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Abstract 
Purpose. The purpose of this study was to confirm the 
changes in extra- and intravascular fluid distribution during an 
i.v. infusion of hyperoncotic Dextran solution. 
Methods. Twenty-three mongrel dogs with normal capillary 
integrities were divided into four groups. The R1 and R2 
groups received i.v. infusion of Ringer lactate (RL) with a rate 
of 10 and 30ml.kg-l.h 1, the D group 6% Dextran 70 solution 
(DEX) of 10ml.kg-l-h -1, and the RD group DEX of 10 plus 
RL of 20ml-kg 1.h-1. The distribution of infused fluid was 
assessed with the changes in circulating blood volume (CBV), 
extravascular fluid volume (EVW), and thoracic duct lymph 
volume (QL). 
Results. In the R1 and R2 groups, EVW increased by 63% 
and 51%, respectively, of total infusion volume (tInf), while 
CBV increased by only 10% and 13% of tInf. In the D and RD 
groups, CBV increased by 103% and 51% of tInf. However, 
EVW decreased by 21% and increased by 32% of tInf, respec- 
tively. In the latter groups, the plasma volume filtered out into 
the extravascular compartment was less than in the corre- 
sponding former group by 52% and 6% of tInf, respectively 
and the restoration ratio of EVW by lymph was about 3 to 1.8 
times greater. 
Conclusion. One-fourth to one-third of the plasma expand- 
ing effect of 6% Dextran 70 solution was ascribed to direct 
fluid drawing from the extravascular space, and the rest was 
due to both the decrease in plasma filtration into extravascular 
space and the increase in lymphatic restoration of EVW. 
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Introduction 

It  has been widely believed that the intravenous ad- 
ministration of hyperoncot ic  solution increases plasma 
volume by drawing fluid f rom the extravascular com- 
par tment  by colloid osmotic pressure difference and is 
beneficial for the resuscitation of hypovolemic shock 
[1-4]. However ,  the increase in plasma volume cannot 
be ascribed only to the direct reabsorpt ion of extravas- 
cular fluid on the capillary bed but also to the recircula- 
tion through lymph. 

The purpose of this study was to confirm the changes 
in extra- and intravascular fluid volumes during an i.v. 
infusion of hyperoncotic  Dex t ran  solution, and to ana- 
lyze the quantitative relationship between these two 
contributing factors. 

Materials and methods  

This study was approved by the Animal  Care and Use 
Commit tee  of the Aichi Medical University, and the 
care and handling of animals were per formed according 
to the guidelines of its animal center. 

The study was conducted with 23 mongrel  dogs 
weighing 10 to 15 kg each. They  were anesthetized and 
intubated with an i.v. injection of ke tamine hydrochlo- 
ride of 20mg.kg -1 and ventilated with oxygen-enriched 
air by a respirator  (Aika, R-60, Tokyo,  Japan).  The 
dogs were immobilized with intravenous pancuronium 
bromide.  The inspiratory oxygen concentration, respi- 
ra tory rate and end-expiratory CO2 concentration were 
adjusted to around the values of 50%, 12.min -z, and 
5%, respectively. A 10-F catheter  was inserted into the 
bladder  for the measurement  of urine volume. 

A 7-F balloon-t ipped catheter  was placed through the 
femoral  vein into the pulmonary  artery. Through one 
of the femoral  arteries, a 7-F pigtail catheter  (Cordis, 
Miami, FL, USA)  was introduced into the left atr ium 
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via the left  ven t r ic le  [5], and was used for the measu re -  

m e n t  of  lef t  atrial  pressure .  Via the  o ther  f emora l  

artery,  a ca the te r  wi th  a the rmis to r  p r o b e  at the  tip was 

p laced in the  descend ing  aor ta  for  the  m e a s u r e m e n t s  of 

the sys temic  ar ter ial  pressure ,  b lood  t e m p e r a t u r e ,  and 

cardiac output .  Card iac  ou tpu t  was d e t e r m i n e d  wi th  the 

t h e r m o d i l u t i o n  m e t h o d  by inject ing 5 m l  of  cold  saline 

into the left  a t r ium (Kimray ,  O k l a h o m a  City, OK,  U S A ;  

M o d e l  3500E Card iac  O u t p u t  Compu te r ) .  

