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Summary Arginine vasopressin (AVP) has been employed successfully during car-
diopulmonary resuscitation, but there exist only few data about the effects of AVP
infusion for cardiovascular failure during the post-cardiac arrest period.

Cardiovascular failure is one of the main causes of death after successful resus-
citation from cardiac arrest. Although the ‘‘post-resuscitation syndrome’’ has
been described as a ‘‘sepsis-like’’ syndrome, there is little information about
the haemodynamic response to AVP in advanced cardiovascular failure after
cardiac arrest. In this retrospective study, haemodynamic and laboratory vari-
ables in 23 patients with cardiovascular failure unresponsive to standard haemo-
dynamic therapy during the post-cardiac arrest period were obtained before,
and 30 min, 1, 4, 12, 24, 48, and 72 h after initiation of a supplementary
AVP infusion (4 IU/h). During the observation period, AVP significantly increased
mean arterial blood pressure (58 ± 14 to 75 ± 19 mmHg, p < 0.001), and decreased

noradrenaline (norepinephrine) (1.31 ± 2.14 to 0.23 ± 0.3 �g/kg/min, p = 0.03),
adrenaline (epinephrine) (0.58 ± 0.23 to 0.04 ± 0.03 �g/kg/min, p = 0.001), and mil-
rinone requirements (0.46 ± 0.15 to 0.33 ± 0.22 �g/kg/min, p < 0.001). Pulmonary
capillary wedge pressure changed significantly (p < 0.001); an initial increase being

� A Spanish translated version of the summary of this article appears as Appendix in the final online version at
0.1016/j.resuscitation.2006.06.003.
∗ Corresponding author. Tel.: +43 512 504 80483; fax: +43 512 504 22450.

E-mail address: viktoria.mayr@uibk.ac.at (V. Mayr).

300-9572/$ — see front matter © 2006 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.resuscitation.2006.06.003

http://dx.doi.org/10.1016/j.resuscitation.2006.06.003
mailto:viktoria.mayr@uibk.ac.at
dx.doi.org/10.1016/j.resuscitation.2006.06.003


apy could be reversed successfully with supplementary AVP infusion in >90% of patients
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doses was added if milrinone alone was not suffi-
cient. If MAP remained <65 mmHg, a noradrenaline
(NA) infusion was started. Except in two cases,
surviving cardiac arrest.
© 2006 Elsevier Ireland L

Introduction

Unfortunately, initial resuscitation from cardiac
arrest does not ensure long-term survival1; up
to 70% of patients successfully resuscitated die
before hospital discharge.2 The main causes of
post-resuscitation deaths are irreversible neurolog-
ical injury, uncontrollable cardiovascular failure,
and severe multiple organ dysfunction syndrome.3

Negovsky, a Russian, first described a systemic
‘‘post-resuscitation syndrome’’ with multiple
organ dysfunction after successful resuscitation
from cardiac arrest,4 and investigators from Pitts-
burgh have identified a specific ‘‘cardiovascular
post-resuscitation syndrome’’.5 Cardiovascular
failure after return of spontaneous circulation
is characterised by hypovolaemia6, myocardial
dysfunction,2,7 and excessive vasodilatation,3

Thus, cardiovascular failure after successful
resuscitation of cardiac arrest is similar to
inflammation-induced haemodynamic failure.
Accordingly, the ‘‘post-resuscitation syndrome’’
has recently been reported to be a ‘‘sepsis’’8 or
‘‘SIRS like’’ syndrome.9

AVP has been employed successfully during car-
diopulmonary resuscitation,10,11 but not to treat
vasodilatation in successfully resuscitated car-
diac arrest patients. AVP has frequently been
administered as a supplementary vasopressor in
advanced cardiocirculatory failure in sepsis and
after major surgery.12,13 Since resuscitated car-
diac arrest patients are especially vulnerable to
catecholamine-mediated complications, infusion
of AVP may be beneficial in the treatment of
excessive vasodilatation unresponsive to standard
haemodynamic therapy due to the catecholamine-
sparing effects. In refractory cardiogenic shock
after myocardial infarction, AVP was associated
with increased MAP and no adverse effect on other
haemodynamic variables.14

