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Arginine vasopressin (AVP) is an
endogenous peptide hormone
that is produced in the hypo-
thalamic nuclei and is secreted

from the neurohypophysis upon osmotic
and hemodynamic stimuli. Once released
into the circulation, AVP exerts antidi-
uretic, hemostatic, and vasoconstrictive
effects via stimulation of V1- and V2-

receptors (1). Furthermore, AVP serves as
a key secretagogue in the body’s complex
endocrinologic orchestra (2). Aside from
the corticotropin-releasing hormone,
AVP is known to be the most potent stim-
ulator of adrenocorticotropic hormone
and, consequently, cortisol release (3).
Additionally, stimulatory effects of AVP
on prolactin and endothelin I release, as
well as AVP-mediated modulation of
atrial natriuretic factor and angiotensin
II secretion, have been reported in phys-
iologic models (4–7).

Since described in detail by Landry et
al. (8) in 1997, the potent vasoconstric-
tive effects of AVP have been repeatedly
employed to treat refractory hypotension
in septic and postcardiotomy shock (1, 9,
10). A recent prospective, randomized
study could prove that the combined in-
fusion of AVP and norepinephrine (NE)

was superior in the treatment of cardio-
circulatory failure in advanced vasodila-
tory shock compared with NE infusion
alone (11). In brief, AVP/NE therapy re-
sulted in higher arterial blood pressure,
improved cardiac performance, and re-
duced NE requirements; thus, toxic ef-
fects of high catecholamine dosages
could be significantly decreased during
AVP/NE therapy. However, so far, only
limited data exist describing the effects of
an infusion of the endocrinologically ac-
tive hormone AVP on plasma concentra-
tions of other hormones. Therefore, this
study seeks to evaluate endocrinologic ef-
fects of a combined infusion of AVP and
NE in advanced vasodilatory shock when
compared with NE infusion alone.

Based on the observation that AVP
plasma concentrations in patients suffer-
ing from vasodilatory shock have been

*See also p. 1411.
From the Division of General and Surgical Intensive

Care Medicine, Department of Anesthesiology and Crit-
ical Care Medicine (MWD, WRH, VW, HK, WP, BEF,
AJM); Institute of Experimental Pathology and Patho-
physiology (SS); and Institute of Medical Biostatistics
(HU), The Leopold-Franzens-University of Innsbruck,
Innsbruck, Austria.

Supported, in part, by the Lorenz Böhler Funds,
Vienna, Austria.

Copyright © 2004 by the Society of Critical Care
Medicine and Lippincott Williams & Wilkins

DOI: 10.1097/01.CCM.0000127264.54807.B7

Objectives: To evaluate the endocrinologic response to a com-
bined arginine vasopressin and norepinephrine (AVP/NE) infusion
in advanced vasodilatory shock, and to examine the relationship
between baseline plasma AVP concentrations and the hemody-
namic response to AVP.

Design: Preliminary, prospective, randomized, controlled clin-
ical study.

Setting: Twenty-three-bed general and surgical intensive care
unit.

Patients: Thirty-eight patients with advanced vasodilatory
shock. Hemodynamic and laboratory data of 34 patients have
already been presented in a recently published prospective, ran-
domized, controlled study.

Interventions: Continuous AVP (4 units/hr) and NE infusion in
study patients; NE infusion only in control patients.

Measurements and Main Results: At baseline, 24 hrs, and 48
hrs after randomization, plasma concentrations of AVP, adreno-
corticotropic hormone, cortisol, renin, angiotensin II, aldosterone,
prolactin, endothelin I, and atrial natriuretic factor were deter-
mined. Hemodynamic variables were recorded at baseline and 1,
12, and 24 hrs after randomization. Linear mixed effects models
were used to test for differences between groups. The relation-

ship between AVP plasma concentrations and hemodynamic re-
sponse to AVP was analyzed using linear regression analyses.
AVP/NE patients exhibited significantly higher AVP (p < .001) and
prolactin (p < .001) plasma concentrations during the study
period; there were no significant differences in plasma concen-
trations of other hormones. No significant correlation was de-
tected between plasma AVP concentrations and the increase in
mean arterial pressure after 1 hr (Pearson’s correlation coefficient
� .134, p � .584) and after 24 hrs (Pearson’s correlation coeffi-
cient � �.198, p � .417). There were further no correlations
between AVP plasma concentrations and the 24-hr response to
AVP therapy in heart rate (Pearson’s correlation coefficient �
�.065, p � .791), stroke volume index (Pearson’s correlation
coefficient � �.106, p � .687), and NE requirements (Pearson’s
correlation coefficient � .04, p � .869).

