
� LABORATORY INVESTIGATIONS
Anesthesiology 2007; 107:591–6 Copyright © 2007, the American Society of Anesthesiologists, Inc. Lippincott Williams & Wilkins, Inc.

Improved Survival after Resuscitation with
Norepinephrine in a Murine Model of Uncontrolled
Hemorrhagic Shock
Marie-Pierre Poloujadoff, M.D., M.Sc.,* Stephen W. Borron, M.D., M.Sc.,† Roland Amathieu, M.D., M.Sc.,*
Fabrice Favret, Ph.D.,‡ Mamadou S. Camara, M.S.,§ Frédéric Lapostolle, M.D.,* Eric Vicaut, M.D., Ph.D.,�
Frédéric Adnet, M.D., Ph.D.#

Background: Recent studies have challenged current guidelines
on fluid resuscitation. However, studies on resuscitation using
norepinephrine in uncontrolled hemorrhagic shock are lacking.
The authors examined the effects of norepinephrine in combina-
tion with saline infusion in uncontrolled hemorrhage in rats.

Methods: Rats subjected to a 15-min controlled hemorrhage
(withdrawal of 3 ml blood/100 g body mass) followed by a
60-min uncontrolled hemorrhage (75% tail amputation) were
randomly assigned to one of several treatment groups (10 rats/
group) receiving different doses of norepinephrine (0 [NE0], 5
[NE5], 50 [NE50], or 500 [NE500] �g · 100 g�1 · h�1). In the four
hypotensive resuscitation groups (n � 40), mean arterial pres-
sure was not allowed to fall below 40 mmHg by titrated infusion
of normal saline. In the four normotensive resuscitation groups
(n � 40), it was not allowed to fall below 80 mmHg. The end-
point was survival at 210 min.

Results: There was a significant difference (P < 0.05) in sur-
vival rate among groups. Among the hypotensive rats, 6 (60%)
survived in the NE0 and NE5 dose groups, 9 (90%) survived in
the NE50 dose group, and none survived in the NE500 dose
group. Among the normotensive rats, none survived in the NE0
group, 4 (40%) survived in the NE5 dose group, all 10 (100%)
survived in the NE50 group, and none survived in the NE500
group.

Conclusions: The early use of norepinephrine in uncon-
trolled hemorrhagic shock in rats significantly improved sur-
vival when infused at a rate of 50 �g · 100 g�1 · h�1 in normo-
tensive and hypotensive resuscitation strategies.

RESUSCITATION of patients in hemorrhagic shock remains
one of the most challenging aspects of trauma care.1 Stud-
ies have brought current guidelines on fluid resuscitation
into question.2–4 Laboratory and clinical studies have
shown that, even if a quantity of fluid should be given in
the early treatment of hemorrhagic shock to avoid death
from profound hypotension, aggressive fluid resuscitation
to achieve normal mean arterial pressure during uncon-
trolled bleeding significantly increases blood loss, hemodi-
lution, and mortality.5–7 Delaying fluid administration until
operative intervention improved outcome in hypotensive
trauma patients with penetrating torso injuries.2 These au-
thors recommended delaying fluid infusion until bleeding
is definitively controlled or until the hypotensive target
blood pressure is reached.2

Administering vasopressor agents on fluid resuscitation
can help rapidly achieve the target blood pressure and limit
volume fluid requirements and hemodilution. Recently,
vasopressin has been studied in experimental studies in
various clinical situations including hemorrhagic
shock.8–14 Vasopressin has proven useful in treating pa-
tients with massive intraabdominal bleeding but is not
marketed worldwide.15 Conversely, norepinephrine has
been rarely studied in uncontrolled hemorrhagic shock.
Available studies are dated and have suggested an increase
in mortality.16–20 However, these studies used a model of
controlled and not uncontrolled hemorrhagic shock.16,17,21

The aim of the current study was to examine the
effects of norepinephrine on short-term survival in a
model of uncontrolled hemorrhagic shock in rats.