This retrospective analysis evaluates the haemo-

dynamic, and laboratory response to a supplemen-
tary AVP infusion in 23 patients with advanced
cardiovascular failure following resuscitation from
cardiac arrest.
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atients and methods

etween January 2003 and July 2005, all medi-
al records from a 23 bed general surgical and
rauma intensive care unit in a university hospi-
al, and a 10-bed general and surgical intensive
are unit of a district hospital were reviewed for
atients who were admitted after resuscitation of
ardiac arrest. Patients who were treated with a
upplementary AVP infusion (Pitressin®; Pfizer, Karl-
ruhe, Germany) because of advanced cardiovascu-
ar failure unresponsive to standard therapy, were
ncluded in the study protocol.

Age, sex, body mass index, cause, location, and
nitial ECG rhythm of cardiac arrest, length of inten-
ive care unit stay and AVP infusion, severest multi-
le organ dysfunction syndrome score,15 intensive
are unit mortality, and Glasgow Outcome Scale of
urvivors on discharge from the intensive care unit
ere documented. Causes of death in non-survivors
ere documented by reviewing clinical records.
urthermore, autopsy documents were evaluated
or additional macro or microscopic diagnoses
hich had not been included in clinical reports.
All study patients were monitored invasively

ith an arterial, central venous, as well as a pul-
onary arterial catheter, and were treated accord-

ng to a standardised haemodynamic protocol. Fluid
esuscitation was performed using colloid solutions
ntil stroke volume index could not be increased
urther by volume loading. Pulmonary capillary
edge pressure when stroke volume was maxi-
al was used as a therapeutic target for further
uid resuscitation. If stroke volume index remained
25 mL/min/m2, cardiac index <2 L/min/m2, or
ixed venous saturation <65%, a continuous infu-

ion of milrinone was started at doses ranging from
.3—0.7 �g/kg/min. Adrenaline infusion at variable
36 V. Mayr et al.

followed by a decrease below baseline values. While arterial lactate concen-
trations (95 ± 64 to 21 ± 18 mg/dL, p < 0.001) and pH (7.27 ± 0.14 to 7.4 ± 0.14,
p < 0.001) improved significantly, total bilirubin concentrations (1.12 ± 0.95 to
3.04 ± 3.79 mg/dL, p = 0.001) increased after AVP. There were no differences in the
haemodynamic or laboratory response to AVP between survivors and non-survivors.
In this study, advanced cardiovascular failure that was unresponsive to standard ther-
ll patients received a continuous hydrocortisone
nfusion (200—300 mg/day) in combination with NA.
wo patients were treated with intra-aortic balloon
ounterpulsation.
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asopressin after cardiac arrest

If a stepwise increase in the NA dose by
.2 �g/kg/min over two hours did not restore MAP,
VP was started as a supplementary infusion at
continuous dose of 4 IU/h. No bolus injections

ere administered in any patient. NA dose was then
djusted to maintain MAP >65 mmHg, while the AVP
ose remained constant at 4 IU/h. If NA doses could
e decreased <0.2—0.3 �g/kg/min, AVP was slowly
apered off according to the response in MAP.

All patients were mechanically ventilated and
iven analgesia and sedated with a continuous
nfusion of sufentanil and midazolam. During the
bservation period, nine patients (39.1%) required
ontinuous veno-venous haemofiltration for renal
ndications (ultrafiltration rates, 20—30 mL/min).
omparable cardiovascular and supportive treat-
ent in the university and the district hospital can
e ensured, because the director of the general and
urgical intensive care unit of the district hospital
as the former clinician-in-charge of the intensive
are unit at the university hospital.

The primary study endpoint was to evaluate
he haemodynamic and in particular the car-

iac response to a supplementary AVP infusion
n patients with advanced cardiovascular failure
fter successful resuscitation of cardiac arrest. The
econdary study endpoint was to examine labora-

S

S
m

Table 1 Characteristics of study patients, survivors, and n

All study patients

n 23
Age (years) 65.1 ± 15.5
Male sex (n/%) 18/23 (78.3%)
BMI (kg/m2) 25 ± 4

Cause of CA
Cardiac 11/23 (47.8%)
Pulmonary embolism 1/23 (4.3%)
Haemorrhage 3/23 (13%)
Hypoxia 2/23 (8.6%)
Unknown 6/23 (26.1%)

