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A Comparison of Epinephrine Only, Arginine Vasopressin
Only, and Epinephrine Followed by Arginine Vasopressin
on the Survival Rate in a Rat Model of Anaphylactic Shock
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Background: Epinephrine and more recently arginine vaso-
pressin (AVP) alone or in combination have been proposed in
patients with anaphylactic shock, but few experimental data
exist. The authors investigated the effects of epinephrine only,
AVP only, or epinephrine followed by AVP in a model of ana-
phylactic shock.

Methods: Ovalbumin-sensitized Brown Norway rats were
anesthetized, intubated, and shock induced with ovalbumin.
Rats (n � 6/group) were randomly allocated to receive 5 min
after shock onset: (1) saline (no-treatment group); (2) two bo-
luses of epinephrine followed by continuous infusion (epi-
nephrine group); (3) AVP bolus followed by continuous infu-
sion (AVP group); (4) epinephrine bolus followed by AVP
continuous infusion (epinephrine � AVP group). Mean arterial
pressure (MAP) and skeletal muscle oxygen pressure (PtiO2)
were measured. Continuous infusion rates were titrated to
reach MAP values of 60 mmHg. Survival was analyzed.

Results: Without treatment, MAP and PtiO2 decreased rapidly
with 0% survival. In the epinephrine group, MAP and PtiO2

recovered after an initial decrease, with 84% survival. In the
AVP group, MAP was partially restored and subsequently de-
creased; PtiO2 values decreased to values similar to those in the
no-treatment group; survival was 0%. In the epinephrine � AVP
group, MAP and PtiO2 values increased more slowly as com-
pared with the epinephrine group; survival was 100%.

Conclusions: In this model of anaphylactic shock, early treat-
ment with epinephrine followed by continuous epinephrine or
vasopressin infusion resulted in an excellent survival rate,
whereas vasopressin only resulted in a 100% death rate. These
experimental results suggest that epinephrine must still be con-
sidered as the first-line drug to treat anaphylactic shock.

ANAPHYLACTIC shock occurring during anesthesia is
lethal in 3–10% of patients even in previously healthy

individuals and despite therapy that is consistent with
the current guidelines.1–3 Epinephrine is considered in
most guidelines**4,5 as the first-line treatment of anaphy-
lactic shock. In some cases, alternative therapies are
used, such as norepinephrine6 or metaraminol,7,8 or
more recently arginine vasopressin (AVP).9–11 Although,
AVP has been used in several case reports and is consid-
ered as effective, there are many unanswered questions
regarding its use in patients with anaphylactic shock and
particularly in those with anaphylactic shock occurring
during anesthesia. In a previous experimental study,12

we demonstrated that AVP could increase mean arterial
pressure (MAP) values in rats that underwent anaphylac-
tic shock. This increase in MAP values after anaphylactic
shock was comparable to that obtained with epineph-
rine, but at the highest AVP doses, it was associated with
significantly lower skeletal muscle oxygen pressure
(PtiO2) values, a parameter that was shown in human and
experimental shock states to be correlated with surviv-
al.13–16

The aims of the current study were (1) to compare, in
a Brown Norway rat model of anaphylactic shock, epi-
nephrine only to AVP only as therapy of anaphylactic
shock occurring during anesthesia in terms of MAP,
heart rate, PtiO2 values, and especially survival; and (2) to
investigate, for the same parameters, a sequence that
could mimic that recently reported in several clinical
cases9,10 where AVP was used only after epinephrine
had been considered as ineffective, i.e., epinephrine first
followed by AVP. We demonstrate here that treatment
with AVP only was associated with significantly lower
survival as compared with epinephrine only. Interest-
ingly, the sequence epinephrine first followed by AVP
was associated with a survival rate comparable to that of
epinephrine only. We hypothesize that epinephrine
could attenuate the excessive vasoconstrictive effects of
AVP.