Conclusions: The preliminary results of this study indicate that
a combined AVP and NE infusion increases prolactin plasma
concentrations in advanced vasodilatory shock. Hemodynamic
effects of AVP infusion are independent of baseline plasma AVP
concentrations. (Crit Care Med 2004; 32:1266–1271)
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reported to be inadequately low (12), sev-
eral authors speculated that infusion of
AVP in vasodilatory shock, comparable to
cortisol therapy in septic shock, repre-
sents hormone replacement rather than
vasopressor therapy (13–15). This would
imply that AVP therapy should be partic-
ularly effective in restoring cardiocircu-
latory function when AVP plasma concen-
trations are inadequately low. Therefore,
as a secondary end point, in addition to
differences in plasma hormone concen-
trations, we examined the relationship
between the hemodynamic response to
AVP and plasma concentrations of AVP
before start of therapy.

MATERIALS AND METHODS

The study protocol was approved by the
ethical committee and the institutional review
board of the Leopold-Franzens-University.
Written informed consent was obtained from
the next relatives of all patients eligible before
randomization. The study was performed at
the department of general and surgical inten-
sive care medicine in a university teaching
hospital, which is responsible for 23 intensive
care beds that are located in two separate
units. As a separate study arm, the study pro-
tocol was partly performed in the same study
population (n � 34) as a recently published
trial on the effects of AVP/NE therapy on he-
modynamic and laboratory variables in pa-
tients with advanced vasodilatory shock (11).
After inclusion of the first 14 patients into the
original protocol, data collection to examine
endocrinologic effects of a continuous AVP
infusion was started and performed along with
the hemodynamic protocol in 34 patients. For
the present study protocol, four further pa-
tients not included in the hemodynamic trial
were randomized to achieve an optimal num-
ber of hormone analysis from the test kits
available.

Thirty-eight critically ill patients suffering
from vasodilatory shock after cardiovascular
surgery or due to systemic inflammatory re-
sponse syndrome with and without sepsis (16)
with a mean arterial pressure �70 mm Hg
despite adequate volume resuscitation, and
NE requirements �0.5 �g·kg�1·min�1, were
prospectively enrolled. All patients were inva-
sively monitored including a pulmonary artery
catheter. Volume resuscitation was performed
according to the response of stroke volume to
fluid loading. Normovolemia was assumed if
volume loading with gelatin solutions pro-
duced no further increase in stroke volume
index. The pulmonary artery occlusion pres-
sure where stroke volume index was maximal
was used as therapeutic target for additional
volume loading. If stroke volume index re-
mained �25 mL·min�1·m�2 or cardiac index

�2 L·min�1·m�2, a continuous infusion of
milrinone was started at dosages ranging from
0.3 to 0.6 �g·kg�1·min�1 (n � 34; AVP/NE
patients, n � 17; NE patients, n � 17). No
study patient received hydrocortisone or do-
pamine during the observation period. For
analgesia and sedation, sufentanil and mida-
zolam were continuously infused in all pa-
tients. No neuroleptic or other dopamine-
antagonizing agents was administered to
study patients during the observation period.

At study enrollment, patients were ran-
domized into an AVP/NE or a NE group using
a random-number generating computer pro-
gram. In AVP/NE patients, AVP (Pitressin;
Parke Davis) was infused at a constant rate of
4 units/hr; no bolus injections were given. NE
infusion was adjusted to maintain mean arte-
rial pressure �70 mm Hg. In NE patients,
mean arterial pressure �70 mm Hg was
achieved by adjusting NE infusion, as neces-
sary.

