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Small-volume resuscitation by means of bolus infusion of hypertonic saline solutions was first applied for the primary treatment of
severe hemorrhagic and traumatic shock and promptly restored central hemodynamics and regional organ blood flow. Mechanisms
of action are diverse - /. maintenance of high cardiac output (direct myocardial stimulation; increase in intravascular volume); ii.
maintenance of peripheral arterial vasodilation (effect of hyperosmolality; plasma volume effect) and iii. reduction of tissue edema
(shifting of tissue water along the osmotic gradient). These mechanisms promote the restoration of the severely impaired microcircu-
lation frequently seen also in sepsis. Hypertonic volume therapy has been the object of several experimental studies of acute
hyperdynamic endotoxemia, however, a greater number of clinical studies have to be developed for the better understanding of the
positive, and perhaps hazardous, effects of small-volume resuscitation in sepsis and multiple organ failure. The aim of this paperis to
review the concepts involving such solutions, and their potential use in treatment of profound hypovolemia and microcirculatory
deterioration associated with sepsis and endotoxic shock.
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INTRODUCTION hospital care by rapid resuscitation from hypovolemia and
systemic hypotension. Besides ventilatory assistance,
primary resuscitation from severe trauma and shock aims
I“jm’)’ is the leading cause of morbidity and mortality  at cardiocirculatory support by vigorous volume therapy

in both males and females under 45 years of age and  and eventually vasoactive drugs to ensure peripheral

the third cause in the general population, preceded only  oxygen delivery.
by cardiovascular diseases and cancer (2, 42). Efforts to Severe hypovolemia and traumatic shock cause a
reduce trauma deaths focus on the improvement of pre-  significant reduction in splanchnic blood flow and
ischemic injury of the intestinal mucosa (16, 32). Shock
and hypoperfusion, cause mucosal injury, and result in the
subsequent translocation of bacteria and toxins from the
gut lumen into the systemic circulation (3). The concept
of the reperfusion lesion by generation of oxygen free
radicals via the enzyme xanthine oxidase, which has its
highest concentration in the villous tip of the intestinal
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The recognition that gut failure and that of distant
organs may be causally related has led to heralding the
gut as the “motor” of multiple system organ failure (8,
13). Systemic sepsis and late multiple system organ failure
are the most frequent, and often fatal complications of
trauma and major surgery (7, 12, 51).

The primary factor rendering patients at risk for
developing multiple system organ failure after shock and
trauma is the persistence of impaired micro-circulation
with its sequelae for cellular and organ function (6, 42).
As a consequence of prolonged low flow state, associated
with massive blood loss and tissue trauma, nutritional
blood flow and oxygen delivery are compromised (29, 30).
The capillaries’ lumen becomes narrowed due to swelling
of endothelial cells and the adhesion of activated
polymorphonuclear leukocytes (PMNL) to the
endothelium are phenomena that may completely abolish
local flow. In addition, the interaction of PMNL with the
venular endothelium is enhanced by the liberation of toxic
oxygen species (20) and followed by the release of
vasoactive mediators (26), promoting further redistribution
of tissue perfusion and impediment of nutritional flow (6,
42).

Microcirculatory failure present during established
sepsis is developed and sustained by the direct action of
endotoxin and the release of vasoactive mediators (21).
Cytokines such as interleukin-1 and interleukin-6 and
tumor necrosis factor are able to elicit many of the systemic
effects characteristically seen during endotoxemia (17, 43).
These cytokines have also recently been shown to occur
in the bloodstream as a response to hemorrhage and tissue
trauma (14). The ensuing activation of cascade systems
and PMNL-endothelial interaction favor a significant
redistribution of capillary perfusion within the
microvascular network, resulting in a critical overall
reduction in nutritional blood flow (9, 42, 50).
Microcirculatory failure is thus regarded as a predominant
mechanism for inadequate oxygen extraction, which
develops as early as the initial hyperdynamic phase of
septic shock (5, 42, 48).