Materials and Methods

Animals and Sensitization Protocol
The study was approved by the Animal Care Commit-

tee of the University Hospital (Nancy, France). This
study, including care of the animals involved, was con-
ducted according to the official edict presented by the
French Ministry of Agriculture (Paris, France) and the
recommendations of the Declaration of Helsinki. There-
fore, these experiments were conducted in an autho-
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Vandoeuvre-lès-Nancy, France. † Technician, ‡ Engineer, � Professor, EA 3452,
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rized laboratory and under the supervision of an autho-
rized researcher (P.M.M.). We used 10-week-old Brown
Norway rats weighing 266–314 g (Janvier, Le Genest-St-
Isle, France). They were kept under standard conditions
(temperature 21° � 1°C; light from 6 AM to 6 PM) and
given a standardized diet (A04; UAR, Villemoisson-sur-
Orge, France) and water (Aqua-clear; Culligan, North-
brook, IL) ad libitum. Rats were sensitized by subcuta-
neous administrations, at days 0, 4, and 14, with grade VI
chicken egg albumin as previously described.12,17

Surgical Procedure, Measurement of Hemodynamic
Variables, Tissue Oxygen Partial Pressure, and
Induction of Shock
The surgical procedure was performed during general

anesthesia on day 21 using 60 mg/kg intraperitoneal
sodium pentobarbital (Pentobarbital Sodique; Ceva Santé
Animale, Libourne, France) and maintained with intrave-
nous additional doses (2 mg/kg) when required. Rectal
temperature was maintained at 38° � 0.5°C by intermit-
tent warming with a heating pad. A fluid-filled polyeth-
ylene catheter (ID, 0.58 mm; OD, 0.96 mm; Biotrol
Diagnostic, Chennevières Les Louvres, France) was in-
serted in the right common carotid artery for arterial
pressure monitoring. Another fluid-filled catheter was
inserted in the left external jugular vein for administra-
tion of drugs and fluid maintenance (10 ml � kg�1 � h�1)
with Ringer’s solution (Braun Medical SA, Boulogne,
France). The trachea was intubated, and the lungs were
mechanically ventilated with 100% oxygen using a Har-
vard Rodent respirator model 683 (Harvard Apparatus,
Cambridge, MA). MAP was recorded using a strain gauge
pressure transducer (DA-100; Biopac Systems, Northbor-
ough, MA). A flexible Clark-type polarographic oxygen
electrode (diameter and length of the oxygen partial
pressure–sensitive area of the probe: 0.5–0.6 and 1 mm,
respectively) computer-supported Licox system (GMS,
Mielkendorf, Germany) was introduced in one of the
quadriceps muscles. For correction of PtiO2 measure-
ments, temperature within the muscle was monitored,

and PtiO2 values were adjusted to quadriceps tempera-
ture by means of the computer software. The electrode
was calibrated before and after each experiment with
room air. Hemodynamic values were allowed to stabilize
for 30 min (stabilization period) after surgery, and pre-
anaphylactic shock values were recorded just before
shock induction (T0 � 5 min). The pressure transducer,
the Licox system, and the electrocardiogram were con-
nected to a desktop computer for continuous data ac-
quisition (Acqknowledge software and MP 100 hard-
ware; Biopac Systems). In each group, anaphylactic
shock was induced by injecting 1 mg ovalbumin diluted
in 500 �l saline solution intravenously in 1 min. Time 0
(T0) corresponded to the beginning of ovalbumin injec-
tion, and the study was performed for an additional 60
min after T0 (T0 � 60 min) (fig. 1).

Treatment with Epinephrine and/or Arginine
Vasopressin and Evaluation of Survival
Animals were randomly allocated to four groups. In

addition to a control group submitted to anaphylactic
shock without any added therapy, three groups were
designed according to the drug used for resuscitation:
epinephrine (Aguettant, Lyon, France) only, AVP
(Aguettant) only, and epinephrine followed by AVP (fig.
1). The investigator was not blinded to the drug used.
The first bolus of epinephrine or AVP was injected 5 min
after shock induction (T0 � 5 min). The second bolus of
epinephrine was injected when the MAP began to de-
crease again after the initial increase following the first
bolus. Doses of bolus were chosen according to our
previous work.12 Two bolus of AVP followed by a con-
tinuous infusion induced the death of the animals due to
multiple organs infarction (data not shown). Therefore,
only one bolus of AVP was injected. To avoid any exces-
sive volume loading, both drugs were prepared at differ-
ent dilutions (in saline solution), and the syringes were
changed when necessary to preserve a volume rate in-
fusion less than 4 ml/h. Epinephrine was therefore di-
luted at 0.5, 5, 25, or 50 �g/ml (maximum infusion rate,