The primary study end point was to evalu-
ate differences in plasma hormone concentra-
tions between groups. The secondary study
end point was to examine the relationship
between the hemodynamic response to AVP
therapy and baseline plasma AVP concentra-
tions.

Age, gender, admission diagnosis, and in-
tensive care unit mortality rate were docu-
mented in all patients. A modified Goris mul-
tiple organ dysfunction syndrome score (17)
was calculated from worst clinical data at
study entry; furthermore, heart rate, mean
arterial pressure, stroke volume index, and NE
requirements were recorded at baseline and 1,
12, and 24 hrs after randomization.

In all patients, 9 mL of EDTA plasma was
collected at baseline and 24 as well as 48 hrs
after randomization. The blood samples were
centrifuged, and the plasma was subsequently
frozen at �80°C. After conclusion of the study
protocol, samples were blinded and trans-
ferred to an endocrinologic laboratory for de-
termination of plasma concentrations of AVP,
adrenocorticotropic hormone, cortisol, renin,

angiotensin II, aldosterone, prolactin, endo-
thelin I, and atrial natriuretic factor.

For determination of adrenocorticotropic
hormone, 0.1 mL of the EDTA plasma was
analyzed using a radioimmunoassay (RSL
J125 hACTH, ICN Biomedicals, NY). For cor-
tisol analysis, 0.1 mL of EDTA plasma was
extracted with 1 mL of dichlormethane; 0.2
mL of the organic solvent layer was evaporated
and reconstituted in 0.5 mL of phosphate-
gelatin puffer. Then 0.1 mL of this solution
was assayed using two different radioimmuno-
assay reagents [Anti-Cortisol C8409, Sigma
Chemical, St. Louis, MO; (1,2,6,7-3H) Cortisol
TRK407, Amersham, Buckingham Shire, UK].
For determination of aldosterone, 0.25 mL of
EDTA plasma was extracted with 2.5 mL of a
3:2 mixture of ethylacetate/hexane, evapo-
rated, and reconstituted in 1.25 mL of steroid
diluent. Then 0.5 mL of extract was analyzed
using a radioimmunoasssay (DA J125, ICN
Biomedicals, NY). Plasma concentrations of
prolactin were determined using 0.05 mL of
EDTA plasma that was assayed with an en-
zyme-linked immunosorbent assay (MTPL,
DRG Diagnostics, Marburg, Germany). For
quantitative determination of atrial natri-
uretic factor, 0.01 mL of EDTA plasma was
diluted 1:5 in assay buffer and measured in a
sandwich enzyme immunoassay [proANP (1-
98); Biomedica, Vienna, Austria]. For analysis
of plasma renin activity, 0.25 mL of EDTA
plasma was incubated at 37°C for 90 mins to
generate angiotensin I, and 0.25 mL of EDTA
plasma was incubated at 4°C for 90 mins as
control. From each incubation sample, 0.1 mL
was examined using a radioimmunoassay
(J125 Plasma Renin Activity, DRG Diagnos-
tics). The result was obtained by subtracting
the 4°C values from the 37°C values. For de-
termination of AVP, angiotensin II, and endo-
thelin I, 1 mL of EDTA plasma was extracted
with 4 mL of ethanol, evaporated, and recon-
stituted in 1 mL of assay buffer and 0.3 mL of
extract. Then 0.4 mL of extract or 0.1 mL of
extract was assayed using radioimmuno- or

Table 1. Characteristics of study patients

AVP/NE NE p Value

No. 19 19
Age, yrs 67.4 � 10 71.2 � 11.6 .279
Gender, male 11/19 (57.9) 12/19 (63.2) .732
Diagnosis, n (%)

SIRS 4/19 (21.1) 7/19 (36.8) .476
SS 7/19 (36.8) 5/19 (26.3) .728
PS 8/19 (42.1) 7/19 (36.8) 1

MODS 11.7 � 0.9 11.6 � 1.1 .316
ICU mortality, n (%) 13/19 (68.4) 13/19 (68.4) 1

AVP, arginine vasopressin; NE, norepinephrine; SIRS, systemic inflammatory response syndrome;
SS, septic shock; PS, postcardiotomy shock; MODS, multiple organ dysfunction syndrome score; ICU,
intensive care unit.