In-hospital CA (n/%) 11/23 (60.9%)

Cardiac arrest rhythm
Ventricular fibrillation 14/23 (61%)
Asystole 7/23 (30%)
EMD 2/23 (9%)

MODS-score (points) 10.6 ± 1.5
CVVHF (n/%) 9/23 (39.1%)
Duration of AVP (h) 46 ± 42.6
ICU stay (days) 4.6 ± 7.8
GOS (points) 1.9 ± 1.4

BMI, body mass index; CA, cardiac arrest; MODS, multiple organ dy
tration; AVP, arginine—vasopressin; ICU, intensive care unit; GOS,
mean values ± S.D., if not indicated otherwise.

* Significant difference between survivors and non-survivors.
37

ory variables during supplementary AVP infusion in
hese patients.

Heart rate, MAP, central venous pressure, mean
ulmonary arterial pressure, cardiac index, stroke
olume index, and pulmonary capillary wedge pres-
ure, as well as NA, milrinone, and epinephrine
equirements were documented before, 0.5, 1, 4,
2, 24, 48, and 72 h after start of AVP therapy.
ystemic and pulmonary vascular resistance index
ere calculated according to standard formulae at

he same time points.
The pH, arterial lactate concentrations, and

aboratory variables (serum creatinine, aspar-
ate aminotransferase, alanine aminotransferase,
otal bilirubin, PaO2/FiO2 quotient, platelet count,
reatinkinase-MB, troponin I concentrations) were
ecorded before, 24, 48, and 72 h after implemen-
ation of AVP. Additionally, if excretory renal func-
ion was preserved, daily urine output was docu-
ented before and at the same intervals after study

nclusion.
tatistical analysis

hapiro Wilk’s tests were used to check for nor-
al distribution of data, which was approximately

on-survivors

Survivors Non-survivors p-Value

8 15
65.4 ± 14.9 66.6 ± 15.7 0.87
6/8 (75%) 12/15 (80%) 1
26.1 ± 5 24.4 ± 4 0.4

0.564
4/8 (50%) 7/15 (46.7%)
0/8 (0%) 1/15 (6.7%)
2/8 (25%) 1/15 (6.7%)
0/8 (0%) 2/15 (13.3%)
2/8 (25%) 4/15 (26.7%)

6/8 (75%) 5/15 (33.3%) 0.09

0.15
7/8 (88%) 7/15 (47%)
1/8 (12%) 6/15 (40%)
0/8 (0%) 2/15 (13%)

9.5 ± 1.5 11.1 ± 1.3 0.04*

3/8 (37.5%) 6/15 (40%) 1
55.7 ± 38.2 38.5 ± 44.4 0.39
9.3 ± 14.4 3.6 ± 6.2 0.57
3.6 ± 3.8 1 ± 0 <0.001*

sfunction syndrome; CVVHF, continuous veno-venous hemofil-
Glasgow Outcome Score at ICU discharge. Data are given as
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Table 2 Macrocirculatory variables in all study patients, survivors, and non-survivors

Timepoint (h) p-Value

Baseline (n = 23) 0.5 (n = 23) 1 (n = 23) 4 (n = 21) 12 (n = 17) 24 (n = 14) 48 (n = 11) 72 (n = 9)

MAP (mmHg)
All 58 ± 14 70 ± 17 72 ± 18 72 ± 17 80 ± 16 79 ± 20 86 ± 12 75 ± 19 <0.001*

S 55 ± 11 79 ± 12 83 ± 14 81 ± 8 83 ± 8 77 ± 8 89 ± 8 87 ± 10 0.39
NS 59 ± 16 66 ± 18 66 ± 17 68 ± 18 77 ± 20 80 ± 25 83 ± 14 66 ± 19

SVRI (dyn s/cm5)
All 1689 ± 899 2293 ± 1146 1659 ± 653 2100 ± 544 1862 ± 727 2021 ± 392 1996 ± 472 1359 ± 356 0.35
S 1594 ± 608 2426 ± 578 1905 ± 523 2109 ± 553 2513 ± 750 1952 ± 539 2628 ± 612 1430 ± 134 0.48
NS 1757 ± 1105 2194 ± 1541 1462 ± 734 2089 ± 618 1537 ± 519 2048 ± 393 1785 ± 261 1296 ± 513