A small  skin incis ion was m a d e  on the la teral  side of  

the left  ex te rna l  jugu la r  vein,  and the  thoracic  duct  was 

exposed  b e t w e e n  the  jugu la r  ve in  and carot id  artery.  

The  duct  was cannu la t ed  with  a 20-gauge tef lon need le  

in the caudal  di rect ion.  A n  ex tens ion  tube  was con- 

nec ted  to the  needle ,  and the he ight  of  its out f low end 

was fixed on  the leve l  of  card iac  atr ium. The  lymph  that  

d r o p p e d  f rom the  tube  end  was caught  in a small  s teri le 

cup and  was r e t u r n e d  into  the ve in  eve ry  15 min  af ter  

measu r ing  the vo lume.  T h e  lymph  v o l u m e  was calcu- 

la ted  by summing  the vo lumes  of  lymph  dur ing each  

m e a s u r i n g  interval .  The  p ro t e in  c o n c e n t r a t i o n  was de- 

t e r m i n e d  with the  p lasma and lymph  at the  final 15 rain 

of  the  measu r ing  interval .  To  avoid  the  coagu la t ion  of  

lymph,  a small  dose  of  hepa r in  (50 uni ts .kg -1) was g iven  

in t ravenous ly .  T h e  ampul la  of  the r ight  m a i n  lympha t ic  

duct  was l igated under  skin incision. 

T h e  dogs were  a l lowed to stabil ize for  60 min  u n d e r  

R i n g e r  lac ta te  (RL)  infusion of  10ml.kg-~.h -1 and at the 

end  of  this per iod ,  the  base l ine  m e a s u r e m e n t s  w e r e  

ca r r i ed  out. T h e  m e a s u r e m e n t s  cons is ted  of  b lood  tem-  

p e r a t u r e  in the  descend ing  aorta ,  card iac  ou tpu t  (CO) ,  

hea r t  ra te  ( H R ) ,  m e a n  ar ter ia l  and p u l m o n a r y  ar ter ia l  

Table 1. Changes in hemodynamic parameters and arterial oxygen tension 

Groups Baseline 60 min 120 min 180 min 

CO (ml.min-l.kg -1) R1 97.7 _+ 29.6 90.0 • 35.5 91.3 _+ 32.7 8 6 . 5  +_ 29.8 
R2 98.5 _+ 15.6 102.9 _+ 33.7 95.8 • 29.1 94.4 _+ 302 
D 100.2 + 16.0 114.8 _+ 35.4 125.1 _+ 42.0 131.9 _+ 54.9 
RD 86.3 • 21.9 123.2 _+ 23.9 a 131.4 • 37.1 155.0 _+ 60.3 

CBV (ml.kg 1) R1 69.4 _+ 8.7 70.7 + 8.8 72.6 • 8.3 72.3 • 10.2 
R2 76.7 _+ 17.0 80.5 _+ 18.6 84.9 • 16.9 88.1 + 19.1 
D 71.0 _+ 8.4 80.4 • 7.3 94.2 • 9.4 ab 101.8 -+ 8.7 ab 
RD 68.0 • 2.4 85.3 • 6.0 ~b 105.8 + 5.3 abcd 114.0 + 2.6 abcd 

HR (min -1) R1 180.3 • 30.5 176.7 • 31.7 172.8 _+ 30.9 178.3 • 27.1 
R2 174.0 • 27.7 160.0 • 25.0 156.3 _+ 27.6 155.0 • 30.9 
D 185.7 _+ 18.7 179.2 § 8.7 164.8 + 8.5 a 166.2 _+ 9.8 
RD 168.5 • 27.0 164.5 _+ 20.9 171.5 • 17.1 180.8 • 11.7 

MAP (mmHg) R1 115.9 _+ 16.6 115.2 _+ 15.5 108.8 _+ 14.3 106.0 • 15.1 
R2 119.3 +_ 10.3 109.8 _+ 13.5 116.8 • 15.5 110.5 • 16.0 
D 95.6 + 11.7 100.8 • 19.6 104.5 • 19.7 102.9 -+ 23.7 
RD 103.1 • 13.9 107.0 -+ 20.6 101.1 + 17.2 106.8 _+ 11.7 

