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Abstract

Objective: Reperfusion after hemorrhagic shock leads to lo-
cal and systemic inflammatory response. This study evalu-
ates the effect of a short-term treatment with standardized
human serum protein solution (SPS) on the local and sys-
temic inflammatory response in the mesenteric microcircu-
lation in the rat. Methods: Spontaneously breathing animals
underwent median laparotomy and exteriorization of an il-
eal loop for intravital microscopy of the mesenteric microcir-
culation. Volume-controlled hemorrhagic shock was set by
arterial blood withdrawal (2.5 mI/100 g body weight for
60 min), followed by reperfusion for4 h. SPS (n = 10) or saline
0.9% (controls, n = 10) was given intravenously as a continu-
ous infusion for 30 min at the beginning of reperfusion (‘pre-
hospital’). This was followed in both groups by substitution
of blood and normal saline to support blood pressure (‘in-
hospital’). Systemic hemodynamics, mesenteric microcircu-
lation and arterial blood gases were monitored before, dur-
ing and after shock, and for 4 h after initiation of reperfusion.
Results: SPS treatment markedly reduced leukocyte/endo-
thelial interaction, and reduced the need for intravenous flu-
ids compared to controls. For the entire observation period,

blood pH was unchanged from baseline only in SPS-treated
animals. The improvement of base excess and abdominal
blood flow persisted for 2 h after SPS infusion. Conclusion:
Short-term SPS treatment of hemorrhagic shock improved
mesenteric microcirculation, arterial blood gases and global
hemodynamics, and attenuated the inflammatory response
to reperfusion. It may provide clinical benefit when applied
at an early phase of reperfusion after hemorrhagic shock.
Copyright © 2006 S. Karger AG, Basel

Introduction

Reperfusion injury after hemorrhagic shock is orches-
trated by a variety of mechanisms such as generation of
oxygen radicals, complement activation, recruitment of
neutrophils, and enhanced coagulation states [1]. Impor-
tantly, the inflammatory-type reactions of reperfusion
injury significantly enhance tissue injury after hemor-
rhagic shock [1]. A number of different treatment strate-
gies for hemorrhagic shock have been explored, and
mainly solutions lacking anti-inflammatory properties
were used [2]. Among them was the use of hydroxyethyl
starch solution, which has provided significant benefit in
some experimental and clinical situations [3, 4]. How-
ever, despite these favorable effects there is controversy as
to whether the use of colloids has any advantages over
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crystalloids [5], and there is evidence that repeated infu-
sion of hydroxyethyl starch solutions might lead to an
unfavorable hepatic dysfunction [6]. Our own previous
work has highlighted the anti-inflammatory properties
of albumin solution, and Cl-esterase inhibitor after hem-
orrhagic shock. Cl-esterase inhibitor bolus treatment
significantly reduced the local inflammatory response
without having a marked effect on systemic hemody-
namics [7]. Compared to this, albumin infusion reduced
leukocyte/endothelial interaction, and improved mesen-
teric and systemic hemodynamics after hemorrhagic
shock substantially [8]. However, treatment of hemor-
rhagic shock with protein-containing solutions remains
controversial. The resulting protein load might worsen
pulmonary function in clinical conditions such as acute
pancreatitis and abdominal sepsis [9, 10]. Yet, this effect
was not seen with the use of albumin in early reperfusion
after hemorrhagic shock [8]. Further studies have high-
lighted the anti-inflammatory effect of albumin when
substituted for plasma protein during abdominal surgery
[11], and in lung injury following shock [12].

Since reperfusion injury is a complex situation, the use
of a ‘reperfusion cocktail’ counteracting major factors,
which contribute to reperfusion injury, might be useful.
A preparation, which naturally contains a variety of fac-
tors that might possibly exert beneficial effects in the set-
ting of reperfusion injury, is fresh-frozen plasma [13]. A
major disadvantage of fresh-frozen plasma is the limited
availability in a ‘pre-hospital” setting [14-16]. Alterna-
tively, a standardized solution of human serum protein
(SPS) [17-19] is commercially available for the ‘pre-hos-
pital’ phase of treatment, which does not require typing,
or delicate temperature management.

In the present study, we explored the effect of a short-
term SPS treatment on leukocyte/endothelial interaction,
and local and systemic hemodynamics after volume-con-
trolled hemorrhagic shock. Further, we addressed the hy-
pothesis whether SPS has beneficial effects on reperfu-
sion injury after hemorrhagic shock in addition to some
of its major components, such as albumin and Cl-ester-
ase inhibitor.

