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Abstract. Objective: to compare diafiltered 6% pen- 
tastarch (Pentafraction - PDP, MWnl20000 and 
MWw280000) and native pentastarch (Pentaspan - 
PSP, MWn 63 000 and MWw 264000 dalton) in a porcine 
model of faecal peritonitis. Design: Randomised prospec- 
tive study in 12 adolescent pigs. Interventions: Prior to 
infection the study solution was infused to increase Qt by 
25%. Thereafter adjustments in infusion rate were made 
(up to 1 l/h) in an attempt to maintain Qt at 25O/o above 
baseline values. Measurements and results: Animals were 
sacrificed at 8 h. Tissue was excised from the right lobe of 
liver and from the right lung and fixed for later electron 
microscopy and digital morphometric analysis. Patent 
sinusoidal lumen was significantly greater in group PDP 
compared to PSP (11.3%+2.3% of liver tissue versus 
4.8070+_1.1070, p<0.05) and this was accounted for by a 
significantly lower proportion of sinusoidal lumen oc- 
cluded with white cells (2.1 07o +0.6O/o versus 6.6O7o _+ 1.907o, 
p < 0.05). Similarly, patent capillary represented a signifi- 
cantly higher proportion of lung tissue for group PDP 
versus PSP (26.2070+1.9~ versus 18.5% _+2.7%, 
p < 0.05). The arithmetic mean alveolar capillary barrier 
thickness was significantly greater in group PSP than in 
group PDP (4.3+0.3 ~tm versus 2.5+0.3 ~tm, p<0.01). 
Conclusions: The molecular weight profile of Pentafrac- 
tion was associated with less structural organ damage in- 
cluding less tissue oedema and less white cell occlusion. 
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The sepsis syndrome is often associated with the multiple 
organ dysfunction syndrome (MODS), the mortality ap- 
proaching 10007o when there is failure of three or more or- 
gans [1]. The syndrome is associated with capillary leak 
and relative hypovolaemia [2]. There is pulmonary and 
hepatic leukostasis [3] and a reduction in oxygen uptake 
[4]. It is thought that hepatic and pulmonary damage are 

due, in part, to the action of activated, degranulating 
neutrophils [5, 6] releasing lysosomal enzymes and 
superoxide radicals. In addition, much emphasis has been 
placed on the role of cardiovascular dysfunction and an 
inability to maintain adequate tissue oxygen utilisation in 
the pathogenesis of MODS. This has led to recommenda- 
tions to increase cardiac output (Qt) and oxygen trans- 
port (DO2) to greater than normal levels in order to en- 
sure adequacy of supply in patients at risk of MODS [7, 
8]. It is well established that increased capillary perme- 
ability, with the consequent loss of plasma volume 
[9-12] and myocardial depression [13, 14] are major 
contributing factors leading to cardiovascular dysfunc- 
tion. Optimization of the stroke volume of a heart which 
is failing through sepsis requires a greater than normal 
blood volume to ensure an optimal preload [15]. 

Although there is no consensus as to the ideal solu- 
tion to expand the plasma volume, the use of colloid solu- 
tions for fluid resuscitation requires less volume than 
crystalloid solutions [16], there is less tendency toward 
fluid overload and oedema formation [17] and resuscita- 
tion times are shorter [18]. There is laboratory evidence 
that the use of medium molecular weight colloids can im- 
pede the transport of water and smaller molecular weight 
proteins through capillary walls in states of capillary leak 
[19, 20]. We have studied a narrow range, medium molec- 
ular weight pentastarch in an adolescent porcine model 
of sepsis and multiple organ failure. The model was de- 
veloped in our laboratory to assess the efficacy of thera- 
peutic agents [21]. We previously compared diafiltered 
pentastarch (Pentafraction) with high molecular weight 
hetastarch [221. Less Pentafraction was required to pre- 
vent haemoconcentration and there was less histological 
evidence of pulmonary damage. In the present study 6~ 
Pentafraction (Du Pont Pharmaceuticals, Stevenage, 
UK-PDP)  was compared with the native 6070 pentastarch 
(Pentaspan, Du Pont Pharmaceuticals, Stevenage, 
UK-PSP)  in a porcine model of faecal peritonitis. 
Hetastarch was not used as the comparative colloid to en- 
sure that any differences found were related to differences 
in molecular weight profiles and not related to differences 
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in  t h e  degree  o f  s u b s t i t u t i o n  o f  g lucose  uni ts .  We were 
p a r t i c u r a l y  in te res ted  in t h e  ef fec ts  o f  P e n t a f r a c t i o n  o n  
t h e  s t ruc tu ra l  i n t eg r i ty  o f  t h e  lungs  a n d  l iver  w h e n  used  
to  m a i n t a i n  a h y p e r d y n a m i c  c i rcu la t ion .  We the re fo re  
used  the  so lu t i ons  to  m a i n t a i n  an  inc rease  o f  Qt by a t  
l eas t  2 5 %  f r o m  basel ine .  T h e  2 5 %  increase  was c h o s e n  to  
l imi t  r e d u c t i o n s  in DO2 c a u s e d  by h a e m o d i l u t i o n .  