Materials and Methods

This study complied with the recommendations of the
Declaration of Helsinki on animal care, French regula-
tions on the protection of animals used for experimental
and other scientific purposes (D2001-406), and Euro-
pean Community regulations (Official Journal of Euro-
pean Community L358 12/18/1986). The study was con-
ducted in an authorized animal care unit (agreement
number A-93-008-01) under the supervision of autho-
rized researchers (F.A., M.-P.P.). It was based on a model
combining volume-controlled and uncontrolled hemor-
rhagic shock that has been used in several animal stud-
ies, including studies in rats.7,22,23 As in previously pub-
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lished models, our experimental design comprised three
phases. Phase 1 (90 min; T0-T90) consisted of a volume-
controlled hemorrhagic shock (T0–T30) followed by an
uncontrolled hemorrhagic shock (T30–T90), with or
without administration of saline, and with or without
norepinephrine. Phase 2 (30 min; T90–T120), the recov-
ery phase, consisted in controlling the hemorrhage and
resuscitating the animals with shed blood. Phase 3 was a
90-min (T120–T210) observation period.

Surgical Preparations and Measurements
One hundred healthy rats (Elevage Janvier, Le Genest

Saint Isles, France) weighing 300–400 g were allowed
access to food and water ad libitum until the day of
surgery, when they were anesthetized by intraperitoneal
injection of 35 mg/kg pentobarbital, followed by intramus-
cular injection of 60 mg/kg ketamine. The spontaneously
breathing, anesthetized rats were kept in a supine position
on a heating pad to monitor temperature (rectal Ther-
mistor, D-79232; Harvard Apparatus, March-Hugstetten,
Germany). Polyethylene catheters (PE-50; Becton-Dickin-
son, Franklin Lakes, NJ) were introduced into the carotid
artery and external jugular vein for arterial blood pressure
measurement and intravenous infusion of drug or saline.
Continuous monitoring of electrocardiography, blood pres-
sure, and heart rate was performed using a Biopac acquisi-
tion device (Biopac® MP30; Biopac Systems Inc., Goleta,
CA) run on a Macintosh G4 personal computer (Apple Inc.,
Cupertino, CA). The arterial line contained a calibrated
pressure transducer directly linked to the acquisition sys-
tem. The femoral artery was isolated through an incision in
the right groin and cannulated with a PE-50 catheter for
blood withdrawal, sampling, and infusion. Blood samples
were drawn at baseline, 30 min, and 90 min to measure
hematocrit and blood gases (ABL-500; Radiometer, Copen-
hagen, Denmark). Blood lactate levels were determined
using the I-stat device (Abbott Point of Care Inc., East
Windsor, NJ).

Experimental Protocol
The first step of Phase 1 was induction of volume-

controlled hemorrhagic shock. Blood was withdrawn at
a rate of 1 ml · 100 g�1 · 5 min�1 through the femoral
arterial line from T0 to T15 (total of 3 ml/100 g). At T30,
after a 15-min period of equilibration, an uncontrolled
hemorrhagic shock was provoked by amputation of the tail
at 75% of its length measured from the tip. The bleeding tail
was directed into a graduated tube and the amount of
blood shed was recorded. Fluid resuscitation started
immediately after the tail was cut and was continued for
60 min (T30–T90).

The rats were randomly assigned to one of 10 treatment
groups (n � 10 for each group): a control group undergo-
ing no resuscitation; 4 hypotensive resuscitation groups
(BP40, n � 40) infused with saline at a rate to prevent mean
arterial pressure (MAP) falling below 40 mmHg and infused

with norepinephrine in saline at a constant rate of 5 ml ·
100 g�1 · h�1 over 60 min (doses of 0 [NE0, n � 10], 5
[NE5, n � 10], 50 [NE50, n � 10], or 500 [NE500, n � 10]
�g · 100 g�1 · h�1); 4 normotensive resuscitation groups
(BP80, n � 40) infused with saline to prevent MAP falling
below 80 mmHg and receiving the same norepinephrine
doses as the hypotensive rats; or a sham group without
hemorrhage and without resuscitation.

Phase 2 began at T90 after the uncontrolled hemorrhagic
shock. The tail cut was cauterized and ligated. Intravenous
resuscitation was continued for 30 min (T90–T120) with
fresh donor blood to achieve a hematocrit value of 30%
plus intravenous saline to achieve a MAP above 80 mmHg.
Donor blood had been stored in standard citrate phos-
phate:glucose solution, 1:4. The surviving rats at the end of
this phase had their catheters removed and incisions
closed. During phase 3, the animals were allowed to re-
cover from the anesthetic and were placed in individual
cages with free access to food and water (T120–T210). The
endpoint was survival at T210 as in most animal studies on
fluid resuscitation strategies.23