MPAP (mmHg)
All 28 ± 5 26 ± 7 26 ± 7 26 ± 6 26 ± 5 23 ± 7 26 ± 6 24 ± 6 0.94
S 29 ± 3 27 ± 8 27 ± 8 28 ± 6 29 ± 5 28 ± 4 28 ± 5 26 ± 2 0.7
NS 27 ± 7 26 ± 6 26 ± 6 25 ± 6 24 ± 5 20 ± 6 25 ± 4 22 ± 7

PVRI (dyn s/cm5)
All 406 ± 206 336 ± 255 289 ± 129 210 ± 117 244 ± 136 200 ± 72 237 ± 118 229 ± 172 0.09
S 459 ± 295 504 ± 243 358 ± 64 233 ± 132 159 ± 79 148 ± 83 171 ± 123 169 ± 233 0.053
NS 364 ± 123 167 ± 148 343 ± 152 189 ± 101 305 ± 171 264 ± 136 279 ± 83 292 ± 121

NE (�g/kg/min)
All 1.31 ± 2.14 1 ± 1.59 1.11 ± 1.65 1.15 ± 1.94 0.52 ± 0.53 0.47 ± 0.51 0.33 ± 0.4 0.23 ± 0.3 0.03*

S 0.39 ± 0.28 0.44 ± 0.39 0.41 ± 0.4 0.42 ± 0.4 0.41 ± 0.3 0.32 ± 0.27 0.26 ± 0.3 0.15 ± 0.14 0.98
NS 1.78 ± 2.51 1.29 ± 1.89 1.46 ± 1.92 1.58 ± 2.35 0.62 ± 0.68 0.56 ± 0.62 0.39 ± 0.48 0.3 ± 0.4

HR, heart rate; S, survivors; NS, non-survivors; MAP, mean arterial blood pressure; SVRI, systemic vascular resistance index; MPAP, mean pulmonary arterial blood pressure; PVRI,
pulmonary vascular resistance index; NA, noradrenaline. Data are given as mean values ± S.D.

* Significant effect within repeated measurements.
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Table 3 Cardiac variables in all study patients, survivors and non-survivors

Timepoint (h) p-Value

Baseline (n = 23) 0.5 (n = 23) 1 (n = 23) 4 (n = 21) 12 (n = 17) 24 (n = 14) 48 (n = 11) 72 (n = 9)

HR (beats/min)
All 101 ± 34 100 ± 30 103 ± 27 101 ± 28 94 ± 24 90 ± 20 83 ± 25 80 ± 17 0.063
S 105 ± 23 98 ± 21 98 ± 21 97 ± 21 95 ± 24 91 ± 24 83 ± 26 80 ± 17 0.651
NS 99 ± 39 102 ± 34 105 ± 29 104 ± 30 97 ± 25 94 ± 16 85 ± 20 91 ± 14

CI (L/min/m2)
All 2.5 ± 1 2.7 ± 1.2 2.9 ± 0.7 2.5 ± 0.6 2.7 ± 0.4 2.5 ± 0.4 2.7 ± 0.5 3 ± 1 0.269
S 2.6 ± 1 2.5 ± 0.5 2.9 ± 0.7 2.8 ± 0.6 2.4 ± 0.4 2.7 ± 0.3 2.3 ± 0.4 3.1 ± 1.2 0.469
NS 2.5 ± 1 2.9 ± 1.7 2.9 ± 0.9 2.2 ± 0.5 2.8 ± 0.4 2.4 ± 0.4 2.8 ± 0.5 2.9 ± 0.6

SVI (mL/beat/m2)
All 29 ± 10 29 ± 9 29 ± 8 29 ± 11 34 ± 8 29 ± 7 42 ± 16 35 ± 6 0.738
S 30 ± 12 34 ± 6 32 ± 13 33 ± 13 42 ± 11 38 ± 12 45 ± 21 43 ± 9 0.905
NS 28 ± 10 26 ± 11 28 ± 6 23 ± 5 31 ± 4 27 ± 6 34 ± 7 32 ± 5