Data are given as mean � SD and n (%).
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enzymeimmunoassays, respectively (DRG Di-
agnostics).

Statistical Analysis. Continuous demo-
graphic and clinical data were compared, if
Gaussian distributed with independent sample
Student’s t-tests (age) and if non-Gaussian dis-
tributed with Mann-Whitney U rank sum test.
Categorical data were compared with the use
of chi-square test (gender, diagnosis, intensive
care unit mortality). To evaluate differences in
hormone plasma concentrations between
study groups, linear mixed effects models
(SPSS 11.0 for Windows; SPSS, Chicago, IL)
were used to account for death-related drop-
outs (18). The relationship between plasma
concentrations of AVP and the hemodynamic
response to AVP infusion (changes from base-
line in mean arterial pressure at 1 and 24 hrs,
heart rate, stroke volume index, and norepi-
nephrine requirements at 24 hrs) was ana-
lyzed using a linear regression model. Sha-
piro-Wilks tests were used to check for
normality distribution, which was fulfilled in
all variables except for prolactin plasma concen-
trations at baseline (Shapiro Wilks test: AVP/NE
patients, p � .041; NE patients, p � .001). After
log transformation, normality assumption could
be achieved (Shapiro Wilks: AVP/NE patients, p
� .967; NE patients, p � .358).

Main effects between groups and within
repeated measurements were given and con-
sidered to indicate statistical significance if
�.05. All data are given as mean � SD, if not
indicated otherwise.

RESULTS

Thirty-eight patients suffering from ad-
vanced vasodilatory shock (systemic vascu-
lar resistance, 693 � 333 dyne·sec·cm�5)

with a mean arterial pressure of 65 � 8.2
mm Hg despite NE requirements of 0.8 �
0.4 �g·kg�1·min�1 were included in this
study protocol.

There were no significant differences
in age, gender, incidence of systemic in-
flammatory response syndrome, septic or
postcardiotomy shock, severity of multi-
ple organ dysfunction syndrome, and in-
tensive care unit mortality rates between
study groups (Table 1).

Changes in plasma hormone concen-
trations in AVP/NE and NE patients are
presented in Table 2. There were no dif-
ferences in hormone plasma concentra-
tions between AVP/NE and NE patients at
baseline. AVP/NE patients showed signif-
icantly higher AVP and prolactin plasma
concentrations during the study period.
AVP (p � .001) and prolactin (p � .001)
plasma concentrations significantly in-
creased during the study period. There
were no significant differences between
groups in plasma concentrations of adre-
nocorticotropic hormone, cortisol, renin,
angiotensin II, aldosterone, endothelin I,
and atrial natriuretic factor.

In the linear regression model, there
was no significant correlation between
plasma AVP concentrations before start of
AVP therapy and the increase in mean ar-
terial pressure during the first hour of AVP
infusion (Pearson’s correlation coefficient
� .134, p � .584; Fig. 1). Additionally, no
significant correlation was detected be-
tween AVP plasma concentrations before

start of AVP therapy and hemodynamic
changes in mean arterial pressure (Pear-
son’s correlation coefficient � �.198, p �
.417), heart rate (Pearson’s correlation co-
efficient � �.065, p � .791), stroke volume
index (Pearson’s correlation coefficient �
�.106, p � .687), and NE requirements
(Pearson’s correlation coefficient � .04,
p � .869) during 24 hrs of AVP infusion
(Fig. 2).

DISCUSSION

In this prospective, randomized study,
a combined infusion of AVP and NE re-

Figure 1. Relationship between arginine vaso-
pressin (AVP) plasma concentrations before start
of AVP therapy and the increase in mean arterial
pressure (MAP) during the first hour of AVP in-
fusion (n � 19; linear regression model).

