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Timing of vasopressin initiation and mortality
in patients with septic shock: analysis of the
MIMIC-IIl and MIMIC-IV databases
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Abstract

Background vasopressin is commonly used as a second-line vasopressor for patients with septic shock, but the
optimal timing of initiation is uncertain. This study was designed to investigate when vasopressin initiation may be
beneficial for 28-day mortality in septic shock patients.

Methods This was a retrospective observational cohort study from the MIMIC-IIl v1.4 and MIMIC-IV v2.0 databases.
All adults diagnosed with septic shock according to Sepsis-3 criteria were included. Patients were stratified into two
groups based on norepinephrine (NE) dose at the time of vasopressin initiation, defined as the low doses of NE group
(NE<0.25 pg/kg/min) and the high doses of NE group (NE >0.25 ug/kg/min). The primary end - point was 28 - day
mortality after diagnosis of septic shock. The analysis involved propensity score matching (PSM), multivariable logistic
regression, doubly robust estimation, the gradient boosted model, and an inverse probability - weighting model.

Results A total of 1817 eligible patients were included in our original cohort (613 in the low doses of NE group

and 1204 in the high doses of NE group). After 1:1 PSM, 535 patients from each group with no difference in disease
severity were included in the analysis. The results showed that vasopressin initiation at low doses of NE was associated
with reduced 28-day mortality (odds ratio [OR] 0.660, 95% confidence interval [C]] 0.518-0.840, p <0.001). Compared
with patients in the high doses of NE group, patients in the low doses of NE group received significantly shorter
duration of NE, with less intravenous fluid volume on the first day after initiation of vasopressin, more urine on the
second day, and longer mechanical ventilation-free days and CRRT-free days. Nevertheless, there were no significant
differences in hemodynamic response to vasopressin, duration of vasopressin, and ICU or hospital length of stay.

Conclusions Among adults with septic shock, vasopressin initiation when low-dose NE was used was associated
with an improvement in 28-day mortality.
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Background

Sepsis, defined as life-threatening organ dysfunction
caused by a dysregulated host response to infection [1],
is an enormous challenge in intensive care units (ICUs).
It may lead to septic shock, multiorgan dysfunction or
failure, and death, especially if not identified early and
treated appropriately. Septic shock, characterized by
severe hemodynamic failure, has a high mortality rate of
over 40% [2]. Surviving Sepsis Campaign (SSC) Hour-1
sepsis bundle highlights lactate level, blood cultures,
broad-spectrum antibiotics, rapid fluid resuscitation,
and vasopressors support as a standard strategy for sep-
sis management [3]. To obtain a targeted mean arterial
pressure (MAP) (=65 mmHg) to ensure tissue perfusion,
norepinephrine (NE) is currently recommended as the
first-line vasoactive drug when fluid resuscitation fails.
If MAP is still inadequate, the SSC guideline proposes to
start a second-line vasopressor.

Vasopressin, an endogenous peptide hormone, is often
regarded as a second-line agent to add to a low-to-mod-
erate dose of NE for septic shock [3, 4]. Vasopressin may
be useful owing to its norepinephrine-sparing effect. An
epidemiology study about vasopressin for septic shock
revealed that 17.2% of patients in United States hospi-
tals received vasopressin, usually combined with cate-
cholamines [5]. Initially, several small trials showed that
patients with septic shock had a decrease in the required
NE infusion when vasopressin was added but had no
consistent effect on mortality [6—8]. Subsequently, both
the Vasopressin and Septic Shock Trial (VASST) [9] and
the Vasopressin versus Norepinephrine as Initial Therapy
in Septic Shock (VANISH) [10] trial demonstrated that
vasopressin therapy in septic shock did not affect 28-day
or 90-day mortality although the confidence intervals
were wide. A meta-analysis also showed that the use of
vasopressin was not associated with decreased 28-day
mortality [11], but may reduce the requirement for renal
replacement therapy (RRT) [12]. However, in a subgroup
analysis of the VASST trial, we found that vasopressin
use seemed to benefit patients with less severe shock
(26.5% vs. 35.7%, p=0.05). A recent retrospective analysis
suggested that the odds of in-hospital mortality increased
by 20.7% for every increase of 10 pug/min NE-equivalent
up to 60 pg/min at the time of vasopressin initiation in
septic shock (adjusted OR 1.21, 95% CI 1.09-1.34) [13].
Therefore, the mixed results probably indicate that the
key to improving outcomes in these patients is offering
an earlier opportunity for vasopressin when the shock
has not progressed to the point of irreversibility. More
research is needed to discover whether early vasopressin
initiation is associated with septic shock outcomes.