Fig. 1. Time course of measurements
and treatment protocol according to the
drug used for resuscitation: epinephrine
and/or arginine vasopressin (AVP) in the
different groups (n � 6/group). Pre–ana-
phylactic shock values were recorded af-
ter randomization of the four groups of
rats and before shock induction (T0 � 5
min). Time 0 (T0) corresponds to the in-
jection of ovalbumin. Treatment was
started 5 min after ovalbumin injection
(T0 � 5 min).
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3.8 ml/h) and AVP at 0.4, 1.2, or 1.5 U/ml (maximum
infusion rate, 3.2 ml/h). Continuous infusion of epineph-
rine or AVP was initiated immediately after the last bolus
injection. The perfusion rate for the continuous infusion
was adapted to reach MAP values of 60 mmHg. When
the MAP goal was reached and stable during a 10-min
period, drug infusion was progressively decreased and
stopped. For each rat, the following measurements were
performed: (1) average dose per minute of vasoconstric-
tor drugs, (2) duration of drug infusion, and (3) weight
evolution in survivors. At the end of the data acquisition
period, i.e., 60 min after shock induction (T0 � 60 min),
catheters were removed, cutaneous incisions were
closed, and rats were extubated and moved to a regular
cage with free access to food and water. Awakening was
attentively observed. When rats were awake, a loading
dose of paracetamol (10 mg/kg) was given orally, fol-
lowed by a maintenance dose (60 mg/kg per day) ad
libitum during 72 h.18 Animals were observed at 12-h
intervals for determination of survival. Surviving animals
were killed on day 7 by an overdose of sodium pento-
barbital.

Statistical Analysis
Results are expressed as mean � SD and survival as

percentage. Intragroup and between-group comparisons
were performed using one-way and two-way analysis of
variance for repeated measures (Statview; SAS Institute
Inc., Cary, NC). When a significant interaction was ob-
served with two-way analysis of variance, paired com-
parisons were made with the Fisher post hoc test. Sur-
vival rate were compared with the Fisher exact test.
Significance was assumed when P was less than 0.05. All
tests were two-sided.

Results

Twenty-four ovalbumin-sensitized Brown Norway rats
(weight on the day of, but before shock induction:
296 � 3 g) were studied (six rats in each of the four
groups; fig. 1). For the three measured variables (MAP,
heart rate, PtiO2), values did not differ among the four
groups at the following time points: preshock (T0 � 5
min/baseline), T0, and postshock (T0 � 5 min).

In the absence of treatment, after ovalbumin injection
at T0, anaphylactic shock was characterized by a rapid
and sustained decrease in MAP and PtiO2 values, with
most of the decrease occurring within the first 5 min
after ovalbumin injection (decrease of 66% and 45% from
baseline values, respectively). The initial rapid decrease
was followed by a further, more gradual decrease over
time for both variables (figs. 2A and B).

Effects of Epinephrine and/or AVP
The effects of epinephrine and/or AVP on MAP values

are presented in figure 2A. After the initial arterial hypo-

tension after shock induction, MAP values were partially
restored in the three groups (epinephrine, epinephrine
� AVP, and AVP) characterized by a similar profile until
T0 � 20 min. After T0 � 20 min, profiles of MAP values
were different among the three groups: (1) The epineph-
rine and epinephrine � AVP groups (P � not significant
[NS] for comparisons between them) were character-
ized by significantly (P � 0.05) higher values as com-
pared with the no-treatment group; (2) for the AVP
group, MAP values were significantly lower (P � 0.05) as
compared with the epinephrine and epinephrine � AVP
groups, despite escalating doses of AVP, but not differ-
ent from those of the untreated group (P � NS) (fig. 2A).

