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Objective: The optimal timing of vasopressin initiation as an adjunctive vasopressor remains unclear. We
aimed to study the association between the timing of vasopressin commencement, pre-specified
physiological parameters, and hospital mortality.
Design: We conducted a multicentre, retrospective, observational study.
Setting: Twelve ICUs in Queensland, Australia between January 2015 and December 2021.
Participants: Adult patients with septic shock who received vasopressin as an adjunctive vasopressor
within 72 hours of ICU admission.
Main Outcome: Hospital mortality.
Results: Overall, 2747 patients fulfilled the inclusion criteria. Of these, 1850 (67%) started vasopressin
within six hours of vasopressor therapy start, while 897 (33%) started vasopressin between six hours and
72 hours. APACHE III score, peak lactate, and creatinine were higher in the early start group. Early
vasopressin start was independently associated with decreased hospital mortality (aOR ¼ 0.69, 95% CI ¼
0.57-0.83). Vasopressin infusion start was also associated with an immediate decrease in the
noradrenaline-equivalent dose regardless of timing. There was a statistically significant favourable
breakpoint at vasopressin start for the course of arterial pH, lactate, heart rate and crystalloid infusion
rate (p<0.001).
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Conclusions: In patients with septic shock, early adjunctive vasopressin initiation was independently
associated with lower hospital mortality. Vasopressin starting at any time was also associated with
reduced tachycardia, acidosis, and hyperlactatemia.

© 2024 The Authors. Published by Elsevier B.V. on behalf of College of Intensive Care Medicine of
Australia and New Zealand. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Vasoactive drugs are amongst the most commonly prescribed
medications for critically ill adult patients in intensive care units
(ICU).1 Noradrenaline is the universally recommended first-line
agent for septic shock patients2 and this is consistent with clini-
cian practice globally.3 Vasopressin (arginine vasopressin e AVP or
antidiuretic hormone e ADH), a nonapeptide hormone stored and
released from the posterior pituitary gland, is also utilised around
the world with broad consensus for its use as a second-line
vasopressor.2e4

Questions remain around the timing of vasopressin initiation as
a second-line vasopressor. The VASST5 and VANISH6 trials, the only
large, multicentre, double-blind randomised controlled trials of
adjunctive vasopressin administration in septic shock, found no
significant difference in 28-day mortality. However, there were
signals from these studies and subsequent post hoc and meta-an-
alyses7,8 of potential benefit when commencing vasopressin in
patients with less severe shock states (i.e. lower lactate levels,
lower noradrenaline dose) and in the absence of established acute
kidney injury. Acknowledging this, the most recent iteration of the
Surviving Sepsis Campaign guidelines provided a weak recom-
mendation for commencing vasopressin when the dose of
noradrenaline is in the range of 0.25e0.5 mg kg�1.min�1.2 This dose
range, however, is broad and ignores the duration of septic shock as
a consideration for vasopressin initiation. Earlier initiation of an
adjunctive non-catecholamine vasopressor may have comple-
mentary effects and warrants further investigation.15

Accordingly, we aimed to test the primary hypothesis that the
timing of vasopressin infusion initiation would be associated with
mortality in a cohort of patients with septic shock; and the sec-
ondary hypothesis, that the physiological changes seen after
vasopressin start would also differ according to the timing of
vasopressin initiation.

2. Methods

2.1. Study design

This was a multicentre, retrospective, observational study using
routinely collected electronic medical record clinical data from
twelve ICUs in Queensland, Australia.

2.2. Ethical considerations

The studywas approved by theMetro South Hospital and Health
Service Human Research Ethics Committee (HREC/2022/QMS/
82024) with an individual waiver of consent granted.

2.3. Study sites and study population

The study sites comprised five tertiary, three outer metropolitan
and four regional ICUs. The centres include most of the state-wide
ICU capacity and include all the state-wide referral centres for
cardiothoracic, neurosurgical, obstetric and trauma patients, as
well as outer metropolitan and regional ICUs. We included all adult
patients (age �18 years) admitted to the ICU who received vaso-
pressin as an adjunctive vasopressor infusion between January 1st,
2015 and December 31st, 2021. We excluded all patients admitted
post-operatively, those who did not have a diagnosis of septic
shock, those who started vasopressin after 72 h from ICU admis-
sion, patients transferred from another participating ICU and those
whose electronic medical records were not retrievable.