The hypertonic small-volume treatment with
hypertonic saline solutions has been validated in various
experimental models of severe hemorrhagic shock and in
pre-hospital and emergency room care trials of trauma
patients. Data from these papers have demonstrated the
efficacy of hypertonic volume therapy in restoring central
hemodynamics and in normalizing the affected
microcirculation. Hence, prevention of early deaths and
late complications, such as sepsis and multiple system
organ failure, has stimulated the investigation of the
feasibility of this new concept involving volume
replacement in sepsis and endotoxic shock.

CONCEPT OF “SMALL-VOLUME
RESUSCITATION”

Experimental data on small-volume resuscitation of
dogs subjected to severe hemorrhagic shock, which was
lethal in animals treated with isotonic saline, were
published in 1980. The authors demonstrated that 7.5%
saline infused in a volume equivalent to only 10% of the
shed blood volume rapidly increased systemic pressure
and restored cardiac output, thus allowed 100% long-term
survival of dogs (52).

De Felippe et al., described the hypertonic small-
volume therapy on 12 intensive care patients in
hypovolemic shock refractory to conventional treatment.
In these patients, the shock state was reserved after
intravenous injections of 100-400 ml of 7.5% sodium
chloride - given 50 ml at a time - by a rise in arterial
pressure, improvement of urine flow and recovery of
consciousness (15).

In the past few years, various research groups
developed the novel concept of primary resuscitation by
means of hypertonic saline solutions and demonstrated
that, even in the presence of a 50% blood loss, a volume
as small as 4 ml/kg body weight of 7.2%-7.5% sodium
chloride is enough to instantaneously restore cardiac output
and to significantly increase systemic pressure (27, 30).
During small-volume resuscitation the hypertonic saline
solution is given for 2-5 min through a peripheral vein;
this mode of administration results in a rapid and
pronounced increase in the plasma sodium concentration
and thereby initiates a steep transmembraneous osmotic
gradient. The most important mechanism of action of
hypertonic solutions is the instantaneous mobilization of
endogenous fluid along the osmotic gradient with an
increase intravascular volume (27, 38); in addition, direct
myocardial stimulation, central nervous system (CNS)
stimulation, neurogenic reflex mechanisms, enhanced
sympathetic discharge, hormone release, improvement of
blood fluidity, re-establishment of spontaneous arteriolar
vasomotion, and peripheral arterial vasodilation are
involved (27). Most recent studies suggest that the rapid
cardiovascular response to hypertonic solutions might be
partly mediated by the release of eicosanoids (36).

In severe hypovolemia, bolus infusion of 4 ml/kg
body weight 7.2%-7.5% saline solution has been shown
to lead to an increase in plasma volume by 8-12 ml/kg
body weight (45, 49). Mazzoni et al., have calculated that,
after a 20% blood loss, 7.5% saline solution given over
10 sec in an amount equivalent to one-seventh of the actual
blood loss, re-establishes normal blood volume within one
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min (38). These authors ascribe the instantaneous volume
effect to the rapid influx of fluid from the microvascular
endothelium, red blood cells, and the interstitium.

HYPERTONIC SALINE / DEXTRAN
RESUSCITATION

Several authors have reported the transient response
of the cardiovascular system after small-volume
resuscitation using exclusively hypertonic sodium chloride
(27). In order to preserve the intravascular volume gain,
7.2%-7.5% saline solution has been combined with
colloids, i.e., dextran 60/70 or hydroxyethylstarch, to elicit
a synergistic effect by increasing plasma osmolality and
providing high plasma oncotic pressure (8, 24, 27). Animal
studies have revealed that, compared with hypertonic
sodium chloride alone, hypertonic saline 6% dextran 70
causes only a slightly better initial response, but clearly
leads to a more sustained circulatory response and an
increased survival (253, 34, 49, 53). Based on original work
published by Smith et al. (49), Kramer and co-workers
recently reported that hypertonic sodium chloride mixed
with 6% dextran 70 given after severe hemorrhage over
two hours restored cardiac output for at least 180 min,
which was significantly longer than hypertonic saline
solution alone or 6% dextran 70 in isotonic saline (25).