Table 2. Changes in plasma hormone concentrations in vasopressin and norepinephrine patients

Hormone
Normal
Range Group

Before AVP
Infusion
(n � 38)

24 Hrs
(n � 38)

48 Hrs
(n � 26) p Value

AVP, pg/mL 0–13 AVP/NEa 8.6 � 4.6 179.2 � 90.1b 158.7 � 53.4b �.001c

NE 10.2 � 7.8 11.9 � 11.8 16.8 � 34.6
ACTH, ng/L 10–100 AVP/NE 49.2 � 29.8 36.4 � 16.1 35.3 � 10

NE 38.1 � 21.4 34.4 � 20.7 30.3 � 15.3
Cortisol, �g/L 30–220 AVP/NE 235 � 122 259 � 120 217 � 102

NE 193 � 219 222 � 199 200 � 106
Renin, �g�L�1�hr�1 1.0–3.0 AVP/NE 38.7 � 19.3 35.3 � 24.6 25.3 � 22.8

NE 42.8 � 25.5 42.7 � 26.7 33.3 � 24.4
Angiotensin II, pmol/L 19–38 AVP/NE 119 � 115 74 � 52 55 � 34

NE 102 � 101 111 � 117 104 � 118
Aldosterone, �g/L 0.03–0.25 AVP/NE 0.07 � 0.12 0.05 � 0.06 0.07 � 0.07

NE 0.05 � 0.08 0.09 � 0.14 0.11 � 0.23
Prolactin, �g/L 5–35 AVP/NEa 62.3 � 69.1 73.3 � 103 126.3 � 123.9b �.001c

NE 28.5 � 21 31.1 � 20 32.5 � 17.2
Endothelin I, ng/L 3–25 AVP/NE 5.6 � 5.2 6.8 � 5.9 4.7 � 3.1

NE 5 � 6 4.8 � 3.6 5.4 � 5.1
ANF, �mol/L 0–1945 AVP/NE 17,083 � 10,732 19,915 � 9514 24,800 � 11,005

NE 19,906 � 11,059 21,356 � 13,218 14,654 � 5978

AVP, arginine vasopressin; NE, norepinephrine; ACTH, adrenocorticotropic hormone; ANF, atrial natriutretic factor.
aSignificant time effect; bsignificant effect vs. baseline; csignificant group effect. Data are given as mean � SD.
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sulted in higher AVP and prolactin
plasma concentrations than infusion of
NE alone. The increase in mean arterial
blood pressure during the first hour of
AVP/NE therapy, as well as the hemody-
namic response in mean arterial pres-
sure, heart rate, stroke volume index, and

NE requirements to AVP during 24 hrs of
AVP therapy, was independent of AVP
plasma concentrations before study en-
try.

During physiologic conditions, AVP
acts as an important secretagogue on dif-
ferent endocrinologically active organs

(2). However, in these critically ill pa-
tients with advanced vasodilatory shock
and severe multiple organ dysfunction
syndrome, AVP/NE infusion only led to
an increase in prolactin plasma concen-
trations. This may be explained by a V1b-
receptor-stimulated increase in prolactin

Figure 2. Relationship between arginine vasopressin (AVP) plasma concentrations before start of AVP therapy and hemodynamic changes in heart rate,
mean arterial pressure (MAP), stroke volume index, and norepinephrine (NE) requirements during 24 hrs of AVP infusion (n � 19, linear regression model).
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secretion from the anterior pituitary (19).
Aside from stimulatory actions on mam-
mary tissue, prolactin plays a significant
role in regulation of the cellular immune
response by enhancing natural killer cell,
macrophage, and lymphocyte function as
well as activation of interferon and inter-
leukin transcription factors (20). Also,
protective effects of prolactin have been
described in human sepsis and septic
shock (21, 22). For example, lower mor-
tality rates of females vs. males, and preg-
nant vs. nonpregnant women, in sepsis
have been attributed to higher prolactin
plasma concentrations (23, 24). There-
fore, one might speculate that an AVP-
induced increase in prolactin plasma con-
centrations could improve cellular
immune function in critically ill patients
with advanced vasodilatory shock and se-
vere multiple organ dysfunction syn-
drome. This study was, however, neither
designed nor powered to answer this hy-
pothesis. Aside from beneficial cardiovas-
cular effects, such an increase in prolac-
tin plasma concentrations might oppose
possible adverse effects of AVP infusion
on platelet count and excretory liver
function in advanced vasodilatory shock
(11).