Statistical Analysis
The rats were randomly assigned to groups using a

PLAN procedure (SAS Institute Inc., Cary, NC). Values
are expressed as either mean � 1 SD or median (25th–
75th percentiles). To detect a 60% difference in survival
(probability 0.8 vs. 0.2, power 0.8), the estimated mini-
mum sample size was 10 animals per group. To avoid
inflation of � risk due to multiplicity, we used hierarchi-
cal procedures for testing differences among groups. We
first compared the five groups (controls, fluid � NE0 or
NE5, NE50, or NE500) for both the hypotensive and
normotensive strategies by a global test at a 0.05 two-
sided significance level. If the null hypothesis that the
five groups were similar was rejected, we compared
each group of treated rats with the control group using
appropriate adjustment for multiplicity.

Survival rates were compared using the Fisher exact test.
The comparison with controls was made using a signifi-
cance level of less than 0.0125 (level adjusted for multiplic-
ity by the Bonferroni procedure). For volume of saline and
blood loss, groups were compared using nonparametric
one-way analysis of variance (i.e., Kruskal-Wallis) because
the statistical distribution is non-Gaussian. All tests were
performed with use of SAS 9.13 software (from SAS Insti-
tute).

Results

Mean physiologic variable values at baseline and at
different time points (T0, T30, T90) during the study are
given in table 1. Mean baseline weight was 376 � 61 g.

Changes in MAP are shown in table 2 for each group of
rats. After the tail was cut, MAP remained in the 29- to
35-mmHg range in control (no-resuscitation group) rats. In
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hypotensive rats (BP40 rats; table 2), MAP ranged from 49
to 58 mmHg in the NE0 group and from 54 to 64 mmHg in
the NE5 group. In the NE50 group, MAP remained above
80 mmHg for the first 30 min and then decreased to 78 to
81 mmHg over the next 30 min. In the NE500 group, MAP
was above 130 mmHg for the first 20 min. However, all the
rats in this high dose group died before 90 min. In normo-
tensive rats (BP80 rats; table 2), MAP increased transiently
in the NE0 group but, despite aggressive fluid resuscitation,
decreased after 30 min, leading to death in all but one rat.
This animal’s MAP reached 88 mmHg, and the animal
survived until the end of phase 2. In the NE5 group, MAP
reached 80 mmHg in 15 min in eight rats and remained
above this value in only five rats despite aggressive fluid
resuscitation. MAP ranged from 87 to 98 mmHg in the
NE50 group. In the highest dose group (NE500), all nor-
motensive rats died as the hypotensive rats had done.

Survival rates are shown in figure 1. All rats survived
the first 30 min of the experiment. All rats of the sham
group survived throughout the study. Only 2 control rats
(20%) survived until T90 (end of phase 1). At T90, there
was a significant difference in survival rates in both
normotensive and hypotensive rats (P � 0.05). In hypo-
tensive rats (BP40 rats; fig. 1A), 8 (80%) survived in the
NE0 and NE5 groups, 9 (90%) survived in the NE50
group, and none survived in the NE500 group. In nor-
motensive rats (BP80 rats; fig. 1B), 1 (10%) survived in
the NE0 group, 5 (50%) survived in the NE5 dose group,
all 10 (100%) survived in the NE50 group, and none
survived in the NE500 group.

At T210, there was a significant difference in survival
rates among treatment groups under both hypotensive and
normotensive conditions (P � 0.05). One control rat sur-
vived. Among the hypotensive rats (fig. 1A), 6 (60%) sur-
vived in the NE0 and NE5 dose groups, 9 (90%) survived in
the NE50 dose group, and none survived in the highest
NE500 dose group. The difference with respect to controls
was significant for the NE50 dose group only (P � 0.05
adjusted for multiplicity).

Among normotensive rats (fig. 1B), none survived in
the NE0 group, 4 survived in the NE5 dose group, all 10
(100%) survived in the NE50 group, and none survived in
the highest NE500 dose group. The difference with con-
trols was significant for the NE50 dose group only (P �
0.05 adjusted for multiplicity).

In both hypotensive and normotensive rats, the volume
of saline given to rats surviving after the uncontrolled hem-
orrhagic shock (T30–T90) was significantly different in the
various treatment groups (P � 0.05; table 3). The volume
of blood shed from the tail of treated rats during this time
was significantly higher than that in controls in normoten-
sive rats (P � 0.05) but not in hypotensive rats.