The SSC 2021 guidelines issue a weak recommendation
for starting vasopressin initiation when the dose of NE is
in the range of 0.25-0.5 pg/kg/min [3]. In our practice,
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the classic therapeutic strategy for septic shock is to
apply NE and titrate to achieve a target MAP and then
start a secondary agent if the MAP level is inadequate.
Recently, Wieruszewski et al. pointed out that the classi-
cal stepwise strategy delayed obtaining adequate sustain-
able MAP and ultimately led to a poor prognosis [14]. A
recent study showed that the use of NE dose in pg/min
instead of pg/kg/min might reduce a delay of vasopressin
initiation, particularly in obese patients [13]. High doses
of NE at vasopressin initiation may be associated with an
increased risk of mortality [15]. Thus, when to start vaso-
pressin in septic shock is debatable and less clear.

We hypothesized that vasopressin initiation is asso-
ciated with lower mortality when adults with septic
shock are treated with low doses of NE. In response to
this question, this study was conducted to evaluate the
impact of vasopressin initiation on 28-day mortality in
patients with septic shock from the Medical Information
Mart in Intensive Care (MIMIC)-III v1.4 and MIMIC-1V
v2.0 databases.

Methods

Database

This was a retrospective observational cohort study
in which data was obtained from MIMIC-III v1.4 and
MIMIC-IV v2.0 databases. MIMIC-III v1.4 is a famous
single-center and freely accessible database, which
includes over 40,000 critically ill patients at the Beth
Israel Deaconess Medical Center (BIDMC) [16, 17].
MIMIC-IV v2.0 is the latest update to MIMIC-III, which
adopts a modular approach to data organization and
incorporates contemporary data [18]. We had completed
the CITI Program course known as Human Research
and Data or Specimens Only Research to apply for per-
mission to access the database (Record ID: 48,615,099).
The individual information of the patients included in
this database was anonymous, and ethical review and
informed consent were waived.

Patients
Our inclusion criteria were as follows: 1)adults (age>18
years old) were admitted to ICU with a diagnosis of sep-
sis based on Sepsis-3 criteria 1), which occurred less
than one day before or after ICU admission, 2) patients
came from the MICU or SICU and only the record of
first ICU admission was used, 3) they had received both
NE and vasopressin therapy, 4) NE initiation was prior
to vasopressin and no more than 48 h. The missing>10%
of individual data were excluded. The mean imputation
was used for continuous variables with missing values
of <10%. The patient inclusion flowchart is presented in
detail in Fig. 1.

The SSC 2021 guidelines suggest adding vasopres-
sin instead of escalating the dose of NE when it is in the
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Sepsis patients from MIMIC-III 1.4 (38951)
and MIMIC-IV 2.0 (34679) based on Sep-3
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Only include adult patients
(2312 excluded )

Y

Only include the first ICU
Admission of each patient
( 14265 excluded )

Only include patients in MICU or SICU
( 25069 excluded )

A 4

Exclude patients with suspected
infection occurred more than 1 day
before or after ICU admission
(4319 excluded )

A4

Only include patients with both
norepinephrine and vasopressin
( 25410 excluded )

Only include patients received
norepinephrine prior to vasopressin
( 194 excluded )

Only include patients received vasopressin
posterior to norepinephrine more than 48h
( 232 excluded )

Only include patients without bad data
( 12 excluded )

Final Cohort (1817)

Low doses of norepinephrine
group (613) 33.74%

High doses of norepinephrine
group (1204) 66.26%

Fig. 1 Study design flow chart. lllustration of exclusion and inclusion criteria as utilized to select the final cohort of 1817 patients
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range of 0.25-0.5 pg/kg/min [3]. Therefore, based on the
NE dose at the time of vasopressin initiation, patients
were classified into two groups: the low doses of NE
group (NE<0.25 pg/kg/min) and the high doses of NE
group (NE=0.25 pg/kg/min).