MPAP (mmHg) R1 16.7 • 3.9 16.2 • 3.3 17.1 _+ 2.6 15.5 • 1.7 
R2 15.1 • 2.4 17.8 + 2.6 21.3 _+ 6.2 20.8 • 6.5 
D 15.4 • 3.7 18.4 _+ 4.5 19.4 _+ 5.6 20.3 • 5.7 
RD 14.8 • 5.3 19.9 + 5.9 21.2 +_ 8.0 27.0 _+ 8.80b 

LAP (mmHg) R1 4.2 +_ 2.8 4.0 • 2.7 3.8 _+ 1.9 4.5 + 2.3 
R2 3.5 _+ 1.2 5.7 • 2.5 8.2 • 4.1 ab 11.2 • 7.5 
D 2.3 _+ 1.4 3.5 • 1.5 4.8 • 2.0 a 5.5 • 2.3 a 
RD 1.8 • 1.7 3.5 • 2.6 4.0 + 2.9 5.3 -+ 4.6 

CVP (mmHg) R1 2.7 • 1.0 3.0 • 1.7 3.0 • 2.0 3.0 • 2.0 
R2 1.8 _+ 1.3 3.2 • 1.5 4.3 • 1.8 ' 4.8 • 1.7" 
D 0.7 • 0.6 1.5 • 0.8 c 2.0 • 0.9 ae 2.5 -+ 1.0 ac 
RD 0.8 _+ 0.5 2.8 +_ 1.5 a 2.8 _+ 1.5" 3.5 • 2.1 a 

Pao2 (mmHg) R1 242.3 +_ 18.7 248.5 • 47.9 262.1 • 58.6 255.9 -+ 51.9 
R2 252.9 _+ 33.6 243.3 • 29.2 238.1 • 28.6 217.7 _+ 27.3 
D 219.3 • 29.0 217.0 • 19.7 214.3 • 24.3 214.7 -+ 29.3 
RD 230.2 • 31.2 234.2 _+ 23.4 217.5 • 28.3 188.8 • 38.4 b 

Values are mean _+ SD. n = 6 in RI, R2, and D groups, n 5 in RD group. 
CO, cardiac output; CBV, circulating blood volume; HR, heart rate; MAP, mean arterial pressure; MPAP, mean pulmonary arterial pressure; 
LAP, left atrial pressure; CVP, central venous pressure; Pao2, arterial oxygen tension. 
a p  < 0.05 vs baseline; bp < 0.05 VS R1 group; cp < 0.05 vs R2 group; dp < 0.05 vs D group. 
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pressures (MAP and MPAP),  left atrial pressure 
(LAP),  central venous pressure (CVP), arterial blood 
gases, circulating blood volume (CBV), thoracic duct 
lymph volume (QL), total protein concentrations in 
plasma (CP) and lymph (CL), and urine volume (UV). 
In addition, the changes in extravascular fluid volume 
(AEVW) were calculated by subtracting the UV and 
changed volume in circulating blood volume (ACBV) 
from the infusion volume during the measurement  in- 
tervals. Here,  the insensible water loss was neglected. 
The CP and CL were determined by spectrophotometry  
using the Biuret  reaction. 

For the measurements of CBV, we have developed 
a new method using the fluorescein isothiocyanate 
(FITC) labeled autologous red blood cells as the in- 
dicator [6]. The dilution rate of labeled red cells was 
determined with flow cytometer  (Becton Dickinson, 
FACS-440, San Jose, CA, USA). The average value of 
CBVs determined by this method on normal mongrel 
dogs was 76.8 _ 9.2ml.kg -1 (mean _+ SD, n = 18) and 
approximated well the values reported previously [7-9]. 
This method enables a reproducible measurement  of 
CBV without using radioactive indicators, and is appli- 
cable also for the observation of changes in CBV at least 
for 5h after an injection of indicator cells [6]. 

Here,  the dogs were divided into four groups. The 
first group (R1 group, n = 6) received intravenous infu- 
sion of RL at a rate of 10ml.kg-l.h -~, the second 
(R2 group, n = 6) received RL of 30ml.kg ~-h 1, the 
third (D group, n = 6) 6% Dextran 70 solution (DEX)  
at 10ml-kg 1.h 1, and the fourth (RD group, n = 5) 
D EX of 10ml.kg-l.h -~ plus RL of 20ml.kg-l.h -1. The 
rate of infusion was controlled by infusion pumps. After  
the baseline measurements the infusions ment ioned 
above were started, and at every 60min the same 
measurements were repeated up to 180min. They  were 
wrapped in a water blanket, and the temperature  of the 
circulating water was set at 40~ A fall in blood 
temperature  below 38~ was not found in any of the 
animals. 