Materials and methods 

The study was authorized by the UK Secretary of State under the provi- 
sions of the Animals (Scientific Procedures) Act 1986. Twelve adoles- 
cent pigs weighing 26.8+0.5 kg (mean+_SEM) were studied. Animals 
were assigned to fluid maintenance groups (PDP or PSP) according to 
a randomization code. The physical properties of the study colloids are 
characterised in Table i. Animals were fasted overnight but allowed free 
access to water. Anaesthesia was induced with azaperone 2.0 mg/kg i.m. 
and metomidate 10mg/kgi.p. and maintained with 50% oxygen, 
nitrous oxide and 1 - 2 %  halothane throughout the surgical proce- 
dure. A 9.0 mm cuffed endotracheal tube was inserted through a 
tracheostomy and a flow directed thermodilution pulmonary artery 
catheter (93A-301-7F, American Edwards Laboratories, Santa Ana, 
Calif.) was inserted via the right femoral vein. Cannulae were inserted 
into the right external jugular vein and the right femoral artery for sam- 
piing and administration of drugs or fluids. A catheter was advanced 
via the right internal jugular vein to the hepatic vein with ultrasound 
guidance. This catheter was used for sampling to allow calculation of 
hepatic oxygen consumption. Fluid maintenance for the surgical proce- 
dure was with 500 ml balanced electrolyte (Hartmann's) solution. 

A laparotomy was performed and electromagnetic flow probes 
(SP7515, Spectramed Inc., Oxnard, Calif.) were placed around the por- 
tal vein (8.0 ram) and hepatic artery (3.0 mm). After completion of the 
surgical procedures, the lungs were ventilated with a tidal volume of 
12-15 ml/kg adjusted to maintain PaCO2 between 35 and 45 mmHg. 
Initially FiO 2 was 0.4 but adjustments were made as necessary up to 0.6 
to maintain SaO 2 > 95 %. Anaesthesia was thereafter maintained with 
80-100 mg/kg intravenous a-d-chloralose given when signs of lighten- 
ing of anaesthesia appeared. The solution was prepared freshly in 0.9% 
saline at 80~ and kept at 40~ 

The mean oxygen consumption (VO2) was measured by sampling 
inspired and expired gases with a Deltatrac metabolic monitor (Datex, 
Helsinki, Finland). Sampling was continuous for 15 rain before other 
measurements. Arterial oxygen saturation and haemoglobin were mea- 
sured with a co-oximeter (OSM-2, Radiometer, Copenhagen, Den- 
mark). Blood gas and arterial lactate measurements were made (IL 
1304, Instrumentation Laboratories Ltd, Warrington, UK and GM7 an- 
alyzer, Analox, London, UK). All vascular pressures were referenced to 
mid thoracic level and measurements were made at end expiration. Car- 
diac output (Qt) was measured intermittently by thermodilution, each 
measurement being made in triplicate. Values lying within 10% of each 
other were accepted and indexed to body weight. 