Materials and Methods

Experimental Conditions

Twenty-five male Sprague-Dawley rats were maintained on
standard rat chow and water ad libitum until the night before the
experiment. Rat chow was removed 10-12 h before the beginning
of the experiment to reduce intestinal peristalsis during intravital
microscopy. After anesthesia with urethane (1.25 g/kg BW i.m.,
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single dose), the femoral artery and jugular vein were cannulated
with small polyethylene tubes for arterial blood gas analysis, and
arterial and central venous blood pressure recordings. From each
rat, 250 pl of blood was drawn into heparinized syringes. Arte-
rial blood gases (PaO,, SO,, PCO,, pH, and base excess), hemo-
globin, hematocrit, lactate, potassium, and sodium, were ana-
lyzed with an arterial blood gas analyzer (ABL615, Radiometer,
Copenhagen, Denmark). After median laparotomy, a Doppler
flow transducer was placed around the abdominal aorta as previ-
ously described [20]. Hemodynamic data (abdominal blood flow
in the descending aorta), heart rate, systolic, mean and diastolic
arterial blood pressure, and central venous pressure, were record-
ed on a beat-to-beat basis using System 6 (Triton Technology, San
Diego, Calif., USA). Analogue data were digitized and recorded
online with a computer-based system (DASYLab, National In-
struments Corporation, Austin, Tex., USA). An electrocardio-
graminlead IT was recorded during the experiment to detect elec-
trocardiographic changes. Rectal temperature was kept constant
at37.5 £ 0.5°Cby means of a feedback-controlled homeothermic
blanket control unit (Harvard Apparatus, South Natick, Mass.,
USA). Animals were placed on a heating pad in a left lateral re-
cumbent position on an adjustable Plexiglas microscope stage. A
segment of the ileum was exteriorized through the abdominal
incision and prepared for in vivo microscopic observation as pub-
lished previously [7]. Intravital microscopy was performed with
epi- and trans-illumination observing three to five unbranched
mesenteric venules (diameter: 25-40 pwm; length: 100-150 pm)
(Axiotech fluorescence microscope with computer-controlled
scanning table [Carl Zeiss, Jena, Germany], AttoArc 100 W light
source [Atto Bioscience, Rockville, Md., USA]). Rhodamine-6G-
labeled leukocytes were counted using epi-illumination. Cell
counts were normalized to the endothelial surface assuming cy-
lindrical geometry. Off-line analysis of coded video recordings
was performed in a blinded manner.

Rats received a basal infusion with albumin in physiologic sa-
line for compensation of intra-operative loss and evaporative wa-
terloss (0.3 ml/h/100 gbody weight) after the central venous cath-
eter was placed as previously described [11]. In this study, stan-
dardized human serum protein solution (SPS) (Biseko®, Biotest
AG, Dreieich, Germany) was used during reperfusion (see ‘Ex-
perimental Protocol’). Biseko is a coagulation factor-depleted,
cold-sterilized serum preparation containing albumin, o;-anti-
trypsin, op-macroglobulin, antithrombin III, and IgA, IgM and
IgG.

Five animals died during the phase of systemic hypotension
before reperfusion, and were excluded from the study. Mean body
weights of SPS group and controls (saline 0.9%) were 290 = 10 g
and 286 * 11 g, respectively.

All investigative procedures and the animal facilities con-
formed to the Guide for the Care and Use of Laboratory Animals.
The regional animal care and use committee approved the proto-
col.

Experimental Protocol

After exteriorization and fixation of the mesentery, rats were
allowed to stabilize for 30 min and mesentery microcirculation
was observed for 5 h of experimental time. Volume-controlled
hemorrhagic shock was provoked during the first 10 min by with-
drawing 2.5 ml/kg body weight of arterial blood from the femoral
artery. The shed blood volume was transferred to citrate plasma