The means and standard deviations were calculated 
for each of the measured parameters. The significances 
of difference in parameters within the same group were 
assessed by paired Student t-tests. The  differences be- 
tween the groups at the same timepoints were analyzed 
by Welch t-test. A P value of less than 0.05 was regarded 
as significant. 

Results 

Table 1 presents the values of hemodynamic param- 
eters (CO, HR,  MAP, MPAP, LAP, and CVP), CBV 
and arterial P% during the experiment. After the start 
of infusion, L A P  and CVP increased in three of the 

groups except R1. CBVs in the two Dextran groups 
(D and RD) showed significant increases at 120 and 
180min after the start of infusion. Compared with the 
R1 group, the increases in CBVs were significant in the 
D and RD groups. CO increased also in the two Dext- 
ran groups but their increases were not significant. 
MPAP increased with time in all groups, and in the RD 
group it was significantly higher than in the R1 group at 
180min. However,  LAP in the RD group did not in- 
crease as much as MPAP. Pao2 fell in both high-dose 
infusion groups (R2 and RD),  but the significant fall 
when compared with the R1 group was found only in 
the RD group. 

In Table 2, the values of AEVW, ACBV, cumulative 
urine and thoracic duct lymph volumes during 3 h ( tUV 
and tQL),  CL, CP, and the CL/CP ratio are presented. 
The tUVs in the R2 group (high-dose RL group) were 
significantly larger than in the other  three groups. The 
tQLs in the two Dextran groups (D and RD) were 
significantly higher than in the R1 group, and its in- 
crease in the RD group was also significant compared 
with the R2 group. The E V W  decreased in the D group 
while it increased in the other  three groups. The most 
dominant increase was found in the R2 group (high- 
dose RL group). At  180min after the start of infusion, 
the increases in EV W  in the R2 and RD groups and its 
decrease in the D group were significant compared with 
the R1 group. However,  its increase in the RD group 
was less than in the R2 group, although both groups 
received the same volume of fluid (30ml.kg-l.h-1). 

The CP decreased during the 3 h in all groups, and the 
decreases were significant in the three groups except 
R1. Their  decreases were almost parallel to the in- 
creases in CBV. On the other  hand, the CL also showed 
gradual reduction with time in all groups, and its de- 
crease at 180min was significant in the R2 and RD 
groups (high-dose infusion groups). The decrease in CL 
was smallest in the D group. Because of the more 
marked fall of CP than of CL, the calculated CL/CP 
ratios in the two Dextran groups increased during the 
experiment and became larger than 1.0 after 60min. As 
explained later, this strange phenomenon  seems to re- 
sult from the faster transfer of plasma protein through 
the vascular wall rather than from the effect of Dextran 
70. 

Table 3 presents the ratios of tUV and tQL during the 
3 h and ACBV and AEVW at 180 min to the cumulative 
infusion volume during the 3 h (tInf). The tUV/tInfs in 
the RL groups (R1 and R2) were 28% to 37%, but those 
in the Dextran groups (D and RD)  were less and re- 
mained under 20%. The tQL/tInfs were significantly 
more in the Dextran groups than in the RL  groups (D v s  

R1 and RD v s  R2). The ACBV/tInf  was 51% in the RD 
group and over 100% in the D group, contrasting to 
10%-13% in the RL groups (R1 and R2). The AEVW/ 
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Table  2. C h a n g e s  in circulat ing b lood vo lume  and  ex t ravascu la r  fluid re ten t ion ,  cumula t ive  ur ine  a nd  thoracic  duct  l ymph  
vo lumes ,  an d  p ro te in  concen t r a t ions  in the  p l a sma  and  l y m p h  

G r o u p s  Base l ine  60 min  120 min  180 min  

A C B V  (mg.kg  -1) R1 +1.3  • 5.1 +3.2  _+ 4.9 +2.9 _+ 5.5 
R2  +3.8  + 10.2 +8 .2  • 9.8 +11.4  • 10.4 
D +9 .4  • 4.5 ~ +23.2  _+ 5.1 '~ +30.8  • 4.9 b~ 
R D  +17.3 ~+ 3.1 bed +37.8 • 2.6 b~d +46.0  _+ 1.6 bed 