The concept of applying small volumes of hypertonic
saline/dextran solution for primary resuscitation from
severe hypovolemia has proven to be effective in a
prospectively randomized study of trauma patients. As
compared to Ringer’s lactate, bolus infusion of 250 ml
7.5%NaCl 4.2%dextran 70 at the site of the accident
resulted in a higher systemic pressure (49 mmHg vs 19
mmHg) and higher survival rate (8/10 patients vs 3/10
patients) (22). In an extension of their first study, in 1989
Holcroft et al., reported a study involving 60 trauma
patients in a randomized, prospective double-blind trial.
The administration of 7.5% saline/dextran resulted in
higher blood pressure when the patients reached the
emergency room as compared to Ringer’s lactate given in
the same amount (250 ml), and followed by conventional
fluid therapy. The 30-day-survival rate was significantly
higher after small-volume resuscitation using hypertonic
saline/dextran (23).

Mattox et al., in 1991, analyzed 359 patients with a
mean Injury Severity Score (ISS) of 19, who received either
250 ml 7.5% saline in 6% dextran 70 or Ringer’s lactate,
followed by conventional therapy. There was no difference

in overall survival within the first 24 hours; however, in
the subgroup of patients requiring surgery and those with
a penetrating injury, hypertonic saline/dextran infusion
proved to be superior to Ringer’s lactate (p <0.02 and p <
0.01, respectively). In addition, there were fewer
complications (acute respiratory distress syndrome, renal
failure, coagulopathy) than in the standard treatment group
(37). The use of hypertonic saline/dextran solutions has
proven to be safe in patients, as Holcroft et al. (23),
Maningas et al. (35), and Mattox et al. in the USA
multicenter trial (37), did not encounter any adverse effects.
In particular, no anaphylactoid reactions or dextran-related
coagulopathies were observed.

EFFECT OF SMALL-VOLUME
RESUSCITATION ON THE
MICROCIRCULATION IN TRAUMA AND
SHOCK

Microcirculatory impairment, with its sequelae
affecting cellular and organ function, is a challenging factor
after primary resuscitation from severe trauma. The
persistence of this condition may trigger a systemic
inflammatory response and multiple system organ failure.
Kramer et al., demonstrated an increase in oxygen
consumption in unanesthetized adult sheep resuscitated
from severe hemorrhage by 7.5%saline 6%dextran 70 in
a dose equivalent to 10% of blood loss (24). In addition,
Nakayama et al., described the reversal of cellular
abnormalities after hemorrhagic shock in rats (46). These
laboratory findings confirm the positive results from the
above cited pre-clinical trials, and have received substantial
support from recent experimental studies on the effect of
small-volume resuscitation with hypertonic solutions on
organ and nutritional blood flow (29, 30, 33, 47). Our
experimental data previously published, based on studies
employing radioactive microspheres in protracted
traumatic-hemorrhagic shock with a 50% blood loss, have
demonstrated that nutritional blood flow significantly
increases within 5 min of i.v. bolus infusion of only 4 ml/
kg body weight 7.2% saline, while the peripheral shunt
flow remains far below pre-hemorrhage levels (29). The
addition of hyperoncotic (10%) dextran 60 not only
prolongs but also significantly enhances the
microcirculatory effect of 7.2% saline alone (Table 1)-
infusion of 4 ml/kg body weight of 10% dextran 60 in
7.2% saline solution in our experiments completely
restored nutritional blood flow in kidney, gastric mucosa,
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TABLE 1
Comparative evaluation of the mechanisms involved in small-volume
resuscitation using 7.2%-7.5% saline and 6%-12% dextran 60/70 solution

7.2%-7.5% NaCl 6%-12% Dextran 60/70

1. Restoration of plasma volume

2. Vasodilation

3. Myocardial stimulation

4. Hemodilution with improvement in blood fluidity
5. Restoration of spontaneous arteriolarvasomotion
6. Reduction of leukocyte/endothelial interaction

++ + + +
++ +
+ + +
+ + + 4+ +
+ + +
0 ++

small intestine, colon and pancreas. Despite similar
changes of the central hemodynamic parameters (systemic
pressure, cardiac output), blood flow to these organs
remained significantly lower after hypertonic saline
resuscitation without dextran (29).