An infusion of the study colloid solution was started at 1000 ml/h 
and continued until a 25o/o increase in Qt was measured or 1000 ml had 
been given. After volume loading a caecotomy was performed; 35 ml of 
caecal content were aspirated and diluted to 50 ml with tap water. After 
closure of the caecotomy the faeces were spread around the peritoneum 

Table 1. Physical characteristics of the study solutions 

PSP PDP 

MWnumber average 63 000 120 000 dalt on 
MWweight average 264 000 280 000 dalton 
Degree of substitution 0.45 0.45 
Osmolality 326 320 mOsm/1 

Source - Du Pont Pharmaceuticals, Stevenage, UK 

to induce peritonitis and the laparotomy closed. After infection fluid in- 
fusion rates were adjusted to maintain Qt at 25% greater than pre- 
treatment baseline or to a maximum of 1000 ml/h. Blood samples were 
withdrawn and haemodynamic and oxygen utilization measurements 
were recorded at baseline (b), pre-infection (x) and every 60 min (tl - t8)  
for 8 h in surviving animals. Qt was measured at hourly intervals and 
more frequently immediately after any adjustment of the fluid infusion 
rate. After measurements at t8 surviving animals were sacrificed by the 
injection of pentobarbitone (30 mg/kg i.v.). 

Tissue samples were excised surgically from the liver (right lobe) and 
right lung, fixed in 3% ghltaraldehyde in cacodylate buffer, post-fixed 
in 1% osmium tetroxide in buffer, dehydrated in ascending concentra- 
tions of ethanol and embedded in Spur's resin. Tissue samples were pre- 
pared for electron microscopy and digital morphometric analysis. These 
were coded and randomized by a person unfamiliar with the techniques 
or conditions of the experiment. Ten consecutive frames from each sam- 
ple were analysed at a magnification of x 5500. 

The relative volume densities of various components of lung and liv- 
er tissue were estimated from their relative area densities using a modifi- 
cation of the Delesse principle [231. An image capture system (Sight 
Systems, Newbury, UK) linked to an Elonex microcomputer was used 
to store images captured from the electron microscope. Areas were mea- 
sured by the technique of pixel counting using a commercial software 
package (Freelance, Foster Findlay Associates Ltd, Newcastle upon 
Tyne, UK). The following hepatic areas were measured and related to 
the area of hepatic tissue studied: total sinusoidal area (including endo- 
thelium); luminal red cells; luminal white cells; remaining luminal area 
and endothelium including Kupffer cells. The following lung tissue ar- 
eas were measured and related to the area of lung tissue studied (i.e. ex- 
cluding alveolae): total capillary area and capillary lumen excluding 
white ceils. In addition the arithmetic mean thickness (x) of the alveolar 
capillary barrier was estimated by the method of Weibel et al. [24]. 

Haemodynamic data were compared with a two-factor repeated 
measures analysis of variance (ANOVA). Post-hoc analysis was by Fish- 
er's protected least significant difference test where inter-group differ- 
ences were found and the Dunnett test to compare interval data with 
pre-infection data within groups. An unpaired Student's t-test was used 
to compare inter-group data in the morphometric analysis. All data are 
presented as mean_+SE. 