2.4. Data access and study population

We obtained hospital administrative data and intensive care
data, such as patient characteristics, medications, vital sign obser-
vations, fluid balance, laboratory tests and therapies required, as
well as patient-centred outcomes including mortality, from the
clinical information systems eCritical MetaVision™ (iMDsoft, Bos-
ton, MA, USA), and the Australia and Zealand Intensive Care Society
(ANZICS), Centre for Outcome and Resource Evaluation (CORE) and
Adult Patient Database (APD). Data were stored in a password-
protected file in a non-identifiable format.

2.5. Definitions

According to previously published conversion tables, vasopres-
sors were converted to noradrenaline-equivalent doses.9,10 In
accordance with the VANISH randomised clinical trial,6 we defined
‘early’ start of vasopressin as a continuous infusion started within
6 h of any vasopressor initiation. The ‘late’ start group was defined
as a continuous infusion of vasopressin started between 6 and 72 h
after any vasopressor initiation. The Sequential Organ Failure
Assessment (SOFA) score11 and the Acute Physiology and Chronic
Health Evaluation III (APACHE III) score12 as previously defined,
were recorded. Sepsis was defined according to the Sepsis-3
consensus definition.13 Proven or suspected infection was defined
as the commencement or escalation of antimicrobial therapy and
microbiological sampling within 1 day of a SOFA score increase.23

Septic shock was defined as the administration of a vasopressor
medication and at least one blood lactate greater than 2 mmol L�1

on the day of vasopressin start. When ‘day one’ is mentioned, it
relates to the day of vasopressor commencement.

2.6. Outcomes

The primary outcome of this study was hospital mortality.
Secondary outcomes related to the evolution of physiological pa-
rameters according to the timing of vasopressin commencement
such as change in noradrenaline dose, arterial pH, creatinine,
lactate and haemodynamic observations.

2.7. Statistical analysis

Continuous variables are reported as mean with standard de-
viation or medianwith interquartile range and categorical variables
as absolute numbers and percentages. Logistic regression was used
to assess the risk factors of hospital mortality. The variable selection
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was conducted using a LASSO regularisation. Numerical variables
were standardised and categorical variables were one-hot encoded.
The dataset was split into training test sets (80:20). The optimal
lambda values were determined using 10-fold cross-validation.
Model performance was assessed using accuracy. Assumptions
were checked for significant outliers and multicollinearity in the
final model. Type I error was adjusted by the false discovery rate
method. As a sensitivity analysis, an entropy-balanced propensity
score was used. A standardised mean difference (SMD) > 0.1 was
considered a significant imbalance. We assessed the propensity
score distribution before and after weighting to check its quality.
For the exploratory physiological analysis, significant
breakpoints and the parameters evolutions across time were
searched with the Davies test. Statistical analyses were performed
using R version 4.2.2 (R Foundation for Statistical Computing,
Vienna, Austria) with the packages ‘dplyr,’ ‘ggplot20, ‘ggpubr,’
‘tableone,’ ‘WeightIt,’ survey,’ ‘cobalt,’ ‘mice,’ ‘jskm,’ ‘glmnet,’ ‘caret,’
‘broom’ and ‘segmented.'

2.8. Missing data management

To handle missing data within our dataset, we used multiple
imputations to create ten plausible substitute datasets and com-
bined their estimates in a way that maintained statistical power
and reduced bias. The amount of missing data for key variables is
shown in Supplementary Table S2.

3. Results

3.1. Baseline characteristics

Within the 7-year study period, therewere 89,182 admissions to
the twelve ICUs. Among them, 2747 patients who presented with
Fig. 1. Flow chart. ICU: Intensive care unit. Early vasopressin start refers to a start within 6h s
since the first vasopressor administration.
septic shock and received vasopressin within 72 h of vasopressor
start were included for analysis (Fig. 1). The main baseline char-
acteristics of each group are summarised in Table 1. Characteristics
of septic shock patients who did not receive vasopressin are dis-
played in Supplementary Table S1.