Primary and secondary outcomes

The primary end-point was 28 - day mortality after diag-
nosis of septic shock. Secondary outcomes included the
hemodynamic response to vasopressin, the duration of
NE and vasopressin, the duration of mechanical ventila-
tion-free days and CRRT-free days at day 28, intravenous
fluid and urine on days 1, 2 after initiation of vasopressin,
and the duration of ICU and hospital stays.

Variables

The following variables were included in our study:
age, gender, weight, ethnicity, service unit, comorbidi-
ties (diabetes mellitus, congestive heart failure, chronic
obstructive pulmonary disease, chronic renal disease,
liver disease, stroke, malignancy, and metastatic cancer),
severity of illness scores at ICU admission (SOFA, LODS,
and SAPS II scores), blood culture positivity, urine, the
maximum serum lactate level between 6 h prior to shock
onset and vasopressin initiation, and onset time of septic
shock. Treatments (mechanical ventilation, CRRT, anti-
biotics, fluids administration, norepinephrine, vasopres-
sin, and other vasoactive agents) at vasopressin initiation
during the shock course were also required, as well as
their start and end times.

The Sepsis-3 criteria for sepsis were extracted as sus-
pected infection with associated organ dysfunction
(SOFA >2) [1]. The onset time of septic shock was defined
as the first time of NE initiation and a MAP of <65 mm
Hg was recorded. Fluid bolus volume was defined as
any fluid bolus given from 6 h prior to shock onset
through the time of vasopressin initiation. Hemodynamic
response to vasopressin was defined as the achievement
of both at least a 20% decrease from baseline in norepi-
nephrine dose and MAP>65 mm Hg at 6 h after initia-
tion of vasopressin [13]. When the patients were alive,
the mechanical ventilation-free days and CRRT-free days
were calculated as the number of days out of 28 days. If
patients died within 28 days, the free days were defined
zero.

Statistical methods

To reduce the influence of potential confounders between
the two groups, propensity score matching (PSM) analy-
sis was conducted with the 1:1 optimal matching method
and a caliper width of 0.02 by the “MatchlIt” package in
R software. And then, we examined the effects of vaso-
pressin initiation in the two groups on the primary and
secondary outcomes.
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Another PSM analysis was conducted based on the gra-
dient boosted model (GBM) with the “twang” package for
the sensitivity analysis. The estimated propensity scores
were calculated using a regression tree with all covariates
in GBM. Subsequently, we built an inverse probabilities
weighting (IPW) model for generating a weighted cohort
with the estimated propensity scores as weights [19].
Logistic regression was then performed on the weighted
cohort, adjusting for the potential confounders between
the two groups in the propensity score model, thus called
doubly robust analysis. The doubly robust analysis com-
bines a multivariate regression model with a propensity
score model to estimate the causal effect of an exposure
on an outcome [20, 21]. In multivariate logistic regression
analysis, variables with a p-value<0.1 in the univariate
analysis were considered candidate variables. All models
were performed to assess the effect of early vasopressin
initiation on the primary outcome. The odds ratio (OR)
of 28-day mortality with a corresponding 95% confidence
interval (CI) was calculated.

Continuous variables were expressed as mean=stan-
dard, and categorical variables were expressed as pro-
portions. We compared all covariates in the original and
matched cohort. Statistical significance was tested with
Student’s t-test for continuous variables and the x2 test
or Fisher’s exact test for categorical variables. Statistical
significance was defined as a two-sided p-value of <0.05.
All statistical analyses were performed using R software
(v4.2.1; The R Foundation for Statistical Computing).