Heart rate values are presented in table 1. In the un-
treated group, HR values did not change significantly

Fig. 2. (A) Mean arterial pressure (MAP) profiles after onset of
treatment in the three treated groups and in the untreated
group (n � 6 rats/group). Time 0 (T0) corresponds to the injec-
tion of ovalbumin. Treatment was started 5 min after ovalbumin
injection (T0 � 5 min). * P < 0.05 intragroup differences versus
T0 � 5 min. † P < 0.05 between-group differences epinephrine
only versus arginine vasopressin (AVP) only. ‡ AVP only versus
untreated group. †† Epinephrine only or epinephrine � AVP
versus untreated group. (B) Skeletal muscle tissue oxygen par-
tial pressure (PtiO2) profiles after onset of treatment in the three
treated groups and in the untreated group (n � 6 rats/group).
Time 0 (T0) corresponds to the injection of ovalbumin. Treat-
ment was started 5 min after ovalbumin injection (T0 � 5 min).
* P < 0.05 intragroup differences versus T0 � 5 min. † P < 0.05
between-group differences epinephrine only or epinephrine �
arginine vasopressin (AVP) versus AVP only. †† Epinephrine
only or epinephrine � AVP versus untreated group.

979EPINEPHRINE VERSUS AVP TO TREAT ANAPHYLACTIC SHOCK

Anesthesiology, V 106, No 5, May 2007

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/106/5/977/655007/0000542-200705000-00015.pdf by guest on 03 April 2024



over time. In the group treated with epinephrine, heart
rate values were significantly increased as compared
with baseline values from T0 � 15 min until T0 � 40
min. In contrast, in the AVP group, heart rate values
were significantly lower after onset of treatment as com-
pared with baseline values during the whole study pe-
riod. In the epinephrine � AVP group, heart rate values
were not significantly different from baseline values ex-
cept at T0 � 15 min, when they were significantly
decreased. As compared with the untreated group, for
the period that followed shock induction, heart rate
values were significantly higher for the epinephrine
group, significantly lower for the AVP group, and un-
changed for the epinephrine � AVP group. Interestingly,
at T0 � 20 min, MAP values were similar in all treated
groups (fig. 2A), but heart rate values were significantly
higher for the epinephrine as compared with the AVP
group.

The effects of epinephrine and/or AVP on PtiO2 values
are presented in figure 2b. After onset of treatment in the
three groups, PtiO2 decreased gradually until T0 � 15
min in the three groups with a similar profile. After T0 �
15 min, PtiO2 profiles differed among the groups. In the
epinephrine group, PtiO2 remained stable (P � NS as
compared with T0 � 5 min) after T0 � 10 min and
slowly increased after T0 � 40 min, reaching values
similar to preshock values at T0 � 60 min. In the epi-
nephrine � AVP group, PtiO2 decreased gradually until
T0 � 30 min to values significantly lower as compared
with T0 � 5 min; subsequently at T0 � 50 min and T0
� 60 min, PtiO2 values increased and were not different
from those measured at T0 � 5 min but remained sig-
nificantly lower as compared with values measured at T0
� 5 min. Nevertheless, profiles of PtiO2 values were
similar for the rest of study between the epinephrine and
epinephrine � AVP groups (P � NS) and significantly
(P � 0.05) different from those of the untreated group.
In contrast in the AVP group, PtiO2 values continued to

decrease and were not different from those measured in
the absence of treatment (P � NS).

Total Drugs Consumption and Duration of Drug
Infusion
Mean continuous infusion rates of AVP in the AVP-only

group (0.064 � 0.007 U/min; P � 0.05) were signifi-
cantly higher as compared with those in the epinephrine
� AVP group (0.045 � 0.002 U/min). The durations of
drug infusion were similar for the epinephrine (54 � 1
min) and AVP (47 � 7 min) groups and significantly
shorter in the epinephrine � AVP group (24 � 4 min)
(P � 0.05).