The overall cohort comprised 1643 (60%) males and 1104 (40%)
females with a mean age of 60. More than half of the cohort was
admitted from the emergency department (n¼ 1487, 54%) and one-
quarter from the wards (n ¼ 809, 30%). Most patients were inva-
sively ventilated (n ¼ 1938, 71%) and 4% received continuous renal
replacement therapy on day one of vasopressor start. In total, 1850
(67%) started vasopressin within 6 h from vasopressor start, while
897 (33%) started between 6 h and 72 h. Themedian (Q1eQ3) time
from vasopressor start to vasopressin infusion was 1 (0e3) h in the
early start group and 15 (9e26) hours in the late start group.
Vasopressin was administered for a median duration of 2 (1e4)
days at a starting dose of 0.04 (0.02e0.04) units/min�1. The mean
noradrenaline equivalent infusion dose at vasopressin start was
0.26 ± 0.22 mg kg�1.min�1 in the early start group versus
0.24 ± 0.19 mg kg�1.min�1 in the late start group (Fig. 2). The
APACHE III score was higher in the early start group (95 ± 30 vs
90 ± 28, p < 0.001) as was the day one peak lactate (5.5 ± 4.8 vs
4.3 ± 4.2 mmol L�1, p < 0.001).
3.2. The association between vasopressin timing and mortality

Hospital mortality in the early start group was 35%, compared
with 40% in the late start group. Variables associated with hospital
mortality by unadjusted logistic regression are presented in
Supplementary Table S3. There was no interaction between the
vasopressin timing start and steroid use (Supplementary Table S4).
No site-specific effect was detected across the twelve ICUs
(Supplemental Table S5). Among the 31 variables included for
ince the first vasopressor administration. Late vasopressin start refers to a start after 6h



Table 1
Baseline characteristic of the overall cohort according to the vasopressin start time.

Overall (n ¼ 2747) Early start (n ¼ 1850) Late start (n ¼ 897) P value

Demographic
Age e yr 60 (15) 60 (15) 60 (15)
Sex female e n (%) 1104 (40) 734 (40) 370 (41)
Body mass index e kg.m�2 30.0 (8.8) 29.5 (8.7) 29.8 (9.0)
Admission source e n (%) ***
Emergency department 1487 (54) 1056 (57) 431 (48)
Ward 809 (30) 485 (26) 324 (36)
Other hospital 225 (8) 143 (8) 82 (9)
Other ICU 226 (8) 166 (9) 60 (7)

Comorbidities
Respiratory e n (%) 133 (5) 82 (4) 51 (6)
Chronic heart failure e n (%) 117 (4) 83 (5) 34 (4)
End stage kidney disease e n (%) 80 (3) 41 (2) 39 (4) **
Chronic liver disease e n (%) 173 (6) 122 (7) 51 (6)
Any immunosuppression e n (%) 420 (15) 305 (17) 115 (13) ***
Hemopathy e n (%) 193 (7) 147 (8) 46 (5) ***
Cancer with metastasis e n (%) 72 (3) 55 (3) 17 (2)
Prognostic scores
APACHE III Score 93 (29) 95 (30) 90 (28) ***
APACHE III risk of death e % 49 (27) 50 (27) 47 (26) ***
Total SOFA score 8 (3) 8 (3) 8 (3)
Biological parameters
Max serum creatinine at day 1 e mmol.L�1 202 (156) 206 (153) 196 (161) .
Max white count cells at day 1 e x109.L�1 18 (15) 18 (14) 17 (17)
Max serum lactate at day 1 e mmol.L�1 5.1 (4.6) 5.5 (4.8) 4.3 (4.2) ***
Minimum pH at day 1 7.23 (0.15) 7.22 (0.15) 7.26 (0.14) ***
Max bilirubin at day1 d mmol.L�1 43 (68) 45 (68) 41 (65) .
Organ support
Hydrocortisone e n (%) 1799 (66) 1247 (67) 552 (62) **
Vasopressin start time e median (Q1-Q3), hr 3 (0e9) 1 (0e3) 15 (9e26) ***
Noradrenaline equivalent dose at vasopressin start time e mg.kg�1.min�1 0.26 (0.21) 0.26 (0.22) 0.24 (0.19) **
Max noradrenaline equivalent dose at day one e mg.kg�1.min�1 0.29 (0.29) 0.34 (0.31) 0.20 (0.21) ***
Noradrenaline e n (%) 2739 (99) 1843 (99) 896 (99)
Adrenaline e n (%) 863 (31) 634 (34) 229 (26) ***
Dopamine e n (%) 99 (4) 60 (3) 39 (4) .
Phenylephrine e n (%) 25 (1) 12 (1) 13 (1) .
Metaraminol e n (%) 817 (30) 468 (25) 349 (39) ***
Dobutamine e n (%) 355 (13) 201 (11) 154 (17) ***
Milrinone e n (%) 144 (5) 103 (6) 41 (5)
Invasive ventilation at day 1 e n (%) 1938 (71) 1280 (69) 658 (73) *
Renal replacement therapy at day 1 e n (%) 97 (4) 73 (4) 24 (3) *
Anti-infective therapy
Anti-infective agents e n, median (Q1-Q3) 2 (1e3) 2 (1e3) 2 (2e3)
Penicillin e n (%) 1537 (60) 987 (53) 550 (63) *
Carbapenem 786 (31) 555 (30) 231 (27) **
Aminoglycoside 267 (10) 178 (10) 89 (10)
Glycopeptide 1019 (40) 695 (38) 324 (36) .