Results 

T h e r e  were  d i f fe rences  in the  in i t i a l  r e sponses  to  t he  two  
s tudy  so lu t i ons  in the  a n i m a l  m o d e l .  T h e  in i t ia l  f lu id  in-  
f u s i o n  (up to  1000 ml )  fa i led  to  inc rease  Qt by 2 5 %  in 2 
a n i m a l s  o f  g r o u p  PSP.  I n  t h e  r e m a i n i n g  4 a n i m a l s  o f  
g r o u p  P S P  1 0 . 0 _ 1 . l  m l / k g  o f  co l lo id  i nc rea sed  Q~ by  
37_+4%. In  t he  6 a n i m a l s  o f  g r o u p  P D P  a s a t i s f ac to ry  in- 
c rease  o f  Qt o f  40_+ 10% was ach ieved  wi th  
10 .7+2 .1  m l / k g  co l lo id .  T h e  s u b s e q u e n t  Qt r e sponses  
( indexed  to  b o d y  weigh t )  a re  s u m m a r i s e d  in  Fig.  1. A l l  
a n i m a l s  o f  g r o u p  P S P  su rv ived  fo r  8 h p o s t - i n f e c t i o n  
whe rea s  2 a n i m a l s  o f  g r o u p  P D P  d ied  ea r ly  (a f te r  3h fo r  
o n e  in  w h i c h  Qt h a d  fa i led  to  increase  a n d  a f t e r  5 h fo r  
a n o t h e r  desp i te  an  in i t i a l  s a t i s f ac to ry  increase  in  Qt). 
T h e  f lu id  v o l u m e s  r equ i r ed  to  m a i n t a i n  Qt p o s t - i n f e c t i o n  
in t he  s u r v i v i n g  a n i m a l s  were  2 2 4 +  16 m l / k g  fo r  g r o u p  
P D P  a n d  2 4 7 + 2 6  m l / k g  fo r  g r o u p  PSP.  Th i s  d i f f e r ence  
was n o t  s ta t i s t ica l ly  d i f fe ren t .  O x y g e n  t r a n s p o r t  a n d  t is-  
sue  r e sp i r a t i on  are  r ep re sen t ed  in  Fig.  2. T h e r e  were  no  
s i gn i f i c an t  d i f f e rences  b e t w e e n  the  g r o u p s  o r  w i t h i n  
g r o u p s  c o m p a r e d  to  p r e - i n f e c t i o n  (po in t  x). A l t h o u g h  Qt  
was gene ra l ly  i nc rea sed  f r o m  base l ine  (po in t  b)  it is w o r t h  
n o t i n g  t h a t  D O  2 was n o t  i n c r e a s e d  d u e  to  h a e m o d i l u t i o n  
( h a e m o g l o b i n  fell  f r o m  9 . 8 + 0 . 4  [basel ine]  to  
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Fig. 1. PAWP (top), cardiac index (CI - middle) and number  of  ani- 
mals achieving a 25~ increase in cardiac index from baseline (bottom) 
at each measurement  point. Line graph data are mean+_SE. Point (b) 
is baseline, point  (x) is pre-infection and points t l  - t8 are hourly inter- 
vals. Solid points represent group PSP and open points P DP 
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8.0___0.7 g/all [t8] in surviving animals of group PSP and 
from 10.1 +0.6 to 7.4+0.6 g/dl in group PDP). Figure 3 
demonstrates total blood flow into the liver along with 
hepatic oxygen transport and consumption�9 Once again 
there were no significant differences detected between the 
colloids or within groups compared to pre-infection 
(point x). 

Pulmonary histology of both groups of animals 
showed evidence of capillary occlusion with cell debris 
and white cells, particularly degranulating neutrophils. 
There was swelling and disruption of the capillary en- 
dothelium and the alveolar epithelium (Fig. 4). These 
changes were generally more severe in group PSP than in 
group PDP. Hepatic histology revealed occlusion of 
sinusoids by degranulating neutrophils, lymphocytes and 
stagnant red cells. In addition there was endothelial and 

Time 

Fig. 2. DO 2 (top), VO 2 (middle) and arterial lactate concentration (bot- 
tom) at each measurement  point. Data are mean_+SE. Oxygen transport  
data  are indexed to body  weight. Point (b) is baseline, point  (x) is pre- 
infection and  points t l - t 8  are hourly intervals. Solid points represent 
group PSP and open points PDP 

Table 2�9 Capillary area, capillary lumen and alveolar capillary barrier 
thickness after 8 h  of  faecal peritonitis. Data  are presented as 
mean  + SE. The tissue area (i.e. excluding alveolar air space) is related 
to the measurement  frame. All other areas are related to the tissue area 

Group PSP Group PDP  p-value 

Tissue area (%) 62 .4+2.1  62 .2+3 .8  NS 
Total  capillary area (070) 36.2_+ 1.1 41.2_+2.3 NS 
Capillary lumen (%) 18 .5+2.7  26.2+_2.0 <0.05 
Mean alveolar capillary 4.3 _+ 0.3 2.5 _+ 0.3 < 0.005 
barrier thickness (~) (gin) 
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Fig. 3. Hepatic artery flow (top), portal venous flow (upper middle), 
hepatic DO 2 (lower middle) and hepatic VO 2 (bottom) at each mea- 
surement  point. Data are indexed to body weight and are presented as 
mean_+SE. Point (b) is baseline, point (x) is pre-infection and points 
t l  - t 8  are hourly intervals. Solid points represent group PSP and open 
points PDP 

Kupffer cell swelling and in some areas endothelial strip- 
ping with loss of the space of Disse (Fig. 5). These 
changes were more pronounced in group PSP than group 
PDP. The results of morphometric analysis are docu- 
mented in Tables 2 and 3. 