At T90, there was no significant difference in heart

Table 1. Variable Values at Baseline and at T30 (15-min
Volume-controlled Hemorrhage) and T90 (60-min
Uncontrolled Hemorrhage)

Variable
Before

Hemorrhage, T0
After

Equilibration, T30 T90

MAP, mmHg 121 � 16 38 � 22 NC
Heart rate,

beats/min
402 � 47 388 � 70 445 � 112

Hematocrit, % 40 � 5 32 � 4 NC
pH 7.39 � 0.04 7.27 � 0.07 7.27 � 0.07
PaCO2, mmHg 47 � 5 40 � 9 35 � 5
PaO2, mmHg 73 � 20 84 � 10 84 � 10
BE, mM 2.6 � 1.6 �8.9 � 3.8 �8.0 � 6.8
HCO3, mM 28.3 � 1.3 17.1 � 2.7 16.7 � 2.8
SatO2, % 95 � 2 95 � 4 94 � 2
Blood lactate, mM 1.0 � 0.3 7.8 � 1.6 4.8 � 2.2

n � 10 in each group at T0. Values are expressed as mean � SD.

BE � base excess; HCO3 � serum bicarbonate; MAP � mean arterial
pressure; NC � mean value was not displayed because there was a signifi-
cant difference among groups (see text); PaCO2 � arterial carbone dioxide
pressure; PaO2 � arterial oxygen pressure; SatO2 � arterial oxygen saturation.

Table 2. Mean Arterial Blood Pressure (mmHg) in Each Group

Group T0 T15 T30 T40 T50 T60 T70 T80 T90

Control 123 � 15 24 � 5 28 � 8 25 � 9 28 � 6 32 � 10 32 � 10 35 � 6 32 � 3
BP40 groups

BP40 NE0 132 � 14 27 � 7 32 � 12 49 � 14 48 � 19 56 � 12 58 � 18 58 � 18 57 � 14
BP40 NE5 121 � 16 27 � 6 33 � 14 54 � 9 61 � 6 57 � 9 62 � 7 61 � 7 64 � 7
BP40 NE50 115 � 14 25 � 3 30 � 6 85 � 25 86 � 21 81 � 17 78 � 13 78 � 14 81 � 14
BP40 NE500 126 � 17 30 � 17 42 � 24 135 � 32 137 � 3 NA NA NA NA

BP80 groups
BP80 NE0 116 � 12 27 � 4 30 � 8 59 � 22 55 � 24 67 86 88 80
BP80 NE5 116 � 18 27 � 4 28 � 3 76 � 14 84 � 5 84 � 5 86 � 4 76 � 22 77 � 23
BP80 NE50 109 � 16 25 � 15 35 � 15 95 � 16 98 � 12 92 � 9 90 � 11 87 � 10 87 � 8
BP80 NE500 128 � 9 33 � 10 39 � 14 144 � 26 124 � 58 NA NA NA NA

n � 10 at T0. Values are expressed as mean � SD. The BP40 groups (n � 40) comprise the four hypotensive resuscitation groups that were infused with saline
at a rate given to prevent mean arterial pressure falling below 40 mmHg and with norepinephrine in saline at a constant rate of 5 ml · 100 g�1 · h�1 over 60 min
(doses of 0 [NE0, n � 10], 5 [NE5, n � 10], 50 [NE50, n � 10], or 500 [NE500, n � 10] �g · 100 g�1 · h�1). The BP80 groups (n � 40) comprise the four normotensive
resuscitation groups infused with saline to prevent mean arterial pressure falling below 80 mmHg and receiving the same norepinephrine doses as the
hypotensive rats. T0–T30: volume-controlled hemorrhagic shock; T30–T90: uncontrolled hemorrhagic shock with or without administration of saline, and with or
without norepinephrine.

NA � not applicable (all rats died within 90 min).
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rate, arterial oxygen saturation, pH, arterial carbone di-
oxide pressure, arterial oxygen pressure, base excess,
serum bicarbonate, or blood lactate among the treated
groups (the highest dose groups [NE500] were excluded

because all rats had died by T90). Mean values for sur-
viving rats are given in table 1. However, normotensive
rats (BP80) had a significantly lower hematocrit value
than hypotensive rats (BP40) at T90 (P � 0.05). Hemat-