Lauterbach/Horstick/Kempf/
Weilemann/Miinzel/Kempski



tubes (citrate to blood ratio 1:10). After 60 min of systemic hypo-
tension, reperfusion was initiated. The reperfusion phase was di-
vided into a ‘pre-hospital’ phase of 30 min and an ‘in-hospital’
phase. Before reperfusion, animals were randomized to two
groups. The first group received SPS during the ‘pre-hospital’
phase (SPS group, n = 10), a second group (n = 10) receiving nor-
mal saline during this phase served as controls. During this ‘pre-
hospital’ phase, either SPS or normal saline was administered in-
travenously until a mean arterial blood pressure of 70 mm Hg was
reached. The ‘in-hospital’ phase started with administration of
red blood cells to compensate for the initial blood loss. Afterward,
all animals received fluid substitution (normal saline intrave-
nously) at the beginning of the ‘in-hospital’ phase. The minimum
infusion was normal saline at two times the shed blood volume
infused for the first 30 min after initial treatment with SPS or
normal saline. Thereafter, normal saline at the equivalent of at
least the shed blood volume was infused over 2 h, followed by
maintenance infusion with normal saline throughout the experi-
ment, so that mean arterial blood pressure did not decrease below
70 mm Hg.

Statistical Analysis

Data are presented as means = SEM. Statistical analysis was
performed with Sigma Stat® (SPSS Science Inc., Chicago, Ill.,
USA). Statistical significance of changes from baseline values
within each group was tested with analysis of variance (ANOVA)
for repeated measures. For nonparametric values, an ANOVA on
ranks was applied. Differences between groups were statistically
analyzed by one-way ANOVA. Likewise, ANOVA for nonpara-
metric values was used (Kruskal-Wallis test) with multiple com-
parison method (Student-Newman-Keuls test) where applicable.
Statistical significance was accepted at p < 0.05.

Results

Hemodynamics

Mean Arterial Blood Pressure, Heart Rate, Central Ve-
nous Pressure, and Volume Substitution. Immediately af-
ter induction of hemorrhagic shock, mean arterial blood
pressure decreased to below 40 mm Hg until 60 min of
the experimental time. After reperfusion, mean arterial
pressure increased during the first 30 min, and no differ-
ences were observed between the two experimental

groups (fig. 1). Heart rate was similar between the groups
at the beginning (SPS 368 * 15 bpm; controls: 358 *
16 bpm), increased significantly during systemic hypo-
tension after 60 min (SPS: 399 * 13 bpm; controls: 396
t+ 13 bpm, p < 0.05), and then plateaued until the end
(SPS: 437 £ 14 bpm; controls: 414 * 15 bpm).

Central venous pressure (CVP) increased in both
groups at the beginning of reperfusion and was signifi-
cantly higher at 60 min of reperfusion in the SPS group
(data not shown). CVP equalized in both groups after an
additional 60 min until the end of the observation pe-
riod.

Total volume substitution was significantly lower in
SPS-treated animals compared to controls (table 1). After
reperfusion, the volume needed for an equal increase in
mean arterial blood pressure was significantly smaller in
the SPS-treated group compared to control animals. Be-
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Fig. 1. Mean arterial blood pressure (MAP). Data are presented as
means * SEM. SPS = Standardized human serum protein solu-
tion; controls: saline 0.9%. Horizontal bold black bar = Infusion
of SPS or saline 0.9%.

Table 1. Volume substitution during
reperfusion at different time intervals

Time interval Total
1
1-15h  15-2h 2-3h  3-4h  4-5h vorme
SPS, ml 11£05 111 6%0.2 6xX0.1 4x2 38x2
Controls, ml 18x1*  12x1 10£2 11£2 9%2 60 £ 6*
SPS = Standardized human serum protein solution; controls = saline 0.9%.
* b < 0.05.
Eur Surg Res 2006;38:399-406 401
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Fig.2. Abdominal blood flow (ABF). Data are presented as means
+ SEM. SPS = Standardized human serum protein solution; con-
trols = saline 0.9%. Horizontal bold black bar = Infusion of SPS
or saline 0.9%. * Significant difference between the two groups,
p<0.05.

tween 3-4 and 4-5 h of reperfusion, the volume needed
to support mean arterial blood pressure was comparable
in both groups.

Abdominal Blood Flow. Abdominal blood flow in the
descending aorta is depicted in figure 2. There were no
differences between the two groups at the beginning and
after 1 h of systemic hypotension. Abdominal blood flow
increased after reperfusion at 90 min in both groups, and
was significantly higher in the SPS group at 60 and
120 min after the initiation of reperfusion.