Continuous values are presented as mean (SD) unless otherwise specified.
Early start: �6h after noradrenaline start, Late start: >6h after noradrenaline start.
ICU: Intensive care unit; AIDS: Acquired immunodeficiency syndrome; APACHE: Acute Physiology and Chronic Health Evaluation, SOFA: Sequential Organ Failure Assesse-
ment.
P value: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘’ 1.
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analysis, the LASSO regression identified seven variables for
computing the multivariable logistic regression: APACHE III score
(aOR ¼ 1.03, 95% CI 1.02e1.03), peak lactate on day 1 (aOR ¼ 1.12,
95% CI ¼ 1.10e1.15), invasive ventilation on day 1 (aOR 1.30, 95%
CI ¼ 1.07e1.59), chronic respiratory disease (aOR ¼ 2.17, 95%
CI ¼ 1.48e3.18) and chronic liver disease (aOR ¼ 2.12, 95%
CI ¼ 1.48e3.05). These variables were independently associated
with increased hospital mortality. In contrast, early vasopressin
start was associated with decreased hospital mortality (aOR ¼ 0.69,
95% CI ¼ 0.57e0.83) (Table 2, Supplementary Figs. S1 and S2).

The entropy balanced propensity score accounting for differ-
ences between early vs late vasopressin start also showed an as-
sociation between early start and decreased hospital mortality
(OR ¼ 0.65, 95% CI ¼ 0.50e0.95) (Supplementary Tables S6 and S7,
Supplementary Figs. S3 and S4). The sensitivity analysis performed
without patients admitted from other ICUs showed similar results
(Supplementary Table S8). Analysing the delay from vasopressor
start to vasopressin start as a continuous variable showed consis-
tent results regarding hospital mortality (aOR 1.02, 95%
CI ¼ 1.02e1.03 for each hour's delay) (Supplementary
Table S9,Supplementary Fig. S5).

3.3. Physiological changes after vasopressin start

The start of vasopressin infusion was associated with an im-
mediate decrease in noradrenaline-equivalent dose. This change
was not affected by the timing of vasopressin start nor by the
noradrenaline-equivalent dose at vasopressin start (Fig. 2). There
was also a statistically significant favourable turning point at
vasopressin infusion start time for arterial pH, lactate, heart rate



Fig. 2. Noradrenaline equivalent dose evolution in the overall population according to vasopressin start.
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and crystalloid infusion rate (p < 0.001) (Figs. 3 and 4,
Supplementary Table S10). No such turning point was found for
urine output (Supplementary Table S10, Supplementary Fig. S6).