PCWP (mmHg)
All 15 ± 3 17 ± 5 16 ± 3 19 ± 5 16 ± 5 14 ± 5 16 ± 3 13 ± 2 <0.001*

S 17 ± 3 14 ± 5 18 ± 2 21 ± 3 21 ± 6 16 ± 7 17 ± 4 14 ± 3 0.324
NS 14 ± 3 20 ± 1 16 ± 5 15 ± 4 15 ± 5 13 ± 4 15 ± 3 13 ± 2

Milrinone (�g/kg/min)
All 0.46 ± 0.15 0.45 ± 0.14 0.44 ± 0.15 0.43 ± 0.17 0.47 ± 0.15 0.44 ± 0.15 0.33 ± 0.19 0.33 ± 0.22 <0.001*

S 0.42 ± 0.15 0.42 ± 0.15 0.42 ± 0.15 0.42 ± 0.15 0.38 ± 0.12 0.32 ± 0.06 0.23 ± 0.1 0.23 ± 0.15 0.079
NS 0.5 ± 0.15 0.47 ± 0.15 0.46 ± 0.15 0.44 ± 0.19 0.53 ± 0.15 0.51 ± 0.15 0.44 ± 0.2 0.41 ± 0.25

A (�g/kg/min)
All 0.58 ± 0.23 0.46 ± 0.19 0.44 ± 0.18 0.35 ± 0.22 0.23 ± 0.25 0.28 ± 0.3 0.05 ± 0.02 0.04 ± 0.03 0.001*

S 0.59 ± 0.41 0.39 ± 0.29 0.35 ± 0.25 0.23 ± 0.19 0.13 ± 0.14 0.09 ± 0 0.04 ± 0 0.01 ± 0 0.772
NS 0.57 ± 0.09 0.51 ± 0.11 0.5 ± 0.12 0.42 ± 0.22 0.31 ± 0.3 0.32 ± 0.33 0.05 ± 0.03 0.05 ± 0.02

CI, cardiac index; S, survivors; NS, non-survivors; PCWP, pulmonary capillary wedge pressure; A, adrenaline. Data are given as mean values ± S.D.
* Significant effect within repeated measurements.
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Table 4 Acid base and laboratory variables of all study patients, survivors and non-survivors

Timepoint (h) p-Value

Baseline (n = 23) 24 (n = 14) 48 (n = 11) 72 (n = 9)

pH
All 7.27 ± 0.14 7.38 ± 0.08 7.41 ± 0.05 7.4 ± 0.14 <0.001*

S 7.3 ± 0.1 7.38 ± 0.08 7.4 ± 0.06 7.42 ± 0.04 0.375
NS 7.25 ± 0.16 7.37 ± 0.08 7.43 ± 0.03 7.38 ± 0.19

Lactate (mg/dL)
All 95 ± 64 47 ± 36 25 ± 18 21 ± 18 <0.001*

S 64 ± 46 16 ± 8 13 ± 6 10 ± 3 0.674
NS 110 ± 68 62 ± 35 31 ± 20 30 ± 20

Creatinine (mg/dL)
All 1.99 ± 0.69 3.03 ± 1.23 2.1 ± 0.94 2.4 ± 1.19 0.062
S 1.75 ± 0.69 2.85 ± 1.16 2.01 ± 1.78 2.12 ± 0.9 0.886
NS 2.11 ± 0.68 3.15 ± 1.36 3.12 ± 2.28 2.16 ± 1.2

Daily urine (mL)
All 930 ± 937 2048 ± 1842 1992 ± 1345 1748 ± 1285 0.161
S 1499 ± 1221 1663 ± 2061 1534 ± 2141 1323 ± 1488 0.374
NS 605 ± 614 2240 ± 2023 2450 ± 970 2600 ± 0

ASAT (IU/L)
All 1029 ± 2612 1586 ± 1972 1046 ± 1108 571 ± 605 0.073
S 321 ± 681 837 ± 1563 645 ± 1272 664 ± 994 0.769
NS 1381 ± 3143 2053 ± 2150 1379 ± 931 501 ± 239

ALAT (IU/L)
All 449 ± 901 798 ± 869 910 ± 910 820 ± 752 0.171
S 179 ± 390 401 ± 799 409 ± 819 595 ± 940 0.931
NS 585 ± 1059 1045 ± 864 1328 ± 813 989 ± 675