Microcirculation

Centerline Velocity and Shear Rate. Venular diameters
did not differ significantly during the experiment. Cen-
terline velocity and shear rate at baseline were similar in
both groups and decreased in parallel during systemic
hypotension (fig. 3, and data not shown). Sixty minutes
after reperfusion, centerline velocity exceeded baseline
values in the SPS-treated group, whereas it remained at
or below baseline values in control animals. Elevation of
centerline velocity in the SPS group continued until the
end of the experiment, and was significant higher than in
controls 180 and 240 min after reperfusion (fig. 3). As
venular diameters did not significantly differ during the
observation period, shear rate paralleled centerline veloc-
ity values (baseline: SPS: 452 * 12 s7}, controls: 506 *
69 571,300 min: SPS: 414 * 30s7!, controls: 217 + 61 57!,
p <0.05).
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Fig. 3. Centerline velocity. Data are presented as means £ SEM.
SPS = Standardized human serum protein solution; controls =
saline 0.9%. Horizontal bold black bar = Infusion of SPS or saline
0.9%. * Significant difference between the two groups, p <0.05.
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Fig. 4. Rolling leukocytes. Data are presented as means £ SEM.
SPS = Standardized human serum protein solution; controls =
saline 0.9%. Horizontal bold black bar = Infusion of SPS or saline
0.9%. * Significant difference between the two groups, p < 0.05.

Rolling and Adherent Leukocytes. Number of rolling
and adherent leukocytes showed no significant differenc-
es between groups at the beginning of the experiment. A
marked increase of rolling leukocytes was registered dur-
ing systemic hypotension, with a further increase in the
control group over the following 4 h of reperfusion. The
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Fig.5. Adherentleukocytes. Data are presented as means £ SEM.
SPS = Standardized human serum protein solution; controls =
saline 0.9%. Horizontal bold black bar = Infusion of SPS or saline
0.9%. * Significant difference between the two groups, p <0.05.

number of rolling leukocytes approximately doubled
from baseline values in this group (fig. 4), and the in-
crease of adherent leukocytes was even more pronounced
in controls (five to six times baseline values) in contrast
to the SPS group (fig. 5).

Arterial Blood Gas Values

PaO, values for both groups did not differ at the begin-
ning (SPS: 85 = 4 mm Hg, controls: 86 = 2 mm Hg) or
the end of the experiments (SPS: 92 £ 10 mm Hg, con-
trols: 87 £ 2 mm Hg). Similar values were obtained for
Sa0, (data not shown).

Arterial PaCO, of all groups were comparable at base-
line (SPS: 41 * 1 mm Hg, controls: 41 £ 1 mm Hg), and
at the end of the experiments (SPS: 30 = 2 mm Hg, con-
trols: 34 * 2 mm Hg). PaCO, decreased significantly
during the experiments in both groups (p < 0.05).

Blood pH did not differ between the groups at the be-
ginning of the experiments (fig. 6). In control animals,
blood pH decreased after reperfusion, whereas it re-
mained at baseline values in the SPS-treated group until
the end of the experiments.

Base excess values are depicted in figure 7. In both
groups, base excess decreased 4-fold during systemic hy-
potension compared to baseline values. Base excess re-
mained at this level in controls until the end of the ex-
periments, whereas it significantly increased until 60 min

Anti-Inflammatory Treatment of
Hemorrhagic Shock with SPS

Fig. 6. Blood pH. Data are presented as means £ SEM. SPS =
Standardized human serum protein solution; control = saline
0.9%. Horizontal bold black bar = Infusion of SPS or saline 0.9%;
Pre- = before abdominal surgery. * Significant difference between
the two groups, p < 0.05.
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Fig. 7. Base excess. Data are presented as means £ SEM. SPS =
Standardized human serum protein solution; controls = saline
0.9%. Horizontal bold black bar = Infusion of SPS or saline 0.9%;
Pre- =before abdominal surgery. * Significant difference between
the two groups, p < 0.05.

after reperfusion in SPS-treated animals, and remained
significantly higher until 120 min after reperfusion com-
pared to controls (p < 0.05).

Eur Surg Res 2006;38:399-406 403
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Fig. 8. Hematocrit. Data are presented as means £ SEM. SPS =
Standardized human serum protein solution; controls = saline
0.9%. Horizontal bold black bar = Infusion of SPS or saline 0.9%;
Pre- =before abdominal surgery. * Significant difference between
the two groups, p < 0.05.