Table 3. Sinusoidal area, lumen, s tagnant  red cells, white cells and en- 
dothelial thickness after 8 h of  faecal peritonitis. Data  are presented as 
mean  + SE. All areas are related to the measurement  frame which was 
equal to the total tissue area analysed in all cases 

Group PSP Group PDP  p-value 

Sinusoidal area (%) 28.6 + 2.8 24.9 + 2.0 NS 
Sinusoidal lumen (%) 4.8 + i .  1 11.3 _+ 2.3 < 0.05 
Stagnant sinusoidal red 3.9 _+ 1.3 2.1 + 0.4 NS 
cells (%) 
Sinusoidal leukocytes (%) 6 . 6 + 1 . 9  2.1+0.6 <0.05 
Endothelium (~ 13.2+1.5 9.4_+0.9 NS 

Discussion 

The primary aim of this study was to assess the 
histological effects of a diafiltered pentastarch (PDP) 
with a narrow range of medium molecular weights in an 
animal model of MODS. This was based on the recogni- 
tion that plasma volume expansion assumes an important 
part of the support of critically ill patients with multiple 
organ failure and its associated capillary leak. The physi- 
cal properties of PDP approach the ideals suggested for 
states of capillary leak [25, 26]. In our previous study 
with PDP in the faecal peritonitis model we titrated fluid 
to avoid haemoconcentration [22]. In the present study, 
recognising the common clinical approach to sepsis of 
maintaining a hyperdynamic circulation, we have titrated 
fluids in an attempt to maintain Qt at 25% above base- 
line values. We were particularly interested in the effects 
of PDP on structural organ changes compared to a more 
polydisperse pentastarch which contains smaller molecu- 
lar weight fractions, both solutions being used to treat to 
similar haemodynamic goals. We did not compare PDP 
with other colloid solutions since we were anxious to 
avoid the difference in degree of substitution or differ- 
ences in molecular structure as confounding factors in 
the analysis. 

The animal model 

Animal models have been used extensively for the investi- 
gation of therapeutic interventions in septic shock and 
multiple organ failure [6, 27-29]. The major problem 
with the interpretation of such animal data is that the 
septic shock produced has often been hypodynamic un- 
like the hyperdynamic state associated with human septic 
shock. Furthermore, animal models are often used to 
study single interventions in a controlled environment. 
Plasma volume expansion is a fundamental part of the re- 
suscitation of human septic shock but has often been ne- 
glected in animal models. 

In previous studies with the adolescent pig model [21] 
we have demonstrated reproducible histological evidence 
of MSOF after faecal peritonitis. Histology of the lungs 
showed reduced alveolar capillary patency with occlusion 
by degranulating neutrophils and lymphocytes. There was 
disruption of the capillary endothelium and alveolar 
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epithelium, and the type II pneumocytes showed loss of  
their lamellar bodies. Histology of  the liver showed oc- 
clusion of  the sinusoids by degranulating neutrophils and 
lymphocytes; there was Kupffer cell and endothelial cell 
hypertrophy with consequent narrowing of the sinusoidal 
lumina. These histological appearances are similar to 
those found in primate models of  sepsis and multiple or- 
gan failure [3]. 

Haemodynamic and oxygen transport responses 

The haemodynamic responses to plasma volume expan- 
sion were not significantly different between the groups. 
It is of interest that a 25% increase in Qt could not be 
achieved pre-infection in 2 animals of  group PSP, includ- 
ing one which subsequently died. Although the initial in- 
fusion of  colloid was prior to the faecal peritonitis there 
may have been some inflammation related to surgical 
trauma in the peritoneal cavity and therefore more rapid 
loss of  the smaller molecules of  PSP. It is difficult to 
comment on the abilities of  the solutions to achieve the 
desired therapeutic goals in the absence of  statistical sig- 
nificance, but PDP was more frequently associated with 
a satisfactory increase in Qt throughout the study peri- 
od. The infusion rates required to achieve and maintain 
the therapeutic goals were high (up to 1000 ml/h). This 
was due, in part, to the systemic capillary leak associated 
with multiple organ failure although the majority of the 
fluid loss was via the local site of  inflammation in the 
peritoneal cavity. 