4. Discussion

4.1. Key findings

In this study, we found that patients with septic shock
commenced on a vasopressin infusion had lower hospital mortality
if commenced within 6 h of vasopressor start compared with those
who commenced vasopressin after 6 h. Time to adjunctive vaso-
pressin initiation was also independently associated with hospital
mortality and this association was robust to entropy balanced
propensity score assessment accounting for differences between
early vs late vasopressin start. Moreover, patients in our study
cohort were twice as likely to be administered vasopressin early
and there was a clear separation between the two groups of more
than 12 h in the time to vasopressin commencement. Finally,
vasopressin was associated with an immediate noradrenaline-
sparing effect and a rapid reduction in acidemia, hyperlactatemia,
tachycardia and use of crystalloid fluids regardless of the timing of
initiation.

4.2. Relationship to previous studies

Prior to this study, there was limited data on the timing of
initiation of adjunctive vasopressin therapy. In the VASST trial, the
mean time to commencement of vasopressin was nearly 12 h after
reaching a noradrenaline inclusion threshold of 5 mg min�1 with a
mean noradrenaline dose of 0.26 mg kg�1.min�1 and serum lactate
was 3.5 mmol L�1 at the time of vasopressin start. In the VANISH
trial, the median time to commencement of vasopressin from the
onset of shock was 3.5 h with a lower mean noradrenaline dose of
0.15 mg kg�1.min�1 and serum lactate of 2.3 mmol L�1 at random-
isation. In our study, there was an earlier median vasopressin start
time in the ‘early’ group at 1 h and a higher mean noradrenaline
dose of 0.27 mg kg�1.min�1 and serum lactate of 5.5 mmol L�1. It is
plausible that this earlier timepoint of intervention in a critically ill
patient's shock state may impact mortality despite the greater
severity of shock. The association between early vasopressin and
decreased mortality was with a starting dose of 0.04 units/min�1

compared with 0.03 units/min�1 in the VASST study and 0.06 units/
min�1 in the VANISH study. Mortality in our ‘early’ cohort was
similar to that of the VANISH study (35% compared with 33%).
However, it is important to note that our study only included pa-
tients who received adjunctive vasopressin. Therefore, in this
cohort of patients where clinicians deemed the addition of
adjunctive vasopressin necessary, earlier initiation appeared to
result in lower hospital mortality.

Our findings complement another recent, large retrospective
study on adjunctive vasopressin use in 1610 septic shock patients.
Sacha et al.14 reported no independent association between hos-
pital mortality and timing of vasopressin initiation in relation to
shock onset but rather a significant association between increasing
lactate concentration and higher noradrenaline-equivalent dose
and mortality. Our study supports the association of higher lactate
levels and noradrenaline-equivalent doses with higher hospital
mortality. Our contrasting findings relating to the timing of vaso-
pressin initiation may be explained by the differing median time
from shock onset to vasopressin administration (5 h in Sacha's
study). Furthermore, in the study by Sacha et al., hospital mortality
was very high at 59% suggesting a sicker cohort of patients being
selected for adjunctive vasopressin administration.

Other, smaller observational studies analysing the timing of
vasopressin initiation and restricted to cohorts of patients who
received adjunctive vasopressin, have been similarly promising15

for different thresholds of ‘early’ initiation. Initiation within
three,16 four17 and seven18 hours of shock onset were all associated
with decreases in time to shock resolution, ICU length of stay, ICU
mortality and hospital mortality.

The physiological changes seen after vasopressin start, as
demonstrated in our study, are consistent with the literature.
Open-label randomised controlled studies of adjunctive vaso-
pressin use have shown similar reductions in noradrenaline dose,
lactate, acidosis and heart rate to those achieved in our study.19e22

These do not appear to be time-dependent physiological im-
provements. Whether earlier normalisation of these physiological



Table 2
Factors associated with hospital mortality by multivariable logistic regression in the
overall population.

aOR CI 95% padj

Chronic respiratory disease 2.17 1.48e3.18 <0.001
APACHE III score (per point) 1.03 1.02e1.03 <0.001
Peak lactate at day 1 (per mmol.L�1) 1.12 1.10e1.15 <0.001
Vasopressin early start groupa 0.69 0.57e0.83 <0.001
Invasively ventilated at day 1 1.30 1.07e1.59 0.008
Hydrocortisone 0.86 0.72e1.04 0.117
Chronic liver disease 2.12 1.48e3.05 <0.001

a OR: Adjusted Odds Ratio, CI 95%: 95% Confidence Interval, padj: p value adjusted by
false discovery rate method, APACHE: Acute Physiology and Chronic Health
Evaluation.

a Early start group refers to patients who received vasopressin within 6h from
vasopressor start.
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parameters, such as metabolic acidosis,24 or relative reduction in
catecholamine use accounts for lower patient mortality is hy-
pothesis generating.