Hematocrit values were comparable at baseline, and
decreased 60 min after induction of hemorrhagic shock
(tig. 8). Hematocrit values were significantly different be-
tween both groups after the first 30 min of reperfusion
(SPS: 20.6 £ 1.0%, controls: 24.8 * 0.6%, p < 0.05),
which persisted for 2 h during reperfusion. At the end of
the ‘in-hospital” phase, hematocrit returned to approxi-
mately 30% in both groups.

Discussion

Early infusion of standardized human serum protein
solution (SPS) significantly reduced reperfusion injury
after hemorrhagic shock. The infusion of SPS improved
mesenteric microcirculation, systemic hemodynamics
and prevented acidosis. Further, SPS treatment signifi-
cantly reduced leukocyte recruitment to the mesenteric
microcirculation for the entire observation period.

Leukocyte-endothelium cell-cell interaction is known
to be one important step at the beginning of an inflam-
matory response syndrome, in parallel to contact activa-
tion and cytokine release [21-24]. In the acute phase of
reperfusion injury, neutrophils are recruited to the dam-
aged tissue, and since neutrophils promote acute inflam-
mation, leukocyte/endothelial interaction and neutro-
phil recruitment are usually used as a surrogate for in-
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flammatory tissue damage [25]. Reperfusion injury may
be an important source of organ failure and is applicable
to a wide variety of problems (aortic cross-clamping,
myocardial reperfusion injury, late resuscitation) [26].
Reductions of adherent and rolling leukocytes in the
mesenteric microcirculation after SPS administration
suggest an anti-inflammatory effect in the treatment of
reperfusion injury after hemorrhagic shock. SPS is a se-
rum preparation containing mainly albumin plus oy-an-
titrypsin, a,-macroglobulin and antithrombin III [19].
The observed anti-inflammatory properties of SPS could
therefore be the sum of several effects, such as free radical
scavenger activity and suppression of the release of reac-
tive oxygen species, effects that are well described for al-
bumin treatment [27-29]. Antithrombin is known to re-
duce the inflammatory response [30-32], and might
therefore exert a synergistic effect with albumin and oth-
er components of SPS.

The intermittent increase in central venous pressure
and abdominal blood flow observed during reperfusion
with SPS can be explained with a hyperoncotic effect of
SPS and an increase of intravascular volume. There is
good evidence that the use of hyperoncotic solutions
without direct anti-inflammatory properties during re-
suscitation can improve microcirculatory perfusion and
reduce reperfusion injury [33]. The question to be an-
swered is whether this could apply also for the beneficial
effects seen with SPS during resuscitation. In our study,
SPS was used to reverse systemic hypotension within a
short period, and the anti-inflammatory effect with a re-
duced number of rolling and adherent leukocytes per-
sisted until the end of the experiments. Further, center-
line velocity and shear rate in the microcirculation did
not differ significantly between the groups until 180 min
after initiation of reperfusion. Then again, abdominal
blood flow in the SPS-treated group reaches control group
levels 120 min after initiation of reperfusion. Hence, the
beneficial effect for the microcirculatory perfusion did
not show while abdominal blood flow was increased, and,
therefore, the observed effect cannot be sufficiently ex-
plained with enhanced global perfusion after SPS treat-
ment. Further studies are needed to show along-term im-
pact of hyperoncotic solutions on the microcirculatory
perfusion.

Animals treated with SPS needed significantly smaller
volumes of intravenous fluids to reverse systemic hypo-
tension, and significantly smaller total volumes to sup-
port blood pressure until the end of the experiments.
Clinical studies have shown that a requirement of large
volumes of crystalloid solutions in shock is associated
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with increased mortality [34], although no differences in
mortality were observed in the present study. Reperfu-
sion treatment in our study of volume-controlled hemor-
rhagic shock was blood pressure guided (approximately
70 mm Hg after 30 min of reperfusion) as this is common
in clinical practice. With the applied resuscitation policy,
mean arterial blood pressure was comparable in both
groups during the entire observation period. The benefi-
cial effects of aggressive fluid resuscitation to normalize
mean arterial blood pressure rapidly after hemorrhagic
shock in our study may not be copied to uncontrolled
shock situations, as this may promote mortality with un-
controlled bleeding [35-38]. Most likely because of the
volume expansion with SPS, hematocrit was substantial-
ly lower in SPS-treated animals during the first 2 h of re-
perfusion with an increase to comparable levels as in con-
trol animals thereafter. However, our results did show
any unfavorable effects on arterial oxygen pressure and
oxygenation during the first hours of hemorrhagic shock
therapy. Animals in our study were not intubated or me-
chanically ventilated. As unconscious patients with pro-
found hypotension usually receive airway management,
the model does not mimic clinical practice in this point.
However, refraining from the use of ventilatory support
allows studying the effect of compensatory hyperventila-
tion on acid-base metabolism. Oxygen uptake was unim-
paired throughout the whole observation period even
without ventilatory support. The early reperfusion strat-
egy with infusion of protein-containing solutions (SPS,
albumin [8]) for treatment of hemorrhagic shock is dif-
ferent from those encountered in abdominal sepsis, where
systemic inflammatory response syndrome is already
completely developed and infusion of protein-containing
solutions can worsen pulmonary function [9, 10].