Total bilirubin (mg/dL)
All 1.12 ± 0.95 2.03 ± 1.62 2.65 ± 2.41 3.04 ± 3.79 0.001*

S 1.31 ± 0.76 1.29 ± 0.62 1.83 ± 1.74 1.38 ± 0.85 0.255
NS 1.02 ± 1.05 2.48 ± 1.91 3.32 ± 2.83 4.7 ± 5.03

PaO2/FiO2

All 210 ± 135 233 ± 74 217 ± 96 234 ± 97 0.287
S 183 ± 79 253 ± 51 232 ± 90 300 ± 25 0.306
NS 223 ± 156 220 ± 86 202 ± 109 181 ± 101

Platelets (1.000/�L)
All 202 ± 96 170 ± 83 158 ± 108 100 ± 70 0.158
S 165 ± 56 181 ± 76 199 ± 113 128 ± 40 0.293
NS 220 ± 108 162 ± 91 124 ± 99 78 ± 85

CK-MB (IU/L)
All 57 ± 86 53 ± 61 44 ± 32 29 ± 22 0.887
S 69 ± 102 5 ± 4 9 ± 0 10 ± 0 0.382
NS 50 ± 82 69 ± 63 62 ± 15 39 ± 21

Troponin I (IU/L)
All 42 ± 86 60 ± 153 10 ± 16 3 ± 5 0.142
S 7 ± 9 2 ± 2 1 ± 1 0.4 ± 0.4 0.594
NS 67 ± 106 108 ± 201 20 ± 21 6 ± 8

S, survivors; NS, non-survivors; ASAT, aspartate—aminotransferase; ALAT, alanine—aminotransferase; CK-MB, creatinkinase-MB.
Data are given as mean values ± S.D.

* Significant effect within repeated measurements.
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Table 5 Clinical causes of death and additional post-
mortem diagnoses in non-survivors

n (15) Frequency (%)

Clinical causes of death
Irreversible neurological

injury
7 46.7

Irreversible multiple organ
dysfunction syndrome

6 40

Uncontrolled
cardiovascular failure

2 13.3

Additional post-mortem diagnoses
Acute myocardial

infarction
5 33.3

Acute biventricular heart
failure

3 20

Acute right heart failure 2 13.3
Non-occlusive mesenteric

ischaemia
2 13.3

Fulminant pulmonary
embolism

1 6.7

Thromboembolic
mesenteric ischaemia

1 6.7
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asopressin after cardiac arrest

ulfilled in all variables except for central venous
ressure, pH, and serum creatinine, alanine amino-
ransferase, aspartate aminotransferase, total
ilirubin, arterial lactate, and creatinkinase-MB
oncentrations. These variables were either log-
ransformed in order to reach normal distribu-
ion or were analysed using non-parametric tests,
f normal assumption could not be attained by
og-transformation. Demographic and clinical data
ere analysed using descriptive and standard statis-

ical methods. Repeated measurements were anal-
sed using a mixed effects model (SPSS®; SPSS Inc,
hicago, IL, United States of America).16 p-Values
0.05 were considered to indicate statistical signif-
cance. All data are given as mean values ± S.D., if
ot indicated otherwise.

esults

uring the study period, 96 patients after primary
esuscitation from cardiac arrest (55 (57.3%), out-
f-hospital cardiac arrest; 41 (42.7%), in-hospital
ardiac arrest) were admitted to the two depart-
ents (university hospital, n = 46; district hospi-

al, n = 50). Twenty-three patients (24%) devel-
ped severe cardiovascular failure unresponsive
o standard therapy and required a supplemen-
ary AVP infusion. Overall mortality of post-cardiac
rrest patients was 50% (47/96). The mortality rate
f patients who could be managed without AVP
as 43.8% (32/73), while it was 65.2% (15/23) in
atients unresponsive to standard haemodynamic
herapy (p = 0.1).

Table 1 presents characteristics of all study
atients. Non-survivors had a significantly higher
ultiple organ dysfunction syndrome score and a

ower Glasgow Outcome Score count than survivors.
here were no differences in age, sex, body mass

ndex, cause of cardiac arrest, percentage of in-
ospital cardiac arrest, need for continuous veno-
enous hemofiltration, duration of AVP infusion, or
ength of intensive care unit stay between survivors
nd non-survivors.

