flol A= ok, Wb AGd FE A
S o) FAg el g2 & wssh vt V. & &
=] erskel.

e £ BT FHAGAAY A, TA A A1 Ed Yt 16224 Asellius 7} & =<l A9 F
ook, dsiol & lsHrF S5 E Al 8 el el glEh 7hakel A $u) h(lacteals) S WA AL A2 2 Jean
Az F FHEGe A¥AF IHFAA vy Pecquet 7} 16511 cisterna chyli 8} throacic duct &
F7HFAE AR dekdlde g AdHY £ Fo 712319 7. Bartholin(1651)3+ Rudbeck(1653)¢] #+7]
2 Az 7331} | el AA A "Eeke AL B 9 slat(lymphatics)ol 2l B0l & 322 AH&sld v

Stgieh o19A el veb ode} 42 BgE A L F Ush ¥ Ashlel Y ATE €A vk
o AT FHEYS USE & ol wskd AA¥A HET. ol AmAs Pz



54 =718 9 1911 Rl G F& dxd 23 AdH AF—

WYt oA YR = EhE
Azt AEQA WEelh 2 F rhaod 964
=R

L
w}ot(end pressure) o ® MFF 15emH0ztx 4o
=] Rouviere (193702 F3 F9h& 6.4cemi:0 o]
Q3 ole) WAAY o 2.4 cmH0 24 st
o FadA A 2 5 de 4E A4t de
i Fgdeh, Webb 5-(1953)¢ =h& g A4 A
2z 919 3 Eore 3.5~5.5cmH0zkn ®3at
gt} Folkow(1971DF- 2x +H9 dst &2
3~5cmH,0 ol vk F3 & AL ool gtz &
b, % AP AE 1.1emH000.3~2.0 cmH,0) 2
A e ghg 2gch

A5t FEEEE F4 Aol A FaelAE 0.5~1.0

ml/min 24 1~21/day #Ztz 9. (Folkow and

A7), AA HE, dF R, #HF FE 8 AR
st wome o RE Yshd BE2E FRA
Aoz wrh. Yoffey(1956) & A, 2o, &
o
=

A, A, & A4 AT FE
3 =

o
T 2 0ml/kg-hr 24 ub
2 g mgeh £ A
.40ml/min & 1.9ml/kg-
hr 24 o)&¢ Ag44ds dAste g nylh

(Best and Taylor, 1973).
% $EAE 2131 FLHer §F4 FE
(exercise hyperaemia)e] ¢i=dl FA4 wol]l ®] st
A LEAd L 10~15809 9 7% Srh 20k
ol#l gt FAL A AAl FAE
Aqelehr] wehe FaAq 384 Wk L

A4
EERE LD E S E R ERE S
AR

¢

7w (Kiellmer, 1965). &% &£5.08 F434
o2t BASY AALEY F40]

e AR FEst SR olle] =3 A2W KF
FEAT S BAEE A AP g3 o
o7t} (Kjellmer, 1965; Mellander et al, 1967; Kwon
et al, 1975). &% Foll= F4 Al watq A Ao
2 Ti Anazel oA Hedl )R] Kt e
A F 3% 7314 71 o} (Skinner et al., 1967).
247 AFoz ok U5 45% e 44

% ¢354 FU= dsize] Erbuel
]

N-{m ML

% 2l A% 44
agd FA4 9ok 5ol Fom FR B FYA
o ww 3% 5ol ook sk 4HY Fask wgvh
29w whE SFESE 43 29 BFA4 9%
#3e] Zrk 9okie 939 F9 (modified vein)
o=A 79 gdel Wb A4l %tk aA=E
5% 502 3 uote] W, #d FAE
3

ol wlA Aol FA A FF A Lo
) 2=
_ [<]
[e]

5} 3F7+(“waterfall” phenomena)s¢] ¢zt §-5& F
4 A7 eb(Folkow et al., 1971; Ganong, 1973).

Aol Wshe] whebd 2R oA-EE FHAdHo
2 wsgd e ol A A5 ZAER Fo
2 g3po] nlA mARA o] Al Ao
t}(Landis and Gibbon, 1933). Z&l1} 54 44
=zt 9Essb gl 300 mmHg 7HR1 & =0 &
2 eh(Best and Taylor, 1973). Zld] Abghel]
Ax 23 oszaEy oee FU4FY &
5~01 0 cmH,0 &0+ Valsalva maneuver.Z £
A A= cle]l A£xtiglE iliac and femoral valves
W 2ol dF F4e dolvhx] v (Folkow et al,
1971D. '