Fig. 1. Number of survivors (y-axis) over
time (x-axis) in each group. (A) Hypoten-
sive resuscitation groups; (B) normoten-
sive resuscitation groups. The BP40
groups (n � 40) comprise the four hypo-
tensive resuscitation groups that were in-
fused with saline at a rate given to pre-
vent mean arterial pressure falling below
40 mmHg and with norepinephrine in
saline at a constant rate of 5 ml · 100 g�1

· h�1 over 60 min (doses of 0 [NE0, n �
10], 5 [NE5, n � 10], 50 [NE50, n � 10], or
500 [NE500, n � 10] �g · 100 g�1 · h�1).
The BP80 groups (n � 40) comprise the
four normotensive resuscitation groups
infused with saline to prevent mean arte-
rial pressure falling below 80 mmHg and
receiving the same norepinephrine doses
as the hypotensive rats. T0–T30: volume-
controlled hemorrhagic shock (CHS);
T30–T90: uncontrolled hemorrhagic
shock (UHS) with or without administra-
tion of saline, and with or without nor-
epinephrine; T90–T210: resuscitation
(RES) phase.

Table 3. Fluid Requirements and Blood Loss in Surviving Rats at T90

Volume of Saline (ml/100 g) Blood Loss (ml/100 g)

Hypotensive (BP40) Normotensive (BP80) Hypotensive (BP40) Normotensive (BP80)

Control 0 0.18 � 0.21
NE0 5.24 � 3.16 17.40 0.42 � 0.69 1.88
NE5 4.21 � 1.26 11.13 � 5.88 0.30 � 0.23 0.81 � 0.71
NE50 3.37 � 0.13 5.10 � 2.46 0.45 � 0.41 0.70 � 0.39

n � 10 for each group at T0. Results are significantly different (P � 0.05) among the different treatment groups (analysis of variance global test for the four groups).
The BP40 groups (n � 40) comprise the four hypotensive resuscitation groups that were infused with saline at a rate given to prevent mean arterial pressure falling
below 40 mmHg and with norepinephrine in saline at a constant rate of 5 ml · 100 g�1 · h�1 over 60 min (doses of 0 [NE0, n � 10], 5 [NE5, n � 10], 50 [NE50, n �
10], or 500 [NE500, n � 10] �g · 100 g�1 · h�1). The BP80 groups (n � 40) comprise the four normotensive resuscitation groups infused with saline to prevent
mean arterial pressure falling below 80 mmHg and receiving the same norepinephrine doses as the hypotensive rats.
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ocrit values were 8 � 2% (NE0), 14 � 3% (NE5), and
27 � 6% (NE50) in normotensive rats, compared with 21 �
4% (NE0), 31 � 6% (NE5), and 28 � 5% (NE50) in
hypotensive rats.

Discussion

Our study has clearly shown that early infusion of 50 �g
· 100 g�1 · h�1 norepinephrine significantly improved early
survival of rats in uncontrolled hemorrhagic shock when
normotensive and hypotensive resuscitation strategies
were used. All of the rats receiving the highest norepineph-
rine dose (500 �g · 100 g�1 · h�1) died within 90 min
regardless of resuscitation strategy. All showed transient
hypertension and early bradyarrhythmia, followed by car-
diac arrest with pulseless electrical activity. These results
call for comments on three points: degree of fluid resusci-
tation, type of strategy (normotensive or hypotensive), and
choice of substance.

Currently, fluid resuscitation with crystalloid solutions is
recommended in hypotensive trauma patients, but colloid
administration is advocated by French clinical practice
guidelines in the case of massive hemorrhage.1,24 However,
in experimental studies, restoration of normal blood pres-
sure by crystalloids results in an increased hemorrhage
volume and increased mortality,25 probably as a result of an
increase in blood loss and hemodilution.2,23,26 Moreover,
the increase in blood pressure before clot formation is
complete might increase the likelihood of clot disruption.27

Hemodilution also decreases blood viscosity, which will
increase blood flow at the injured site.6 Studies on fluid
resuscitation in hypotensive trauma patients have con-
firmed these experimental data.2,26 In a review of 6,855
trauma patients, half receiving fluid resuscitation and half
not, fluid resuscitation was found to have no impact on
survival, whereas rapid transport and surgical control of
hemorrhage were considered to be key factors in reducing
mortality.26 In a study of 598 patients with traumatic pen-
etrating torso injuries resulting in systolic blood pressures
of 90 mmHg or less who were randomly assigned to either
early or delayed fluid resuscitation, survival rate was signif-
icantly higher in the delayed resuscitation group.2