Macrohaemodynamic variables in all study
atients are summarised in Table 2. Mean time
etween intensive care unit admission and start
f AVP infusion was 17 ± 30 h. There was a signif-
cant increase in MAP, and a significant decrease in
A requirements during the observation period. No
tatistically significant changes in heart rate, sys-
emic vascular resistance index, mean pulmonary

rterial pressure, or pulmonary vascular resistance
ndex occurred during AVP therapy. Table 3 displays
ardiac variables in the study population. While
here was no change in cardiac or stroke volume

a
i
i
w

Acute liver failure 1 6.7

Some patients may have suffered from more than one pathol-
ogy.

ndex, and central venous pressure, pulmonary cap-
llary wedge pressure significantly changed during
he observation period. Changes in pulmonary cap-
llary wedge pressure occurred in a biphasic pattern
ith an early increase followed by a subsequent
ecrease below baseline values. Adrenaline and
ilrinone doses decreased significantly during the

bservation period.
Acid base and laboratory variables are displayed

n Table 4. The pH significantly increased, and arte-
ial lactate concentrations significantly decreased
fter initiation of AVP therapy. During AVP infu-
ion, total bilirubin concentrations increased sig-
ificantly. There were no significant differences in
ther laboratory variables such as platelet count.

Table 5 presents clinical and additional post-
ortem diagnoses of non-survivors. Irreversible

eurological injury and multiple organ dysfunc-
ion syndrome were the two most frequent clinical
auses of death in this study population.

iscussion

n 23 patients with advanced cardiovascular failure
fter successful initial resuscitation from cardiac

rrest, a supplementary AVP infusion significantly
ncreased MAP, and decreased NA as well as
notropic drug requirements. Pulmonary capillary
edge pressure changed significantly during AVP
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therapy. While arterial lactate concentrations and
pH improved significantly, total bilirubin concentra-
tions increased after start of AVP infusion. There
were no differences in the haemodynamic or labo-
ratory response to AVP between survivors and non-
survivors.

During supplementary AVP infusion, advanced
cardiovascular failure unresponsive to standard
therapy could be reversed successfully in >90% of
post-cardiac arrest patients, in whom irreversible
shock is usually one of the main causes of death.3

Only two patients succumbed due to uncontrolled
cardiovascular failure despite AVP therapy in this
severely ill study population. In all other patients,
stabilisation of advanced cardiovascular failure
facilitated either survival or allowed a planned
therapeutic decision based on results of neuro-
logical/neurophysiological examinations or careful
assessment of systemic organ functions. Although
not the case in this study, reversal of uncon-
trolled cardiovascular failure with AVP in the post-
resuscitation phase in patients with irreversible
neurological injury can enable the completion of
diagnosis of brain death, and may thus increase
availability of transplantable organs.17

The haemodynamic response to AVP in this
study population was similar to that in patients
with septic shock or vasodilatory shock after car-
diac surgery or due to overwhelming systemic
inflammation.18—21 As described in patients with
catecholamine-resistant shock,22 haemodynamic
effects of AVP were the same in survivors and non-
survivors. However, in these post-cardiac arrest
patients, the increase in MAP after initiation of AVP
therapy can not only be explained by an increase
of the systemic vascular resistance index and thus
by AVP-induced vasoconstriction, but it may also be
hypothesised that significant reductions of high and
potentially toxic NA (1.31 �g/kg/min; reduction by
82%) and adrenaline (0.58 �g/kg/min; reduction
by 93%) doses contributed to the improvement in
haemodynamic variables.

Although deterioration of cardiac function after
bolus injections of AVP has been reported in ani-
mal studies in the post-resuscitation phase,23,24

myocardial function was not compromised after
start of AVP infusion at doses not exceeding 4 IU/h
in this analysis. In contrast, cardiac and stroke
volume index remained unchanged, despite a 93%
reduction in adrenaline and an 18% reduction in
milrinone requirements. Moreover, the course of
creatinkinase-MB and troponin I serum concentra-

tions indicated no further ischaemic injury to the
myocardium, but rather a resolution during AVP
infusion. When compared with results of AVP ther-
apy in patients with advanced vasodilatory shock

t
r
A

V. Mayr et al.

fter cardiac surgery25, a decrease in heart rate
ould not be observed during AVP therapy in post-
ardiac arrest patients. A severe inflammatory
esponse during the reperfusion period of cardiac
rrest9,26 possibly exerting substantial tachycardic
ffects27 may explain this difference.