A E V W  (ml-kg -*) R1 +6.1 • 3.0 +11.5 + 2.4 +18.9  _+ 4.8 
R2 +20.3  • 7.8 b +34.7 • 13.4 b +45.7  • 18.4 b 
D - 0 . 8  _+ 3.6 b~ - 6 . 5  _+ 7.0 bc - 6 . 2  • 7.2 bc 
R D  +8.9  • 6.8 r +12.4  _+ 10.8 Cd +29.0  • 7.7 bd 

t U V  (ml .kg- ' )  R1 2.7 _+ 1.5 5.4 _+ 2.4 8.3 _+ 5.7 
R2 5.9 + 4.9 17.1 _+ 9.2 b 33.0 _+ 16.2 b 
D 1.4 + 0.8 3.4 + 2.9 ~ 5.6 +- 2.8 ~ 
R D  3.7 _+ 2.8 9.6 • 8.2 14.9 -- 8.4 r 

t Q L  (ml.kg -~) R1 4.3 • 1.1 9.1 + 2.8 14.2 _+ 2.8 
R2 4.9 _+ 0.8 11.1 + 1.6 18.3 _+ 3.8 
D 6.9 • 2.5 14.4 • 4.8 b 23.5 • 8.0 b 
R D  7.6 _+ 3.0 17.5 _+ 5.8 b 29.4 • 6.4 be 

CP (g.dl 1) R1 5.13 • 0.81 4.89 • 0.83 4.65 + 0.92 4.70 § 1.06 
R2  4.88 • 0.53 4.21 • 0.59 4.00 _+ 0.63 ~ 3.61 + 0.49 ~ 
D 5.15 • 0.33 4.75 • 0.49 3.85 _+ 0.59 ~ 3.25 • 0.72 ab 
R D  4.87 _+ 0.80 4.33 • 0.76 3.50 • 0.56 ~b 2.49 + 0.71 ~b~ 

C L  (g-dl ~) R1 4.30 • 0.80 4.20 + 0.73 4.04 _+ 0.69 3.83 • 0.87 
R2 4.43 • 0.78 3.58 + 0.78 2.91 ___ 0.72 ab 2.69 • 0.87 ~b 
D 4.79 • 0.45 4.95 • 0.80 c 4.42 • 0.67 c 4.18 • 1.17 ~ 
R D  4.62 _+ 0.69 4.48 + 0.79 4.04 + 1.02 3.27 • 1.03 ~ 

CL/CP R1 0.84 • 0.09 0.86 • 0.08 0.88 • 0.05 0.82 • 0.07 
R2 0.91 • 0.13 0.86 _+ 0.19 0.73 _+ 0.17 0.75 • 0.26 
D 0.93 • 0.07 1.05 +_ 0.23 1.19 +_ 0.38 ~ 1.42 + 0.79 
R D  0.95 _+ 0.04 1.04 • 0.05 ~ 1.15 • 0.20 b~ 1.31 • 0.21 ~176 

Values are mean _+ SD. n 6 in R1, R2, and D gruops, n = 5 in RD group. 
ACBV and &EVW, changes in blood volume and extravascular fluid volume from baseline; tUV and tQL, cumulative urine and thoracic duct 
lymph volume from baseline; CP, total protein concentration in plasma; CL, total protein concentration in lymph. 
~P < 0.05 v s  baseline; up < 0.05 v s  R1 group; cp < 0.05 v s  R2 group; ~P < 0.05 v s  D group. 

Table  3. Ra t ios  of  cumula t ive  ur ine  and  lymph  v o l u m e s  dur ing  the  3 h, and  the  increases  in circulat ing b lood  vo lume  and  
ex t ravascu la r  fluid r e t en t i on  at 180 •  to the  cumula t ive  in fus ion  v o l u m e  dur ing  the  3 h 