As we showed in previous studies, either the use of a
Cl-esterase inhibitor or albumin markedly reduced re-
perfusion injury in the mesenteric microcirculation after
hemorrhagic shock [7, 8]. However, there was no effect on
blood pH after hemorrhagic shock as seen with SPS treat-
ment. SPS-treated animals and control animals hyper-
ventilated to comparable PaCO, levels. However, blood
pH was unchanged from baseline levels only in SPS-treat-
ed animals until the end of the observation period, which
might be explained with an additional buffer effect of SPS
[16]. From the data, it remains unclear why base excess is
only temporarily increased in SPS-treated animals. The
most likely explanation for this phenomenon is an initial
buffer effect of SPS that does not persist until the end of
the experiments with an increasing bicarbonate use to
balance pH after the effect of SPS faded.

Anti-Inflammatory Treatment of
Hemorrhagic Shock with SPS

There is ongoing debate on the optimal reperfusion
strategy in various shock situation and whether colloids
are superior to crystalloids, and most strategies aim at an
improved microcirculatory perfusion [3, 5]. However,
there is evidence that these reperfusion strategies do not
reduce the inflammatory component of reperfusion in-
jury [2]. As reperfusion injury is a complex situation with
activation of complement and other systems, a promising
strategy might be the use of an enriched ‘reperfusion
cocktail’ counteracting major routes that contribute to
reperfusion injury. Although the exact mechanisms by
which SPS improved acid/base balance and microcircula-
tion need to be further explored, the effects of SPS shown
in our functional study might guide towards an opti-
mized reperfusion solution.

During and after cardiopulmonary resuscitation, at-
tention is usually only paid to cardiac function, and suf-
ficient oxygen supply. After successful resuscitation, pa-
tients are then explored for brain damage as this usually
determines the ultimate fate of a patient. However, sig-
nificant complications after successful resuscitation in-
clude pulmonary infection and sepsis with multiple or-
gan failure [39]. The role of mesenteric hypoperfusion
and reperfusion injury in the setting of circulatory shock
are probably underestimated. Further studies are needed
to determine the impact of gut reperfusion injury on
complications and outcome, and to find a treatment to
prevent excessive gut reperfusion injury after circulatory
shock.

In conclusion, SPS infusion during early reperfusion
after hemorrhagic shock improved microcirculatory per-
fusion, systemic hemodynamics, reduced leukocyte/en-
dothelium interaction, and prevented metabolic acidosis.
Our results point to the potential clinical relevance of
early SPS administration in patients with hemorrhagic
shock.

Acknowledgments

We thank Mr. Kopacz and Mr. Malzahn for their excellent
technical assistance. This research was supported by the Robert-
Miiller-Foundation and the University of Mainz (MAIFOR).

Eur Surg Res 2006;38:399-406 405



—

10

11

12

References

Kurose I, Argenbright LW, Wolf R, Lianxi L,
Granger DN: Ischemia/reperfusion-induced
microvascular dysfunction: role of oxidants
and lipid mediators. Am J Physiol 1997;272:
H2976-H2982.

Alam HB, Stanton K, Koustova E, Burris D,
Rich N, Rhee P: Effect of different resuscita-
tion strategies on neutrophil activation in a
swine model of shock. Resuscitation 2004;
60:91-99.

Vajda K, Szabo A, Boros M: Heterogeneous
microcirculation in the rat small intestine
during hemorrhagic shock: quantification of
the effects of hypertonic-hyperoncotic re-
suscitation. Eur Surg Res 2004;36:338-344.
Allison KP, Gosling P, Jones S, Pallister I,
Porter KM: Randomized trial of hydroxy-
ethyl starch versus gelatine for trauma resus-
citation. ] Trauma 1999;47:1114-1121.
Alderson P, Schierhout G, Roberts I, Bunn F:
Colloids versus crystalloids for fluid resusci-
tation in critically ill patients. Cochrane Da-
tabase Syst Rev 2000CD000567.