The oxygen transport and VOa responses to fluid 
loading in the model were similar in the two groups. The 
trend towards a decrease in oxygen transport was primari- 
ly due to haemodilution. VO 2 was maintained in both 
groups and there was no increase in blood lactate levels. 
These responses are different to those obtained in our 
previous study [22] where there was a late fall in VO2 
and a late rise in lactate in both colloid groups. This sug- 
gests that attempts at maintaining a hyperdynamic circu- 
lation avoided the critically low levels of  DO2 below 
which VO2 would fall [30]. 

We must conclude that the haemodynamic and oxy- 
gen transport measurements made in this study revealed 
little difference between the two colloid solutions. This is 
perhaps not surprising since the therapeutic goal was the 
maintenance of  a high Qt. However, a criticism of  our 
attempts to mimic modern therapeutic goals for sepsis 
syndrome [7, 8] must be that we failed to increase DO 2. 

Fig. 4. a, b Pentaspan lung biopsies show thickened inter-alveolar septal 
walls (IS) with capillary patency much reduced by occluding neutro- 
phils (pmn), lymphocytes (Ly) and packed erythrocytes (er). The alveo- 
lar epithelium shows areas of bleb formation (b) and extra-vascular red 
cells are in the alveolar space (as). c, d Pentafraction lung biopsies show 
the inter-alveolar septal wall (IS) contains many thin walled capillaries 
with better pateucy and reduced occlusion by neutrophils (pmn) and 
lymphocytes (Ly). The alveolar epithelium shows less bleb formation 
and there are fewer extra vascular red erythrocytes in the alveolar space 
(as). Magnifications (a) • b • c • d • 

Thus we cannot exclude an inadequate DO 2 as a factor 
contributing to the severity of  the histological changes 
seen, even though VO2 was maintained. 

Histological responses 

There were considerable differences between the morpho- 
logical appearances of  lung biopsies in the two groups. 
The greater capillary patency in group PDP was sug- 
gestive of  better capillary blood flow due to reduced 
white cell occlusion and possibly due to reduced leakage 
to the pulmonary interstitium since there was also an in- 
creased mean alveolar-capillary barrier thickness in 
group PSP. These findings are in agreement with the 
findings of our previous study [22]. 

The hepatic sinusoidal changes demonstrated in this 
study of  porcine faecal peritonitis were similar to those 
seen previously in a similar model in untreated rabbits [6] 
and in rats [31] or monkeys [3] infused with live E. coli. 
Thus the maintenance of Qt and hepatic blood flow af- 
ter the induction of faecal peritonitis was not enough to 
prevent organ damage in the liver. The reduction in white 
cell occlusion of  the sinusoidal lumen in group PDP was 
similar to that seen for pulmonary capillaries. It is not yet 
clear why pentafraction should be associated with re- 
duced white cell occlusion in this model. The question is 
the subject of  current laboratory research. However, we 
know from other studies of pentafraction in animal mod- 
els that there is a reduction in capillary leak [20, 22]. It 
is unlikely that a reduction in capillary leak is related to 
different effects on Starling forces. Haemodynamic re- 
sponses were similar and since colloid osmotic pressure 
(COP) is a function of the number of  molecules in solu- 
tion [26] and the concentrations of  the study solutions 
were equal, PSP had a higher COP than PDP by virtue 
of its smaller molecular weight fractions. The question of 
the effect of  COP on capillary leak has been addressed 
previously. Zikria et al. demonstrated that a high COP 
associated with smaller molecules and a lower COP asso- 
ciated with larger molecules of 6~ dextran solutions did 
not produce differences in capillary permeability [20]. We 
showed that the intravascular COP response was similar 
despite differences in the COP of  study solutions when 
comparing hetastarch to PDP in our previous study in 
porcine faecal peritonitis [22]. Thus a reduction in 
capillary leak is presumed to be due to a pentafraction- 
endothelium interaction [32]. Although we believe that 
the medium molecular size is critical for such an interac- 
tion we do not know whether it is something that is pecu- 
liar to hydroxyethyl starches. The nature of  this interac- 
tion remains speculative but it is of course possible that 
it may reduce the interaction between endothelium and 
activated white cells. Whatever the mechanisms, both a 
reduction in capillary leak and a reduction in white cell 
capillary occlusion are useful features of  a colloid that is 
capable of providing plasma volume expansion in the 
sepsis syndrome. 