G r o u p  

R1 R2 D RD 

t In f  ml-kg  i 30.0 +_ 0.0 90.0 _+ 0.0 30.0 • 0.0 90.0 _+ 0.0 
tUV/ t In f  % 27.7 • 19.0 36.7 • 18.0 18.7 _+ 9.3 16.6 • 9.3 b 
tQL/ t In f  % 47.3 + 9.3 20.3 _+ 4.2 a 78.3 _+ 26.7 ab 32.7 _+ 7.1 au~ 
A C B V / t I n f  % 9.7 • 18.3 12.7 • 11.6 102.7 • 16.0 ab 51.1 -+ 1.8 abe 
A E V W / t l n f  % 63.0 _+ 16.0 50.8 _+ 20.4 - 2 0 . 7  _+ 24.0 ~b 32.2 • 8.6 a~ 
t Q L  + A E V W  ml .kg  -t 33.1 _+ 5.6 64.0 + 18.8 a 17.3 • 10.8 ab 58.4 _+ 10.0 ac 
( tQL  + A E V W ) / t I n f  % 110.3 _+ 18.7 71.1 • 20.9 a 57.7 • 36.0 a 64.9 • 11.1 a 
t Q L / ( t Q L  + A E V W )  % 42.9 _+ 8.5 28.6 + 5.9 a 135.8 • 46.2 "u 50.3 _+ 11.0 u~ 
A C B V  - t Q L  ml-kg -1 - 1 1 . 3  + 6.2 - 6 . 9  _+ 11.1 +7.3 + 9.4 ab +16.6 • 6.6 ~b 
( A C B V  - tQL) / t I n f  % - 3 7 . 7  +_ 20.7 7.7 +_ 12.3 ~ +24.3 +_ 31.3 ~ +18.4  • 7.3 ~ 

Values are mean _+ SD at the end of the experiment. 
tInf, tUV, and tQL, cumulative infusion volume, cumulative urine volume, and cumulative thoracic duct 
increases in circulating blood volume and extravascular fluid volume during the 3 h. 
~P < 0.05 v s  R1 group; bp < 0.05 VS  R2 group; ~ < 0.05 v s  D group. 

lymph volume; ACBV and AEVW, 
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tInfs in the R1, R2, D, and RD groups were 63%, 51%, 
-21%,  and 32%, respectively. The ratio of AEVW to 
tInf decreased due to the Dextran infusion. However, 
there was no significant difference between the R2 and 
RD groups. 

Discussion 

The 6% Dextran 70 solution used in this study is 
Macrodex (Pharmacia, Sweden), and the solvent of 
Dextran is normal saline. Therefore its crystalloid 
osmotic pressure is the same as RL. The mean mol- 
ecular weight of Dextran 70 is 70000, larger than that 
of albumin (66000). On this account, the passage of 
the albumin molecules through the capillary wall is 
expected to be faster than Dextran 70, and the share of 
albumin in extravascular fluid should have been larger 
than in plasma. This might be the cause of the peculiar 
increase in CL/CP of over 1.0 in the two Dextran groups. 

Regrettably, we could not determine the colloid 
osmotic pressures (COPs) in lymph and plasma in 
this study. However, the COP of canine serum with the 
total protein concentration of 5 g-dl -~ (mean CP of the 
four groups at the baseline: Table 2) can be derived 

a s  13.1mmHg with the equation after Navar and 
Navar [10]. On the other hand, the average COP of 
Macrodex is reported as about 59mmHg [11]. There- 
fore, the COP of 1:2 mixture solution of Macrodex and 
RL was about 20 mmHg. As a result, the animals in the 
D and RD groups received colloidal solutions with 
about 4- and 1.5-times stronger oncotic pressure than in 
plasma. 

We have determined the lymph volume with the out- 
let height fixed on the level of cardiac atrium. Because 
the lymphatic outflow into the vein is impeded by 
venous pressure, the QLs obtained in this study may 
overestimate the real volume. However, as presented in 
Table 1, there were no significant differences in the 
CVPs between the groups which received the same vol- 
umes of infusion (R1 v s  D and R2 v s  RD). F o r  this 
reason, we regarded this possible over-estimation of 
tQLs as negligible, at least in assessing their shares in 
the tInfs. 

The plasma volume that was filtered out into the 
extravascular compartments may be derived as the sum 
of tQL and AEVW, if it is assumed that the insensible 
water loss was zero. At the end of the experiment, they 
were 33.0, 63.9, 17.1 and 58.5ml.kg -1 and their ratios to 
tInf were 110%, 71%, 57% and 65%, respectively, in 
the four groups (Table 3; (tQL + AEVW) and (tQL + 
zXEVW)/tInf). The differences of these values between 
R1 and D or R2 and RD (15.9 and 5.4ml.kg 1, respec- 
tively) were the reductions in the filtration caused by 
the infusion of Dextran solutions with 4- and 1.5-times 

stronger oncotic pressures than in plasma. These values 
amounted to 53% and 6% of tlnfs during the 3h. 