One reason for the superiority of the hypertonic-
hyperoncotic saline/dextran solution appears to be the high
oncotic power and water binding capacity of concentrated
dextran solution- the 25 g dextran infused with, e.g. 250
ml 10% dextran 60, will have the ability to keep 500-625
ml water in the intravascular space. This maintains the
circulatory effect elicited by the hypertonic saline solution,
as compared to the addition of a less concentrated solution,
1.e., 6% dextran 60, (water binding capacity 300-375 ml/
250 ml 6% dextran solution). Furthermore, Bayer and co-
workers have recently presented their data on the
microcirculatory effects of hypertonic-hyperoncotic
dextran solution after ischemia/reperfusion injury in the
hamster dorsal skin fold model (4). These authors
demonstrated that upon 4 h ischemia and reperfusion of
striated muscle, the number of leukocytes adhering to the

Table 2
Effects of small-volume resuscitation
using 7.2%-7.5% saline/dextran solution

Systemic pressure ™
Cardiac output PN
Vascular resistance N
Nutritional blood flow 11
Urinary output b
Survival rate ™

endothelium of postcapillary venules was significantly
reduced over 24 h postreperfusion after bolus infusion of
hypertonic saline/dextran solution, whereas the hypertonic
saline alone did not exhibit a significantly protective effect
on postischemic leukocyte/endothelial interaction. Based
on laboratory investigation on uncontrolled hemorrhage
in anesthetized rabbits, hypertonic saline/dextran has been
suggested to increase “intrinsic” microvascular reactivity,
and thus lead to more efficient cardiodynamic
improvement than conventional resuscitation with Ringer’s
lactate given even at 8.5 times the infusion volume of
hypertonic saline/dextran (11).

HYPERTONIC SOLUTIONS IN SEPSIS AND
ENDOTOXIN SHOCK

After the initial experimental work by Velasco and
co-workers (52) and the clinical observations of De Felippe
et al. on intensive care patients (15), various research
groups started to investigate the circulatory effect of
hypertonic solutions in standardized animal models of
hemorrhagic shock, whereas data on its effect on
experimental models of sepsis and endotoxin shock have
remained scarce.

The infusion of hypertonic solutions with an
osmolality of 2400 mosmol/kg containing 50% glucose,
insulin and potassium (GIK), is known to improve
myocardial performance in septic shock in dogs (10).
Mullins and Hudgens reported that a small volume of
hypertonic saline -1.2 ml/kg of 1080 mmol sodium/1 (6.3%
NaCl solution) given over 90 min. resuscitated dogs in
endotoxin shock to the same extent as the identical amount
of sodium given as isotonic Ringer’'s lactate (44).
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Treatment with hypertonic saline was associated with a
smaller increase in skin and subcutaneous tissue lymph
flow, indicating less interstitial edema formation. Recently,
Armistead et al., compared the effect of 10 ml/kg body
weight hydroxyethylstarch (HES 450/0.7) in 0.9% NaCl
with hydroxyethylstarch in 7.5% NaCl given over 30 min
for initial fluid resuscitation in septic shock in dogs (1).
Arterial pressure, cardiac filling pressures, cardiac output,
stroke volume, oxygen delivery and oxygen consumption
reached higher values after the administration of the
hypertonic saline/hydroxyethylstarch as compared to
isotonic hydroxyethyl starch; however, the fluid
requirements during the subsequent 3 h were not
significantly different between the two groups.

Based on the favorable results obtained in our
previous studies on small-volume resuscitation from
hemorrhagic (30) as well as traumatic-hemorrhagic
hypotension (29), we have analyzed the efficacy of
hypertonic-hyperoncotic solution in a standardized model
of acute porcine endotoxemia. Our model is characterized
by a high cardiac output/low peripheral resistance
circulatory state during sustained i.v. infusion of endotoxin,
with vigorous volume support in order to maintain the
normal left ventricular filling pressure (28). In these
experiments, 4 ml/kg body weight of hypertonic (7.2%)
saline combined with hyperoncotic (10%) dextran 60
solution were given as bolus infusion over 2 min after 30
min of hyperdynamic endotoxemia (31). Small-volume
resuscitation with hypertonic saline/dextran solution led
to a significantly increase in cardiac index within less than
5 min, while systemic pressure remained unaffected. The
hyperdynamic circulatory state was maintained throughout
the ensuing 3 h observation period, during which only a
fraction of the amount of conventional 6%dextran 60 had
to be substituted as compared to a control group without
preinjection of hypertonic saline/dextran. Systemic oxygen
delivery, as well as blood flow to heart, kidneys, and
splanchnic organs, remained high (31).