Acknowledgements. This study was supported by a grant from Du Pont 
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Fig. 5. a, b Pentaspan liver biopsies show hepatocytes (H) and many si- 
nusoid lumens (Sin) occluded by cell debris, leukcocytes (Ly), erythro- 
cytes (er) and neutrophils (pmn). The subendothelial space of Disse has 
become indistinct where the endothelium (end) has swollen. The 
hepatocyte mitochondria (mit) are swollen with indistinct cristae and a 
granular matrix, e, d Pentafraction liver biopsies show many patent si- 
nusoid lumens (Sin) with erythrocytes (er) and neutrophils (pmn). The 
subendothelial space of Disse (D) is distinct with a thin endothelium. 
The hepatocyte mitochondria (mit) show distinct cristae and a clear ma- 
trix. Magnifications a x900, b x3500, e x900, d x3500 

References 

1. Knaus WA, Draper EA, Wagner DP, Zimmerman JE (1985) Prog- 
nosis in acute organ-system failure. Ann Surg 202:685-693 

2. Cavanagh D, Rao PS, Sutton MC, Bhagat BD, Bachmann F (1970) 
Pathophysiology of endotoxic shock in the primate. Am J Obstet 
Gynecol 108:705-722 

3. Coalson J J, Hinshaw LB, Guenter CA, Berrell EL, Greenfield LJ 
(1975) Pathophysiologic responses of the subhuman primate in ex- 
perimental septic shock. Lab Invest 32:561-569 

4. Danek S J, Lynch JP, Weg JG, Dantzker DR (1980) The dependence 
of oxygen uptake on oxygen delivery in the aduk respiratory distress 
syndrome. Am Rev Respir Dis 122:387-395 

5. Jacob HS, Craddock PR, Hammerschmidt DE, Moldow CF (1980) 
Complement induced granulocyte aggregation. An unsuspected 
mechanism of disease. N Engl J Med 302:789-794 

6. Tighe D, Moss RF, Boghossian S, Heath MF, Chessum B, Bennett 
ED (1989) Multi-organ damage resulting from experimental faecal 
peritonitis. Clin Sci 76:269-276 

7. Shoemaker WC, Appel PL, Kram HB, Waxman K, Lee TS (1988) 
Prospective trial of supranormal values of survivors as therapeutic 
goals in high-risk surgical patients. Chest 94:1176-1186 

8. Edwards JD, Brown CS, Nightingale P, Slater R, Farragher EB 
(1989) Use of survivors' cardio-respiratory values as therapeutic 
goals in septic shock. Crit Care Med 17:1098-1103 

9. Ellman H (1984) Capillary permeability in septic patients. Crit Care 
Med 12:629-633 

10. Sugarman H J, Tatum JL, Burke TS, Strash AM, Glauser FL (1984) 
Gamma scintigraphic analysis of albumin flux in patients with 
acute respiratory distress syndrome. Surgery 95:674-681 

11. Fleck A, Raines G, Hawker F, Trotter J, Wallace PI, Ledingham 
IMcA, Colman KC (1985) Increased vascular permeability: a major 
cause of hypoalbuminaemia in disease and injury. Lancet 
I:781-783 

12. Groeneveld ABJ, Teule GJJ, Bronsvetd W, van den Bos GC, Thijs 
LG (1987) Increased systemic microvascular albumin flux in septic 
shock. Intensive Care Med 13:140-142 

13. Parker MM, Shelhamer JH, Bacharach SL, Green MV, Natanson 
C, Frederick TM, Damske BA, Parillo JE (1984) Profound but re- 
versible myocardial depression in patients with septic shock. Ann 
Intern Med 100:483-490 