Of these filtered fluid volumes, the volume of lymph 
was restored again in the intravascular space. The ratio 
of lymph to the filtered volume (Table 3: tQL/(tQL + 
AEVW)) presents a restoration ratio via lymph. These 
ratios in the D and RD groups at 180min were 136% 
and 50%, respectively, and about 3- and 1.8-times more 
than in the R1 and R2 groups (43% and 29%, respec- 
tively). In the D group it was over 100%, suggesting that 
more fluid than the filtered fluid returned to the intra- 
vascular space. The lymphatic restoration of interstitial 
fluid to intravascular space was improved clearly by 
hyperoncotic Dextran infusion. 

It has been suggested that the administration of col- 
loidal solution can facilitate the formation of edema 
[12,13]. This suggestion seems to originate from the 
hypothesis that the colloid molecules are trapped in the 
coil structure in the matrix of interstitial ground sub- 
stance and are hardly washed out into lymph [14,15]. 
This hypothesis may be true only when the interstitial 
matrix is hydrated and swollen. In this study, we pre- 
ferred to infuse fluid of 30ml-kg 1.h 1 for swelling the 
interstitial matrix (R2 and RD groups). By this high- 
dose infusion, EVW increased markedly in both the R2 
and RD groups. However, the lymphatic restoration 
ratio increased more in the RD group than R2. We 
could not obtain any evidence for this suggestion. 

The reason why the infusion of hyperoncotic Dextran 
solution increases the lymphatic restoration of intersti- 
tial fluid is unknown. The CLs in the two Dextran 
groups did not decrease as in the RL groups, and the 
AEVWs in the former groups did not increase as in the 
latter groups (Table 2). These results may suggest that 
the expansion and swelling of interstitial ground sub- 
stance is restricted when the oncotic pressure of the 
fluid filtered out into the interstitial space is high. For 
the interstitial fluid to lodge in that compartment stably, 
there must be sufficient numbers of coils with enlarged 
diameter, which allow the capture of colloid molecules 
in them. 

As in the case of Dextran groups in this study, if the 
oncotic pressure in the filtered fluid is high, the volume 
of filtered fluid which hydrates the interstitial ground 
substance and expands the coils in its matrix might be 
less, depending on the strength of oncotic pressure in 
the filtered fluid. This might have been the cause of 
increasing effects on the lymphatic drainage of the 
hyperoncotic Dextran solution. 

The difference between ACBV and tQL may fit ei- 
ther the volume of infused fluid not filtered out into the 
extravascular space, or the volume reabsorbed directly 
from the extravascular compartment into the capillar- 
ies. This fluid volume was 24% and 18% of tInf in the D 
and RD groups (Table 3: ACBV - tQL and (ACBV - 
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tQL)/tInf). On the other hand, this value was negative 
in the R1 and R2 groups ( -38% and - 8 % ,  respec- 
tively), suggesting that this volume of lymph was lost in 
urine. Because the ACBV/tInfs in the former groups 
were 103% and 51%, respectively, about 1/4 to 1/3 of 
the plasma-expanding effect of 6% Dextran 70 solution 
consists either in the direct fluid reabsorption from the 
extravascular compartment into blood or its direct in- 
travascular retention. 

In conclusion: (1) Infusion of hyperoncotic Dextran 
solution not only reduced the plasma volume filtered 
out into extravascular space by 53% to 6% of tlnf de- 
pending on the strength of oncotic pressure, but also 
increased the lymphatic restoration ratio of interstitial 
fluid to intravascular space by 3- to 1.8-times more. (2) 
In the Dextran groups, a larger increase in blood vol- 
ume over the lymph volume fitted 24% and 18% of tInf, 
and consisted either of the fluid directly reabsorbed 
from the extravascular compartment into the capillaries 
or of direct retention of the infused fluid in the intravas- 
cular compartment. One-fourth to one-third of the 
plasma expanding effect of 6% Dextran 70 solution was 
ascribed to these two direct effects. 
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