On the basis of experimental studies, current practice
guidelines recommend permitting hypotension when
managing uncontrolled hemorrhagic shock in patients
without brain injury but with the risk, however, of in-
ducing tissue hypoperfusion.3,4,28 Moreover, the risk of
cardiac arrest and early death in cases of severe hemor-
rhagic shock without fluid resuscitation should be con-
sidered, especially in patients with coronary disease.29

Vasopressors increase blood pressure by increasing pe-
ripheral vascular resistance.30 This decreases tissue perfu-
sion, which in turn aggravates the deleterious effects of
hypovolemic shock. For this reason, older studies con-
demned the use of vasopressors for hemorrhagic shock,

although more recent findings on phenylephrine and vaso-
pressin have led to a revision of this opinion.8,9,13–15,31

When uncontrolled hemorrhagic shock was combined
with brain injury in swine, infusion of phenylephrine im-
proved mean arterial pressure and systemic and cerebral
perfusion pressure in the initial phase, although it did not
reduce secondary neuronal ischemia.32 In porcine models
of liver injury with uncontrolled and otherwise lethal hem-
orrhagic shock, vasopressin, unlike epinephrine and saline
placebo, improved short-term survival when surgical inter-
vention and fluid replacement were delayed or even led to
full recovery and survival.13,33 When administered to dogs
in controlled hemorrhagic shock, it either increased or did
not influence mortality.17,34 Moreover, like other vasocon-
strictors, norepinephrine can, by constricting capacitance
vessels, shift blood from unstressed to stressed volume and,
thereby, increase venous return.35 The mechanism in-
volves a decrease in splanchnic venous outflow resistance
and an increase in fractional blood flow to regions with fast
time constants. However, unlike vasopressin or terlipres-
sin, norepinephrine has been shown to increase myocar-
dial performance in isolated perfused rabbit heart.36

We chose to study norepinephrine rather than vaso-
pressin because norepinephrine is widely available and
widely used in clinical practice. Vasopressin is not mar-
keted worldwide. Our results on the use of norepineph-
rine in uncontrolled hemorrhagic shock in rats fully
support experimental studies showing that aggressive
fluid resuscitation without vasopressors can worsen
bleeding by probably impairing the formation of new
blood clots or dislodging existing ones.7,37 None of the
rats that did not receive norepinephrine in the normo-
tensive group survived at T210. Blood loss, which was
highest in this group, was much reduced on infusing 50
�g · 100 g�1 · h�1 norepinephrine (BP80 NE50; 0.70 �
0.39 ml/100 g vs. 1.88 ml/100 g; P � 0.05). Survival at
T210 was also best in this group. This suggests that
supplementation with norepinephrine might be useful
in patients, such as those with head injuries, in whom a
normotensive resuscitation strategy is indicated, al-
though it should not be forgotten that � stimulation
(phenylephrine) has been shown to reduce blood vol-
ume expansion in sheep.38 In our hypotensive strategy
of fluid resuscitation, survival in the group receiving
norepinephrine at 50 �g · 100 g�1 · h�1 with a very low
fluid requirement was better than that of the group
receiving no norepinephrine, suggesting that norepi-
nephrine may be useful in the hypotensive strategy.
However, in this group, mean arterial pressure values
were dramatically higher than the target value in the
hypotensive groups and closer to the target value in the
normotensive groups. This “overshoot” in correction of
blood pressure for the BP40 NE50 group is directly
linked to the norepinephrine infusion rate. Our results
also suggest that survival is better after a normotensive
strategy with reduced fluid loading in which 50 �g · 100
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g�1 · h�1 norepinephrine is administered than after a
hypotensive strategy with fluid loading only.

Although we used a well-known model, there are poten-
tial limitations to our study. The anesthesia we gave to
control pain and limit suffering may have interfered with
the rats’ cardiovascular response to hemorrhage. Animals
anesthetized with ketamine have shown better survival
rates than those given other anesthetics.39 Moreover, ket-
amine acts favorably on cardiac output and tissue perfusion
in rats subjected to hemorrhage by increasing perfusion to
organs such as the heart, kidneys, and brain.40 However,
ketamine induces higher blood lactate concentrations than
thiopental in rats in hemorrhage shock.41 This possible
interference by ketamine does not necessarily detract from
the clinical relevance of our results. Use of intravenous
anesthetics is routine in the emergency setting and during
intensive care of patients with hemorrhagic shock even if it
may interfere with the cardiovascular compensation to
hemorrhage. Combinations using nitrous oxide and halo-
genated anesthetics cannot be used routinely in the emer-
gency department.