Sensitivity analysis

The sensitivity analysis was conducted to evaluate the
robustness of the result of our study about the primary
outcome. Four association inference models were also
applied to understand how to affect our conclusion,
which included a doubly robust model with unbalanced
or all covariates, a propensity score-based IPW model,
and a multivariable logistic regression model. These
models’ calculated effect sizes and p values were reported
and compared.

Results
Cohort characteristic
After reviewing 38,951 MIMIC-III and 34,679 adults
with sepsis based on Sepsis-3, we identified 1817 patients
in the final cohort who met the inclusion and exclusion
criteria (Fig. 1). Based on the dose of NE at vasopressin
initiation, 613 (33.74%) were assigned to the low doses
of NE group and 1024 (66.26%) to the high doses of NE
group. The baseline characteristics of the cohort are sum-
marized in Table 1.

In the original cohort, there were significant differences
between the two groups in LODS and SAPS II scores
at ICU admission; the proportion of patients receiving
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Table 1 Comparison of the basic demographics, comorbidities, and time of vasopressin initiation between the original cohort and the
matched cohort

Variables Original cohort Matched cohort Miss-
Low doses High doses p-value Low doses High doses p-value ing
of of of of data
NE group  NE group NEgroup  NEgroup (%)

n 613 1204 535 535 NA

Characteristics at ICU admission

Age, year, mean=SD 653+159 655+157 0.883 653+160 659+159 0.576 0.0
Male, n (%) 334 (54.5) 655 (54.4) 1.000 286 (53.5) 294 (55.0) 0.668 0.0
Service unit, n (%) 0476 0.695 0.0
MICU 497 (81.1) 994 (82.6) 432 (80.7) 438 (81.9)
SICU 116 (18.9) 210(17.4) 103 (19.3) 97 (18.1)
Weight, kg, mean+SD 83.6+245 828+252 0.536 829+239 836+265 0.661 29
Race 0.974 0.966 0.0
White 379 (61.8) 755 (62.7) 329 (61.5) 338 (63.2)
Black 60 (9.8) 108 (9.0) 53(9.9) 50(9.3)
Hispanic 18 (2.9) 36 (3.0) 15 (2.8) 7(3.2)
Asian 19 (3.1) 41 (34) 17 (3.2) 16 (3.0)
Other 137 (223) 264 (21.9) 121 (22.6) 114 (21.3)
Comorbidities, n (%)
Diabetes mellitus 189 (30.8) 352(29.2) 0516 164 (30.7) 165 (30.8) 1.000 0.0
Chronic heart failure 190 (31.0) 349 (29.0) 0.405 162 (30.3) 176 (32.9) 0.393 0.0
COPD 146 (23.8) 268 (22.3) 0.490 128 (23.9) 136 (254) 0.620 0.0
Chronic renal disease 126 (20.6) 271(22.5) 0372 118 (22.1) 107 (20.0) 0.453 0.0
Liver disease 161 (26.3) 353(29.3) 0.190 143 (26.7) 131 (24.5) 0441 0.0
Stroke 57(93) 15 (9.6) 0.929 51(9.5) 48 (9.0) 0.833 0.0
Malignancy 123 (20.1) 232(19.3) 0.732 103 (19.3) 102 (19.1) 1.000 0.0
Metastatic cancer 54 (8.8) 115(9.6) 0.667 47 (8.8) 54(10.1) 0.530 0.0
Scoring system, mean +SD
SOFA 86+45 89+45 0.204 8.6+45 85+44 0613 0.0
LODS 91+34 104+£33 <0.001 95+34 94+32 0.440 0.0
SAPS I 533+153  594+163  <0.001 546+153  545+160 0.870 0.0
Blood culture positive, n (%) 171 (27.9) 302 (25.1) 0217 141 (26.4) 136 (254) 0.780 0.0
Characteristics at vasopressin initiation
Mechanical ventilation, n (%) 155 (25.3) 416 (34.6) <0.001 150 (28.0) 41 (26.4) 0.583 0.0
CRRT, n (%) 27 (4.4) 108 (9.0) 0.001 27 (5.0) 26 (4.9) 1.000 0.0
SOFA, mean+SD 10.7+4.2 11.2+£4.0 0.009 10.8+4.2 10.7+4.0 0.801 0.0
NE dose, pg/kg/min, mean +SD 0.14+£007 043+039 <0001 0.14+007 041+£028  <0.001 0.0
Maximum lactate, mmol/L, mean+SD 55+46 73+53 <0.001 58+48 6.0+46 0.465 33
Time from shock onset to vasopressin, hour, 1112121 78+£100 <0.001 103+£11.7 994116 0.579 0.0
mean +SD
Medication Data during Shock Course
Antibiotics, n (%) 585(954) 1154 (95.8) 0.772 508 (95.0) 510(95.3) 0.887 0.0
IV hydrocortisone, n (%) 138 (22.5) 389 (32.3) <0.001 129 (24.1) 135 (25.2) 0.723 0.0
Fluid bolus volume, mL, mean+SD 3446+3796 3156+3635 0114 3386+£3812 3328+3580 0.797 0.0
Dopamine, n (%) 49 (8.0) 157(13.0) 0.002 47 (8.8) 54(10.1) 0.530 0.0
Dobutamine, n (%) 40 (6.5) 70 (5.8) 0.619 34 (6.4) 38(7.1) 0.714 0.0
Epinephrine, n (%) 46 (7.5) 220(18.3) <0.001 46 (8.6) 46 (8.6) 1.000 0.0