Christidis C, Mal F, Ramos ], Senejoux A,
Callard P, Navarro R, Trinchet JC, Larrey D,
Beaugrand M, Guettier C: Worsening of he-
patic dysfunction as a consequence of re-
peated hydroxyethylstarch infusions. ] Hep-
atol 2001;35:726-732.

Horstick G, Kempf T, Lauterbach M, Bhakdi
S, Kopacz L, Heimann A, Malzahn M, Hor-
stick M, Meyer ], Kempski O: Cl-esterase-
inhibitor treatment at early reperfusion of
hemorrhagic shock reduces mesentric leu-
kocyte adhesion and rolling. Microcircula-
tion 2001;8:427-433.

Horstick G, Lauterbach M, Kempf T, Bhakdi
S, Heimann A, Horstick M, Meyer J, Kemp-
ski O: Early albumin infusion improves
global and local hemodynamics and reduces
inflammatory response in hemorrhagic
shock. Crit Care Med 2002;30:851-855.
Ernest D, Belzberg AS, Dodek PM: Distribu-
tion of normal saline and 5% albumin infu-
sions in septic patients. Crit Care Med 1999;
27:46-50.

Byrne K, Tatum JL, Henry DA, Hirsch JI,
Crossland M, Barnes T, ThompsonJA, Young
J, Sugerman HJ: Increased morbidity with
increased pulmonary albumin flux in sepsis-
related adult respiratory distress syndrome.
Crit Care Med 1992;20:28-34.

Horstick G, Lauterbach M, Kempf T, Ossen-
dorf M, Kopacz L, Heimann A, Lehr HA,
Bhakdi S, Horstick M, Meyer J, Kempski O:
Plasma protein loss during surgery: benefi-
cial effects of albumin substitution. Shock
2001;16:9-14.

Powers KA, Kapus A, Khadaroo RG, He R,
Marshall JC, Lindsay TF, Rotstein OD:
Twenty-five percent albumin prevents lung
injury following shock/resuscitation. Crit
Care Med 2003;31:2355-2363.

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Ho AM, Karmakar MK, Dion PW: Are we
giving enough coagulation factors during
major trauma resuscitation? AmJ Surg 2005;
190:479-484.

Ledgerwood AM, Lucas CE: A review of
studies on the effects of hemorrhagic shock
and resuscitation on the coagulation profile.
J Trauma 2003;54:S68-S74.

Martin DJ, Lucas CE, Ledgerwood AM,
Hoschner ], McGonigal MD, Grabow D:
Fresh frozen plasma supplement to massive
red blood cell transfusion. Ann Surg 1985;
202:505-511.

Traverso LW, Hollenbach SJ, Bolin RB, Lang-
ford MJ, DeGuzman LR: Fluid resuscitation
after an otherwise fatal hemorrhage. II. Col-
loid solutions. ] Trauma 1986;26:176-182.
Stephan W: Activity and storage stability of
proteins in a hepatitis-free human serum
preparation. Arzneimittelforsch 1982;32:
802-806.

Langner ], Thiem M, Bohning V: Compara-
tive determination of the antiproteolytic po-
tential of therapeutically used blood protein
preparations. Int J Mol Med 1999;4:605-
610.

Kotitschke R, Stephan W: Inhibitory and im-
munological profile of therapeutic serum
protein solutions. Infusionsther Klin Ernahr
1985;12:48-53.

Lauterbach M, Horstick G, Plum N, Hei-
mann A, Becker D, Weilemann LS, Miinzel
T, Kempski O: Prolonged recirculation is re-
quired to detect secondary metabolic and
hemodynamic deterioration after superior
mesenteric artery occlusion. Clin Hemorhe-
ol Microcirc 2005;32:1-12.

Damas P, Ledoux D, Nys M, Vrindts Y, De
Groote D, Franchimont P, Lamy M: Cyto-
kine serum level during severe sepsis in hu-
man IL-6 as a marker of severity. Ann Surg
1992;215:356-362.

Cameron EM, Wang SY, Fink MP, Sellke FW:
Mesenteric and skeletal muscle microvascu-
lar responsiveness in subacute sepsis. Shock
1998;9:184-192.