Survival and Weight Follow-up after Recovery
Survival rates of all groups are presented in figure 3

(percentage survival analyzed with the Fisher exact test).
All untreated rats and rats treated with AVP only died a
few hours after extubation (0.26 and 8 h, respectively).
Five of the six rats treated with epinephrine survived in
very good conditions, and one died on day 3; the mean
average of weight loss on day 7 (n � 5) was 23% as
compared with baseline. All rats treated with epineph-
rine � AVP survived in very good conditions; weight loss
on day 7 (n � 6) was 16%. No significant difference for
survival and weight loss was observed between epineph-
rine and epinephrine � AVP groups.

Discussion

The main findings of this study were that in an anes-
thetized anaphylactic Brown Norway rat model, (1)
when initiated 5 min after anaphylactic shock induction,
therapy with epinephrine only was associated with a
high rate of survival (84%), whereas therapy with AVP
only had 100% mortality; and (2) interestingly, the se-
quence epinephrine followed by continuous AVP infu-
sion, an experimental design that was chosen to mimic
several recent clinical cases of use of AVP in patients

Table 1. Time Course of Heart Rate (beats/min) in the Four
Groups

Time No Treatment Epinephrine AVP Epinephrine � AVP

T0 � 5 413 � 18 402 � 27 437 � 34 412 � 37
T0 403 � 26 392 � 30 430 � 33 408 � 39
T0 � 5 380 � 14 380 � 33 397 � 39 372 � 53
T0 � 10 375 � 72 443 � 51 377 � 48* 380 � 42
T0 � 15 395 � 30 470 � 59* 340 � 59* 364 � 45*
T0 � 20 405 � 45 463 � 45* 367 � 35* 372 � 16
T0 � 30 388 � 57 463 � 23* 353 � 35* 380 � 18
T0 � 40 403 � 22 463 � 43* 357 � 37* 396 � 15
T0 � 50 393 � 33 436 � 29 363 � 51* 400 � 18
T0 � 60 375 � 26 428 � 45 377 � 46* 404 � 50

Time 0 (T0) corresponds to the injection of ovalbumin. First bolus of each drug
was injected at T0 � 5 min. Values are expressed as mean � SD (n �
6/group).

* P � 0.05 vs. T0 � 5 min.

AVP � arginine vasopressin.

Fig. 3. Survival rates in the four groups expressed as days (from
day 1 to day 7). Survival rate was significantly higher in the
epinephrine-only and epinephrine � arginine vasopressin
(epinephrine � AVP) groups († P < 0.05) as compared with the
two other groups (AVP-only and no-treatment groups). Survival
rates between the AVP-only and no-treatment groups were not
different.
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with anaphylactic shock, was associated with 100% sur-
vival.

Correction of excessively decreased mean arterial pres-
sure and maintenance of adequate organ perfusion are
the therapeutic goals during vasodilatory shock states
including anaphylactic shock. These goals are also valid
for treatment of anaphylactic shock occurring during
anesthesia and the perioperative period. Epinephrine is
considered as the first-line treatment in most guidelines
on perioperative management of anaphylaxis.**4,5,19

These recommendations are based on experimental and
clinical data obtained in the context of cardiac arrest and
vasodilatory shock states other than anaphylactic.5,20

However, there are few experimental and no method-
ologically correct clinical data to support these extrap-
olations to anaphylactic shock. Evidence in the literature
suggests that a poor outcome during anaphylactic shock
is associated with late administration of epinephrine21,22

but also when epinephrine has been given inadequately.
Recently, experimental work provided arguments for
the possible use of AVP as therapy of anaphylactic
shock.12,23,24 In other respects, the most recent Ameri-
can guidelines on anaphylaxis5,25 and several case re-
ports suggested that adding AVP to standard therapy
might be considered as a potential therapeutic approach
in anaphylactic shock.9–11 In the wake of these case
reports and taking into account a possible AVP defi-
ciency observed in experimental anaphylactic shock,12