Abbreviations: ICU=intensive care unit; SD=standard deviation; MICU=medical intensive care unit; SICU=surgery intensive care unit; COPD=chronic obstructive
pulmonary disease; SOFA=sequential organ failure assessment; LODS=logistic organ dysfunction system; SAPS ll=simplified acute physiology score II;
CRRT=continuous renal replacement therapy; NE=norepinephrine
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Fig. 2 Absolute standard difference of covariates between groups for the original cohort and the matched cohort

mechanical ventilation and CRRT; SOFA score and maxi-
mum lactate levels at the time of vasopressin initiation;
time from shock onset to vasopressin; and medication
during shock course, including hydrocortisone, dopa-
mine, dobutamine, and epinephrine.

After 1:1 PSM, 535 patients from each group were
included in the analysis. All baseline characteristics were
well-balanced after PSM, and there was no significant
difference in disease severity between the two groups
before the time of vasopressin initiation. We compared
the absolute standard difference between the original and
the matched cohorts (Fig. 2).

Primary outcome and sensitivity analysis

In the matched cohort, the mean NE dose was
0.14%0.07 pg/kg/min in the low doses of NE group and
0.41£0.28 pg/kg/min in the high doses of NE group
at the time of vasopressin initiation. We found that the
28-day mortality rates for the low and high doses of NE
groups were 49.2% vs. 59.4% (OR 0.660, 95% CI 0.518—
0.840, p<0.001). For the sensitivity analysis, the other
four association inference models reached the same con-
clusion: When adults with septic shock were treated with

Table 2 Primary outcome analysis with five different models

Method OR Cl P-value
25% 97.5%

Propensity score matching 0660 0518 0840  <0.001
Propensity score IPW 0622 0539 0718  <0.001
Doubly robust with unbalanced ~ 0.637 0504 0806  <0.001
covariates

Doubly robust with all covariates  0.635 0499 0809  <0.001
Multivariable logistic regression ~ 0.604 0484 0753  <0.001

OR=o0dds ratio; Cl=confidence interval; IPW=inverse probability weighting

low-dose NE, initiation of vasopressin therapy was asso-
ciated with a reduction in 28-day mortality. Primary out-
come analysis with five different models is summarized
in Table 2.