4.3. Implications of study findings

To our knowledge, this is the largest cohort study of adjunctive
vasopressin use in critically ill patients with septic shock. This study
provides hypothesis-generating evidence to support the safety and
Fig. 3. Arterial pH and lactate evolution across t

Fig. 4. Arterial heart rate and crystalloid administration rate ev
possible benefit of earlier and near-immediate initiation of vaso-
pressin in patients presenting with septic shock. Moreover, the fact
that these findings persisted even after accounting for differences
in the timing of initiation with entropy-balanced propensity
scoring suggests statistical and clinical robustness.

Importantly, three-quarters of the patients in the ‘early’ start
group received adjunctive vasopressin within the first 3 h of
vasopressor support. Furthermore, it would appear, that, in the
Australian context, clinicians are twice as likely to utilise vaso-
pressin early for severe septic shock patients and at a lower
noradrenaline threshold than that recommended in the Surviving
Sepsis Campaign guidelines.2 This earlier timeframe of initiation,
not previously described in the literature, may be used as a key
timing threshold for intervention in future prospective studies of
adjunctive vasopressin support in septic shock.
4.4. Strengths and limitations

This study had several strengths. Firstly, the cohort was sampled
from a large, comprehensive ICU patient database that covers nearly
all ICU patient admissions in the third most populous state in
Australia. This population is representative of the general Australian
population and likely generalisable to other high-income countries.
Secondly, our highly granular study datawas electronically extracted
ime according to the vasopressin start time.

olution across time according to the vasopressin start time.
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from a clinical information system in daily clinical use throughout
most of the state. All data collected were clinically validated and
there were minimal missing data points. Finally, there was a clear
separation of more than 12 h between the ‘early’ and ‘late’ start
groups with regard to the median time of vasopressin initiation. This
is a clinically important time difference and offers practical timing
thresholds for prospective randomised studies in this area.

We acknowledge some limitations. First, this is an observational
study with the inherent limitations of such studies. In particular, no
causal inferences can be drawn from its findings and all associa-
tions described are only hypothesis-generating. Second, we do not
have data to explain why patients commenced vasopressin early or
late. Thus, there may be confounding by indication. However, the
APACHE score, the lactate level and the dose of norepinephrine at
vasopressin start were higher in the earlier group suggesting
greater illness severity in such patients. Thus, greater illness
severity may have been a key driver of early vasopressin initiation.
If this were the case, our findings of benefit despite greater illness
severity would reinforce the argument for an early start. Impor-
tantly, our findings remained after entropy balancing suggesting a
degree of robustness to selection bias. Finally, we acknowledge
patients who received ‘late’ vasopressin may have been a cohort
who failed to respond to initial therapy and their admission
APACHE score may not be representative of their subsequent clin-
ical trajectory. However, the majority of patients included in this
study received vasopressin within the first 24 h of ICU admission
and their baseline biological parameters likely still closely reflect
their severity of illness at the time of vasopressin initiation.

5. Conclusion

In this large, multicentre, retrospective observational study, we
found that earlier timing of adjunctive vasopressin initiation for
patients with septic shock was independently associated with
decreased hospital mortality. Vasopressin initiation was also asso-
ciated with decreased noradrenaline dose, reduced tachycardia,
less acidemia and falling lactate levels regardless of the timing of
initiation. Finally, after propensity adjustment, patients initiated on
vasopressin within 6 h of vasopressor infusion start had lower
hospital mortality. These findings provide hypothesis-generating
evidence to support the safety and possible benefit of earlier
initiation of vasopressin in patients presenting with septic shock
and the rationale and key information for the design of an inter-
ventional trial of early vasopressin therapy in septic shock.
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