14. Parker MM, McCarthy KE, Ognibene FP, Parillo JE (1988) Septic 
shock in humans produces similar patterns of left and right ventric- 
ular dysfunction and dilatation. Clin Res 36:373A 

355 

15. Ognibene FP, Parker MM, Natanson C, Shelhamer JH, Parillo JE 
(1988) Depressed left ventricular performance in response to vol- 
ume infusion in patients with sepsis and septic shock. Chest 
93:903 -910 

16. Haupt MT, Rackow EC (1982) Colloid osmotic pressure and fluid 
resuscitation with hetastarch, albumin, and saline solutions. Crit 
Care Med 10:159-162 

17. Demling RH, Manohar M, Will JA (1980) Response of the pulmo- 
nary microcirculation to fluid loading after haemorrhagic shock 
and resuscitation. Surgery 87:552-559 

18. Shoemaker WC, Schluchter M, Hopkins JA, Appel PL, Schwartz 
S, Chang P (1981) Fluid therapy in emergency resuscitation: clinical 
evaluation of colloid and crystalloid regimens. Crit Care Med 
9:367- 368 

19. Grotte G (1956) Passage of dextran molecules across the blood 
lymph barrier. Acta Chir Scand 211:1-84 

20. Zikria BA, King TC, Stanford J, Freeman HP (1989) A biophysical 
approach to capillary permeability. Surgery 105:625-631 

21. Tighe D, Moss R, Hynd J, Boghossian S, Al-Saady N, Heath MF, 
Bennett ED (1990) Pretreatment with pentoxyfllline improves the 
hemodynamic and histologic changes and decreases neutrophil ad- 
hesiveness in a pig fecal peritonitis model. Crit Care Med 
18:184-189 

22. Webb AR, Tighe D, Moss RF, A1-Saady N, Hynd JW, Bennett ED 
(1991) Advantages of narrow-range, medium molecular weight 
hydroxyethyl starch for volume maintenance in a porcine model of 
fecal peritonitis. Crit Care Med 19:409-416 

23. Delesse MA (1847) Proc6d6 m6canique pour d&erminer la compo- 
sition des roches. Comp Rend Acad Sci 25:544 

24. Weibel ER, Kistler GS, Scherle WF (1966) Practical sterological 
methods for morphometric cytology. J Cell Biol 30:23-38 

25. Webb AR, Barclay SA, Bennett ED (1989) In vitro colloid osmotic 
pressure of commonly used plasma substitutes: a study of the dif- 
fusibility of colloid molecules. Intensive Care Med 15:116-120 

26. Webb AR (1990) The physical properties of plasma substitutes. Clin 
Intensive Care 1:58-61 

27. Evans SF, Hinds CJ, Varley JG (1984) A new canine model of en- 
dotoxin shock. Br J Pharmacol 83:433-442 

28. Hinshaw LB, Beller BK, Archer LT, Flournoy DJ, White GL, Phil- 
lips RW (1979) Recovery from lethal Escherichia coli shock in dogs. 
Surg Gynecol Obstet 149:335- 340 

29. Perbellini A, Shatney CH, MacCarter DI, Lillehei RCA (1978) A 
new model for the study of septic shock. Surg Gynecol Obstet 
147:68-74 

30. Mohsenifar Z, Goldbach P, Tashkin DP (1983) Relationship be- 
tween oxygen delivery and oxygen consumption in the adult respira- 
tory distress syndrome. Chest 84:267-271 

31. Sato T, Tanaka J, Kono Y, Jones RT, Cowley RA, Trump BF (1982) 
Hepatic cellular injury following lethal Escherichia coli bacteremia 
in rats. Lab Invest 47:304-310 

32. Luckett PM, Silverstein SC, Zikria BA (1989) Hydroxyethyl starch 
(HES) decreases hydraulic conductivity (LP) of cultured endotheli- 
al monolayers. FASEBJ 3:A1309 

Dr. A.R. Webb, MB, MRCP 
Bloomsbury Department of Intensive Care 
Middlesex Hospital 
Mortimer Street 
London WIN 8AA 
UK 