In conclusion, attempts to achieve normal MAP without
using norepinephrine during uncontrolled bleeding in-
creased blood loss and mortality in rats. All of the rats
treated with high norepinephrine doses died early. Using
an intermediate norepinephrine infusion rate, in either a
hypotensive or a normotensive strategy of resuscitation
during uncontrolled hemorrhage, resulted in significantly
improved survival.
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Ann Fr Anesth Réanim 1997; 16:fi8–14

25. Owens TM, Watson WC, Prough DS, Uchida T, Kramer GC: Limiting initial
resuscitation of uncontrolled hemorrhage reduces internal bleeding and subse-
quent volume requirement. J Trauma 1995; 39:200–9

26. Kaweski SM, Sise MJ, Virgilio RW: The effect of prehospital fluids on
survival in trauma patients. J Trauma 1990; 30:1215–9

27. Marshall HP, Capone AC, Courcoulas AP, Harbrecht BG, Billiar TR,
Udekwu AO, Peitzman AB: Effects of hemorrhagic shock model in rats. J Trauma
1997; 43:673–8

28. Soreide E, Grande CM: Prehospital Trauma Care. New York, Marcel Dek-
ker, 2001, pp 5–23

29. Carli PA, De La Coussaye JE, Riou B: Immediate versus delayed fluid
resuscitation in patients with trauma (letter). N Engl J Med 1995; 332:682

30. Shires GT, Canizaro PC: Fluid resuscitation in the severely injured. Surg
Clin North Am 1973; 53:1341–66

31. Voelckel WG, Lurie KG, Lindner K, Zielinski T, McKnite S, Krismer AC,
Wenzel V: Vasopressin improves survival after cardiac arrest in hypovolemic
shock. Anesth Analg 2000; 91:627–34

32. Alspaugh DM, Sartorelli K, Shackford SR, Okum EJ, Buckingham S, Osler T:
Prehospital resuscitation with phenylephrine in uncontrolled hemorrhagic shock
and brain injury. J Trauma 2000; 48:851–63

33. Voelckel WG, Raedler C, Wenzel V, Lindner K, Krismer A, Schmittinger
CA, Herff H, Rheinberger K, Königsrainer A: Arginine vasopressin, but not
epinephrine, improves survival in uncontrolled hemorrhagic shock after liver
trauma in pigs. Crit Care Med 2003; 31:1160–5

34. Hakstian RW, Hampson LG, Gurd FN: Pharmacologic agents in experimen-
tal hemorrhagic shock. Arch Surg 1961; 83:23–35

35. Peters J, Mack GW, Lister G: The importance of the peripheral circulation
in critical illnesses. Intensive Care Med 2001; 27:1446–58

36. Ouattara A, Landi M, Le Manach Y, Lecomte P, Leguen M, Boccara G,
Coriat P, Riou B: Comparative cardiac effects of terlipressin, vasopressin, and
norepinephrine on an isolated perfused rabbit heart. ANESTHESIOLOGY 2005; 102:
85–92

37. Solomonov E, Hirsh M, Yahiya A, Krausz MM: The effect of vigorous fluid
resuscitation in uncontrolled hemorrhagic shock after massive splenic injury. Crit
Care Med 2000; 28:749–54

38. Vane LA, Prough DS, Kinsky MA, Williams CA, Grady JJ, Kramer GC:
Effects of different catecholamines on the dynamics of volume expansion of
crystalloid infusion. ANESTHESIOLOGY 2004; 101:1136–44

39. Longnecker DE, Sturgill BC: Influence of anesthetic agent on survival
following hemorrhage. ANESTHESIOLOGY 1976; 45:516–21

40. Idvall J: Influence of ketamine anesthesia on cardiac output and tissue
perfusion in rats subjected to hemorrhage. ANESTHESIOLOGY 1981; 55:297–304

41. Weiskopf RB, Bogetz MS, Roizen MF, Reid IA: Cardiovascular and meta-
bolic sequelae of inducing anesthesia with ketamine or thiopental in hypovole-
mic swine. ANESTHESIOLOGY 1984; 60:214–9

596 POLOUJADOFF ET AL.

Anesthesiology, V 107, No 4, Oct 2007

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/107/4/591/655278/0000542-200710000-00014.pdf by guest on 10 April 2024