Except for prolactin release, AVP/NE
infusion had no apparent stimulatory or
inhibitory effects on other hormones. Al-
though AVP is known to be a potent
secretagogue of the adrenocorticotropic
hormone and was even used to test adre-
nocorticotropic hormone and cortisol re-
lease (3), AVP/NE infusion had no effects
on plasma concentrations of these hor-
mones. Complex dysfunction of the hy-
pophyseal-adrenal axis has been reported
in critically ill patients (25–27) and could
possibly explain missing stimulatory ef-
fects of AVP/NE on release of the adreno-
corticotropic hormone and cortisol. It
may be speculated that similar mecha-
nisms could be responsible for the lack of
stimulatory or inhibiting effects of AVP
infusion on other hormones in advanced
vasodilatory shock and severe multiple
organ dysfunction syndrome.

Another finding of this study was that
the hemodynamic response in mean ar-
terial pressure, heart rate, stroke volume
index, and NE requirements to AVP/NE
infusion was independent of AVP plasma
concentrations before start of treatment.
This is in contrast to recent speculations
that the strong vasopressor effects of AVP
in vasodilatory shock would significantly
depend on a preexistent endogenous AVP
deficiency (13–15). Similarly, Argenziano

et al. (28) demonstrated reversal of vaso-
dilatory shock with AVP regardless of
baseline plasma AVP concentrations in
eight patients with postcardiotomy shock
after left ventricular assist device place-
ment. The results of this and the present
study suggest that AVP exerts strong va-
sopressor effect independently of AVP
plasma concentrations, at least in the set-
ting of advanced vasodilatory shock.
However, regardless of lack of a relation-
ship between AVP plasma concentrations
and hemodynamic response, administra-
tion of AVP to reach levels comparable to
those of acute hypotension in hemor-
rhage or septic shock was beneficial in
these study patients.

When interpreting this study, one has
to consider some limitations. First, since
no ACTH stimulation test was performed
in the study population, relative adrenal
insufficiency cannot be excluded as a ma-
jor contributor to hemodynamic instabil-
ity in some study patients. It may be
speculated that a continuous cortisol in-
fusion might have prevented the need for
AVP infusion in these cases. However, in
view of the advanced vasodilatory shock
state and mean cortisol values in the su-
pranormal range at all time points, this
possibility seems unlikely. Second, since
no data on the endocrinologic impact of a
continuous AVP/NE infusion in vasodila-
tory shock existed at the time of study
planning, no power analysis with sample
size estimation could be performed to
include an appropriate number of study
patients to detect clinically relevant dif-
ferences in main outcome variables, as-
suming an alpha error of .05 and a power
of 80%. Thus, the number of study pa-
tients included in this protocol might
have been too low to detect significant
differences between groups in other
hormones than AVP and prolactin. Ad-
ditionally, it cannot be excluded that
different underlying pathophysiologies
of vasodilatory shock in the study pa-
tients may have influenced the endocri-
nologic response to AVP infusion. Thus,
it is conceivable that the increase in
hormone concentrations in one study
group was compensated by a decrease
in the same hormone in the other
groups, leaving overall hormone
plasma concentrations unchanged.
However, in view of the small patient
numbers in each group, subgroup anal-
yses would statistically not allow clini-
cally relevant data interpretation.

CONCLUSIONS

In advanced vasodilatory shock, a
combined AVP and NE infusion increases
prolactin plasma concentrations. No ap-
parent stimulatory or inhibitory effects of
AVP on other hormones occur during
continuous infusion. Furthermore, he-
modynamic effects of an AVP infusion are
independent of baseline plasma AVP con-
centrations.
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