Gando S, Nanzaki S, Kemmotsu O: Dissem-
inated intravascular coagulation and sus-
tained systemic inflammatory response syn-
drome predict organ dysfunctions after
trauma: application of clinical decision anal-
ysis. Ann Surg 1999;229:121-127.

Schmidt W, Stenzel K, Gebhard MM, Martin
E, Schmidt H: Cl-esterase inhibitor and its
effects on endotoxin-induced leukocyte ad-
herence and plasma extravasation in post-
capillary venules. Surgery 1999;125:280-
287.

Mayadas TN, Cullere X: Neutrophil beta2
integrins: moderators of life or death deci-
sions. Trends Immunol 2005;26:388-395.
Khalil AA, Aziz FA, Hall JC: Reperfusion in-
jury. Plast Reconstr Surg 2006;117:1024-
1033.

406

Eur Surg Res 2006;38:399-406

27

28

29

30

31

32

33

34

35

36

37

38

39

Caraceni P, Gasbarrini A, Van Thiel DH,
Borle AB: Oxygen free radical formation by
rathepatocytes during postanoxic reoxygen-
ation: scavenging effect of albumin. Am J
Physiol 1994;266:G451-G458.

Nathan C, Xie QW, Halbwachs-Mecarelli L,
Jin WW: Albumin inhibits neutrophil
spreading and hydrogen peroxide release by
blocking the shedding of CD43 (sialophorin,
leukosialin). J Cell Biol 1993;122:243-256.
Russell J, Okayama N, Alexander JS, Granger
DN, Hsia CJ: Pretreatment with polynitroxyl
albumin (PNA) inhibits ischemia-reperfu-
sion induced leukocyte-endothelial cell adhe-
sion. Free Radic Biol Med 1998;25:153-159.
Esmon CT: Role of coagulation inhibitors in
inflammation. Thromb Haemost 2001;86:
51-56.

Salvatierra A, Guerrero R, Rodriguez M, Al-
varez A,SorianoF, Lopez-PedreraR,Ramirez
R, Carracedo J, Lopez-Rubio F, Lopez-Pujol
J, Velasco F: Antithrombin III prevents early
pulmonary dysfunction after lung trans-
plantation in the dog. Circulation 2001;104:
2975-2980.

Mizutani A, Okajima K, Uchiba M, Isobe H,
Harada N, Mizutani S, Noguchi T: Anti-
thrombin reduces ischemia/reperfusion-in-
duced renal injury in rats by inhibiting leu-
kocyte activation through promotion of
prostacyclin production. Blood 2003;101:
3029-3036.

Wettstein R, Erni D, Intaglietta M, Tsai AG:
Rapid restoration of microcirculatory blood
flow with hyperviscous and hyperoncotic
solutions lowers the transfusion trigger in
resuscitation from hemorrhagic shock.
Shock 2006;25:641-646.

Heckbert SR, Vedder NB, Hoffman W, Winn
RK, Hudson LD, Jurkovich GJ, Copass MK,
Harlan JM, Rice CL, Maier RV: Outcome af-
ter hemorrhagic shock in trauma patients, J
Trauma 1998;45:545-549.

Deitch EA: Animal models of sepsis and
shock: a review and lessons learned. Shock
1998;9:1-11.

Capone A, Safar P, Stezoski SW, Peitzman A,
Tisherman S: Uncontrolled hemorrhagic
shock outcome model in rats. Resuscitation
1995;29:143-152.

Capone AC, Safar P, Stezoski W, Tisherman
S, Peitzman AB: Improved outcome with
fluid restriction in treatment of uncontrolled
hemorrhagic shock. ] Am Coll Surg 1995;
180:49-56.

Kentner R, Safar P, Prueckner S, Behringer
W, Wu X, Henchir J, Ruemelin A, Tisherman
SA: Titrated hypertonic/hyperoncotic solu-
tion for hypotensive fluid resuscitation dur-
ing uncontrolled hemorrhagic shock in rats.
Resuscitation 2005;65:87-95.

Adrie C, Laurent I, Monchi M, Cariou A,
Dhainaou JF, Spaulding C: Postresuscitation
disease after cardiac arrest: a sepsis-like syn-
drome? Curr Opin Crit Care 2004;10:208-
212.

Lauterbach/Horstick/Kempf/
Weilemann/Miinzel/Kempski