The following mechanisms are responsible for the
effects of hypertonic volume therapy in hyperdynamic
sepsis and endotoxin shock - i. maintenance of high cardiac
output (direct myocardial stimulation; increase in preload);
ii. maintenance of peripheral vasodilatation (direct effect
of hyperosmolality; volume effect); iii. reduction of tissue
edema (shifting tissue water). These three mechanisms
promote the restoration of the severely impaired
microcirculation.

Furthermore, small-volume resuscitation reduces
blood viscosity due to the concurrent hemodilution, thereby
improving the fluidity of blood through the capillaries, an
effect that is even more pronounced when hypertonic saline

is combined with a colloid which itself exhibits positive
rheologic properties. The specific action of hypertonic
saline resuscitation at the microcirculatory level has been
emphasized by Mazzoni and co-workers (38), who
concluded from their model analysis on blood volume
restoration after hemorrhage, that mobilization of fluid out
of the endothelium is most pronounced in those capillaries
with swollen endothelium, a condition that is frequently
observed after sustained periods of even focal ischemia.
This shift of fluid from the endothelium increases the
luminal diameter, and thus reduces the hydraulic resistance
of capillaries. The same authors demonstrated the
reopening of shock-narrowed capillaries upon infusion of
7.5%NaCl 6%dextran 70 in the tenuissimus muscle of
rabbits in hemorrhagic shock (39).

CLINICAL APPLICATION OF SMALL-
VOLUME RESUSCITATION

The promising reports from pre-clinical studies about
the efficacy of small-volume resuscitation using hypertonic
saline/dextran solutions for primary treatment of severe
trauma and hemorrhage (22, 23, 35), and the potentially
favorable operational mechanisms, particularly at the level
of the microcirculation, have initiated clinical
investigations in intensive care patients (27). Recently,
Hannemann and co-workers reported on preliminary data
obtained from critically ill patients with sepsis or acute
respiratory distress syndrome. The authors demonstrated
the efficacy of 2-4 ml/kg body weight of 7.5% hypertonic
saline combined with 6% hydroxyethylstarch on central
hemodynamics and oxygen metabolism (18); at the end
of the 15 min infusion period, the cardiac index had
increased, as had pulmonary capillary wedge pressure,
mean pulmonary artery pressure, oxygen delivery and
oxygen consumption, while peripheral resistance was
found to have decreased.

COMMENTS

The novel concept of small-volume resuscitation
using hypertonic solutions has been validated in various
experimental models of severe hypovolemia and shock.
Data from these experiments have demonstrated the
efficacy of hypertonic saline/dextran solution with regard
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to the restoration of central hemodynamics and the
normalization of compromised microcirculation. Besides
rapid restoration of macrohemodynamics and the
prevention of early deaths, small-volume resuscitation
particularly aims at the prevention of late complications,
such as sepsis and multiple systems organ failure, on the
basis of persisting microcirculatory disturbances.

A prospective and randomized multicenter trial in
critically ill patients in order to assess the efficacy of
hypertonic volume therapy versus conventional fluid
treatment in the hyperdynamic state of septic shock is
underway.

The novelty of hypertonic saline/dextran
resuscitation lies in its operational mechanisms at the
microcirculatory level; these include the mobilization of
fluid preferentially from swollen endothelium, the
reduction of postischemic leukocyte adherence to the
endothelium of postcapillary venules, and the restoration
of spontaneous arteriolar vasomotion. Reopening of
shock-narrowed capillaries and restoration of nutritional
blood flow is thus. Before this new concept gains entrance
into medical textbooks, however, more detailed
information on the positive and perhaps hazardous effects
of small-volume resuscitation in patients has to be
accumulated.
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