we compared, in an anesthetized Brown Norway rat
model of anaphylactic shock, the survival rate according
to the drug injected, epinephrine and/or AVP. Treatment
of anaphylactic shock after a delay of 5 min was chosen
because this period was considered as a delay consistent
in clinical practice with the diagnosis and the prepara-
tion of the epinephrine. Doses for bolus injection of
epinephrine and AVP were chosen according to our
previous work,12 doses for continuous infusion of epi-
nephrine were chosen according to the literature,4,5 and
doses of AVP were chosen according to the indications
of the manufacturer.

When comparing the epinephrine-only, epinephrine �
AVP, and AVP-only groups, MAP and PtiO2 profiles were
initially similar in the three groups but differing strik-
ingly after T0 � 20 min and T0 � 15 min, respectively.
The epinephrine-only and epinephrine � AVP groups
were characterized by a partial restoration of MAP and
full recovery of PtiO2 values associated with tachycardia
and unchanged heart rate, respectively. In contrast, in
the AVP group, MAP and PtiO2 values decreased over
time, and this was associated with significantly lower
heart rate values, despite escalating doses of AVP. Sur-
vival in the three groups differed with a high rate of
survival in the epinephrine and epinephrine � AVP
groups and 100% mortality in the AVP group.

Our experimental results demonstrate that in this
model of anaphylactic shock, epinephrine cannot be

replaced by AVP as the first-line treatment. Nevertheless,
when treatment is initiated with epinephrine, continu-
ous infusion with either epinephrine or AVP may be
chosen to maintain arterial pressure. The effects on sur-
vival of our experimental design (two boluses of epi-
nephrine followed by either epinephrine or AVP or the
single bolus of AVP followed by AVP) should be inter-
preted cautiously and take into account (1) the different
plasma half-life values: a few minutes for epinephrine
and 10–35 min for AVP26; and (2) the different se-
quences bolus/continuous infusion in the three resusci-
tated groups. It is difficult, therefore, to isolate the im-
pact on survival of the bolus versus continuous infusion,
but this study design was chosen because drug injection
(bolus/infusion) was titrated on MAP values. The cardio-
vascular effects of epinephrine and AVP are complex.27

Epinephrine is a direct-acting �- and �-adrenergic ago-
nist, and restores in most clinical situations the global
hemodynamics during anaphylactic shock. Its beneficial
effects in anaphylactic shock are mediated by the �1-
adrenergic effects, which increase the left ventricular
preload by reducing venous capacitance, whereas �-ad-
renergic effects reverse bronchoconstriction and in-
crease cardiac inotropy and chronotropy.28,29 A few ex-
perimental studies have been conducted to study the
hemodynamic effects of epinephrine in whole animals
experiencing anaphylactic shock.30–32 The main results
showed that a single bolus of epinephrine caused a
transient increase in MAP accompanied by simultaneous
increases in cardiac output and mean pulmonary capil-
lary wedge pressure compared with the control group,31

whereas a titrated intravenous infusion of epinephrine
produced a sustained improvement of hemodynamics
and seemed to act by increasing cardiac output and
stroke work.32 The beneficial effects of continuous infu-
sion epinephrine have therefore been attributed to its
cardiac �-adrenergic effects that resulted in increased
cardiac output and stroke work.32

The precise mechanism of the vasopressor action in-
duced by AVP remains unclear. In vasoplegic shock
states, AVP restores vascular tone by at least four mech-
anisms: (1) activation of V1 receptors, (2) ability to close
adenosine triphosphate–sensitive K� channels (KATP)
while activation of KATP channels produces cellular hy-
perpolarization resulting in vasodilatation, (3) modula-
tion of nitric oxide, and (4) potentiation of adrenergic
and other vasoconstrictor agents.33,34 In addition, AVP
could act during anaphylactic shock as an “antiinflam-
matory agent” by antagonizing the effects of nitric oxide.
Increased synthesis of nitric oxide contributes to the
hypotension and resistance to vasopressor drugs that
occur in vasodilatory shock,34 and AVP directly de-
creases intracellular concentrations of the nitric oxide
second messenger, cyclic guanosine 3=,5=-monophos-
phate.35