The observation that pulmonary capillary wedge
ressure changed significantly during AVP ther-
py supports the finding that the haemodynamic
esponse to AVP in post-cardiac arrest patients
s similar, but not identical to, the effects of
VP in patients with advanced vasodilatory shock
ue to other underlying pathologies.15 Although
n increase in pulmonary capillary wedge pres-
ure is mainly the consequence of reduced car-
iac output,28 unchanged cardiac and stroke vol-
me index cannot explain the observed changes in
hese study patients. Neither can variations of the
ulmonary capillary wedge pressure be attributed
o adverse AVP effects on cardiac function in non-
urvivors, since in these patients, cardiac and
troke volume index did not deteriorate during
VP therapy. Since fluid status may also influence
ulmonary capillary wedge pressure, changes in
uid therapy may have potentially also caused the

ncrease in pulmonary capillary wedge pressure.
owever, in view of the adherence to the haemody-
amic protocol which uses the pulmonary capillary
edge pressure as a target for fluid therapy, this
echanism seems unlikely, although it cannot be

xcluded finally. In view of these results, the effects
f AVP on cardiac function in the post-cardiac arrest
eriod deserve further evaluation and serve as a
eminder that caution is necessary when initiating
VP in post-cardiac arrest patients with impaired
entricular function.

Systemic tissue perfusion as assessed by arte-
ial lactate concentrations and pH improved sig-
ificantly independently of patient outcome dur-
ng supplementary AVP therapy. Macroscopic signs
f non-occlusive intestinal ischaemia were found
t autopsy in two non-survivors who received AVP
or 4 and 107 h, respectively. If AVP significantly
ompromised splanchnic perfusion, signs of intesti-
al ischaemia might be exepcted to be present in
ther non-survivors as well. Although gut perfu-
ion was not measured non-clinically in this pro-
ocol, and this study does not have a control
roup, these results support the finding of a recent
eport that supplementary AVP infusion in advanced
ardiovascular failure does not compromise tissue
erfusion.29
Raised total bilirubin concentrations during AVP
herapy are in agreement with data from earlier
eports and can be explained by adverse effects of
VP on intrahepatic bile flow.30,31 As indicated in
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study on 316 patients with advanced vasodilatory
hock treated with a supplementary AVP infusion,
n increase in total bilirubin concentrations was
ssociated with adverse outcome when compared
o patients who did not have such an increase.14

imilarly, in the present study population, bilirubin
oncentrations tended to increase in non-survivors,
hile they remained low in survivors.
Although described earlier,15,21,22 no significant

ecrease in platelet count was observed in this
nalysis. This might be due to the smaller number of
atients included in this analysis, but may also origi-
ate from patient-related factors. Since a decrease
n platelets during AVP therapy has been associ-
ted with simultaneous renal replacement ther-
py, the comparably low percentage of continuous
eno-venous haemofiltration in these study patients
39.1% versus 91.7%21 and 79%15) may explain the
iffering platelet response during AVP therapy.

Although other studies have reported beneficial
ffects of AVP on renal function,32,33 no such effect
ould be observed in this analysis. This might once
gain be due to the low number of patients with
esidual urine output (n = 14), but could also be due
o severe impairment of renal function by global
schaemia during cardiac arrest, making beneficial
VP effects less likely to occur.

Some important limitations must be kept in
ind. First, since this is an uncontrolled, retrospec-

ive study, we cannot rule out that AVP exerted
dverse effects on haemodynamic, in particular
ardiac, and other organ functions. Second, this
tudy does not prove that AVP has beneficially influ-
nced the course of disease in the study patients,
or can it fully exclude that the patients would
ave shown similar changes without AVP therapy.
hird, the relatively low number of patients may
ave resulted in omission of significant beneficial
r adverse effects of AVP.

In conclusion, during supplementary AVP infu-
ion, advanced cardiovascular failure that was
nresponsive to standard therapy could be reversed
uccessfully in >90% of patients surviving cardiac
rrest.
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