5.3
2

i

<)
o

Ll 4
&l oo b o o
o L 2 g 3L

o

i
O
0

piy
%

T ARelAE $ 3 EEE ERERL
& geAzens wa 499 mAYR dHol oln
HEug ddFes 4esgeAE ¢ 4 god gt
45557 34 B wAAes FAse Ao
2 mol AU F/4E HALH 299 efspEel ]
24 Wddez 34 ¢+ A9

AT 2o G5 FEolE A5k £BL A% 4
344 4(lymph heart)e] gl E4-Folt ole % A
of g wesl AUelAsh o] dstAel o
Azt §50] o] RelAlsh B Ashol: AT A



R ATELEEE

WA 5L B F g oA F8 o] (species
differences)7} §lof ¥#], |, guinea pigd A= B 4
9o} Jreke], A, Ex, tEFHd A= WA= ok
gtk HETY 5 wiEE dsk g vHsa
dsba v ghE SHA7 5ol AlAs gl et (Mayer-

son, 1953; Ganong, 1973).

HR AR 2 st f5Fe] Fuks AL TFoR
Q% B2 Y A¥ 0l U AAE A% 344
A fE5E 240 23 g9t g4 FAss ¥R £
A AAAA) T4l g Aoz JA4x

sl el Al kA, ST W A A
23}l Aol As Pofo] FAH L AR A, &
FA4L Z7HA7H &5 5 239 E BAs de

Ak a8y 2 AMdAE o358 F5E 4o
(Goodman ‘et al, 1970). 3| ZE}al-2 & 7 A7 o
Ag5le] AT A F4E ZAEE SEL oA

(Koh et al., 1975; Ahn et al., 1975),

s2ebal FA4F Fol 2ARR FHANA A3k g
WA o] ZrlEE AL mAGR} £F N F
A4 79 &5 4, A 502 4T =AY
S Aok Age]l Fo Yalow g5l (Good
man et al, 1970; Haddy et al., 1972; Grega et al,
1972; Baker et al, 1974). Iy 3| &Ep=l B934l

A AR} AZAge] 2T dojAn F3| F2]3) 0]
o o] Held mARIY FFLL odw 2eal
t}E »3ux 9lci(Diana et al, 1970). Haddy(1972)

o] & A4 5 FL 40 pg histamine/min FE 2
SHd FAshd 5% oL Sl
dolvta sk 5l s A FEst Sobekg
o} 53] 40 pg/min 2 FAE e 24 29A FE
g A xR Frhetgeh Al s Addlz AN
E GFE AR ¢ 3pg/min FE2 FY4E A
$ol= dsh 5% A FEE Shegeh

B AN AE 14~32 ug/min X2 AW FAs)
geoermz ot 7, Wihg g4, 2t T4 A
e wEhA gan st FEEFEA 47 Fobs

;(—)] ] od— /l]—:’;

2 4o
ru}o }n

2244 £ (glucose, Na;SO4 or NaCl)g- A=
AL Fals % 24402 A543 A4S 8

Z7}5 v} (Best &Taylor,
10ml/kg =12 A FAs+y
o] Zo] A Aol HPd =F3r] A 4
Fo] ga B Fol oAl HEd 53 %3 A4k

o) slst A4 Akl 519 ot gz

1973). & 2% NaClTS_-

SER

A 94 A 1% 1975— 55
T A% 2tk Y9 FAEe T 4 o9
= gt Aol ek zemE 7, A, ol
A5k FAE 3 F37 A4S oA WA A
A wabe] ohiTh ¥4 B A5 9 AF 42 o)
el 1A F21 ANL T Ik A1+
=2 F2 95 $55E 3 A T4
99 % B NG 45T AL A g
Z7 2 Adoz 47
v.a g

E ofel e At
ekl A%
22 Agaqgr).
2, A4, 2
Heala AEekE Addgod AL

2
W20 mg/kg) & vt AR F

+ 2AYE

2 A sheelel] dAAT B
golAde HAR F33dn d3{F S2E £ F
o] A E3k centrifuge tube 9} stop watch 2 423
o AA A+

F4 29 ST 1.1emB0 (0.3~2. 0 cmH,0)¢]
T FA A JF 6.2ecmH;00jglon, 5 &

S+ 0.40 ml/min o] g 0] =13 =30
L9 ml/kg-hr 24 e 559 Fapalo) of

2 &= T
da =3 ZFAA -FE5Ee] SIS

T4 A l1° (X CmHzODJ"J- gt F-E&(Y, ml/kg-
hr)=}9] 4 9 A WAL Y=

0. 09X +0. 55¢] 044 i), %*n A (XD gt

CY mmHg)Ell-‘—‘- SAAT r=—0.6724 o Aaa

HA AL Y=—1.57X+96.8 o] gl c}.
5 siabAl 2 FA goke] 4
o]

&

TEEE 5.5 Hel A F
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