In contrast to what was observed in the group treated
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with epinephrine only, treatment with AVP only was
associated with 100% mortality. Despite the initial in-
crease of MAP, a further decrease over time was associ-
ated with significantly lower heart rate values and a
significant decrease of PtiO2 values. Comparable hemo-
dynamic changes induced by AVP have been reported in
experimental and clinical investigations. The absence of
tachycardia in the AVP-only group, in our experiments,
could be attributed to its interaction with central V1

receptors. Laszlo et al.36 demonstrated that AVP admin-
istration reduces heart rate and cardiac index because of
an increase in vagal and a decrease in sympathetic tone.
Controversial results have been reported with AVP dur-
ing experimental or clinical studies according to the
dosage infusion and leading either to an impairment of
myocardial function37–39 or to a maintained cardiac in-
dex.40 In addition, several recent studies have demon-
strated controversial effects of AVP on tissue oxygen
pressure depending on the experimental model.41

In the current study, the mean average of AVP infusion
was 0.064 � 0.007 U/min and could have contributed to
a potential myocardial dysfunction. Only two studies
have been conducted in whole animals using AVP during
anaphylactic shock.12,24 In a rabbit model, vasopressin at
0.08 U/kg improved survival rate and corrected hypoten-
sion provoked by systemic anaphylaxis, as compared
with 0.8 U/kg. Nevertheless, in the experimental model
of Hiruta et al.,24 rabbits were treated 1 min after aller-
gen challenge when MAP was 100 mmHg and survival
was 35% in the absence of resuscitation. Our model is
characterized by 100% mortality in the absence of resus-
citation, and vasopressors were injected when animals
were severely hypotensive.

In contrast to what was observed in the AVP-only
group, when AVP was injected as a continuous infusion
after an initial bolus of epinephrine (epinephrine � AVP
group), AVP restored MAP in the same way as epineph-
rine only but was associated with an unchanged heart
rate, whereas tachycardia was observed in the epineph-
rine group. When comparing the epinephrine � AVP
group with the AVP-only group in terms of survival, it is
striking that (1) despite lower infusion rates of AVP
(0.045 � 0.002 U/min) in the epinephrine � AVP group,
MAP values and PtiO2 were significantly higher in this
group; and (2) the duration of drug infusion was signif-
icantly shorter in the epinephrine � AVP group. There-
fore, our results suggest that two bolus injections of
epinephrine before the continuous AVP infusion result
in a major change of the effects of AVP that probably
explains the highly improved survival in the epinephrine
� AVP group as compared with the AVP-only group. The
design of our study does not allow us to elucidate the
mechanisms of the beneficial effects of the epinephrine
bolus that precedes the continuous infusion of AVP. It is
tempting to speculate that (1) the two bolus injections of
epinephrine attenuate/abrogate the negative inotropic

and chronotropic effects of AVP; and (2) the lack of a
bolus infusion of AVP in the epinephrine � AVP group,
before the onset of AVP continuous infusion, could have
avoided possible deleterious effect of excessive AVP
concentrations on organs other than the heart.

In conclusion, we provide information on the survival
rate in a rat model of anaphylactic shock treated with
epinephrine and/or AVP and demonstrate that treatment
with AVP only was associated with significantly lower
survival as compared with epinephrine only. Interest-
ingly, the sequence epinephrine first followed by AVP
was associated with a survival rate comparable to that of
epinephrine only. Based on these experimental results,
epinephrine must still be considered as the first-line drug
to treat anaphylactic shock. Nevertheless, these data
support use of vasopressin as reported in case re-
ports,9,10 i.e., after (or in addition to) epinephrine. Fur-
ther studies are necessary to determine whether admin-
istration of a continuous small dose of AVP added to
classic treatment with epinephrine could be clinically
relevant.42
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