In addition, we listed the contribution of each covariate
to the propensity score in GBM (Fig. 3). The top 5 covari-
ates include time from shock onset to vasopressin, maxi-
mum lactate levels at the time of vasopressin initiation,
SAPS II score at ICU admission, fluid bolus volume, and
weight.
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Fig. 3 Relative contributions of individual covariates to the final propensity score
Table 3 Primary and secondary outcomes analysis between the original cohort and the matched cohort
Outcomes Original cohort Matched cohort Miss-
Low doses of Highdoses p-value Lowdoses Highdoses p-value ing
NE group of of of data
NE group NEgroup  NEgroup (%)
n 613 1204 535 535 NA
Primary outcome
28-day mortality, n (%) 286 (46.7) 781 (64.9) <0.001 263 (49.2) 318 (59.4) <0.001 0.0
Secondary outcomes
Hemodynamic response to vasopressin, n (%) 383 (62.5) 628 (52.5) <0.001 327 (61.1) 321 (60.0) 0.754 0.0
Norepinephrine duration, hours, mean +SD 635+733 7094913 0.082 63.9+713 76.0+89.2 0014 0.0
Vasopressin duration, hours, mean+SD 49.7£62.1 48.6+66.7 0.747 50.8+63.9 516+712 0.859 0.0
Mechanical ventilation-free days, mean+SD 122+13.1 74+113 <0.001 11.7+13.1 88+12.1 <0.001 0.0
CRRT-free days, mean+SD 146+144 9.2+132 <0.001 139+144 11.0+139 0.001 0.0
IV fluid day 1 (mL) 4578+3287 6046+4396  <0.001 4739+3372  5352+3892 0.006 0.0
IV fluid day 2 (mL) 2453 £2385 2616£2933 0.242 2479+2431  2532+2770 0.741 2.1%
Urine day 1 (mL) 104941201 777+1167 <0.001 999+ 1214 936+ 1314 0415 0.0
Urine day 2 (mL) 115841225 797+1076 <0.001 1087+1188 899+1130 0.012 13.1%
Duration of ICU stays, days, mean+SD 8.2+80 73+89 0.029 8.1+8.0 7.7+86 0455 0.0
Duration of hospital stays, days, mean+SD 149+149 123+154 0.001 147 +147 135+149 0.186 0.0

Abbreviations: ICU=intensive care unit; SD=standard deviation; CRRT=continuous renal replacement therapy; IV=intravenous; NE=norepinephrine

Secondary outcomes with PSM

In the matched cohort, there was no significant differ-
ence in hemodynamic response to vasopressin (61.1% in
the low doses of NE group vs. 60.0% in the high doses of
NE group; P=0.754). Duration of vasopressin and ICU
or hospital length of stay also did not significantly dif-
fer between the groups. Patients in the low doses of NE
group received significantly shorter duration of NE, less
intravenous fluid volume on day 1 and more urine on
day 2 after initiation of vasopressin, and longer duration

of mechanical ventilation-free days and CRRT-free days
than patients in the high doses of NE group. The detailed
results are summarized in Table 3.

Discussion

Septic shock, a subset of sepsis, is clinically identified by
persisting hypotension requiring vasopressors and serum
lactate levels greater than 2 mmol/L despite adequate
fluid resuscitation [1]. In the 2021 SSC guidelines, NE
is strongly recommended as the first-line vasopressor
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over other vasopressors for septic shock [3], with vague
guidance on second-line selection and timing. This is a
propensity-matched retrospective observational cohort
study from MIMIC-III and MIMIC-IV databases. We
evaluated the effect of vasopressin initiation on 28 - day
mortality in patients with septic shock. We found a sig-
nificantly lower 28 - day mortality among patients who
initiated vasopressin when they were on low doses of
NE after adjustment for confounding (OR 0.660, 95% CI
0.518-0.840, p<0.001). The other four estimation mod-
els validated our main result and led to the same conclu-
sion. Thus, our study proves that the optimal timing of
vasopressin initiated can be earlier than recommended
by guidelines, which provides a rationale for prospective
studies.

Our main finding is consistent with several previous
studies. In the VASST trial, there was no significant dif-
ference in mortality rates in the overall septic shock
population. In contrast, patients with less severe shock
receiving NE<15 pg/min was associated with a lower
mortality rate (28-day mortality risk ratio [RR] 0.74, 95%
CI 0.55-1.01, P=0.05; 90-day mortality RR 0.78, 95% CI
0.61-0.99, P=0.04) [9]. A retrospective cohort study of
96 patients with septic shock showed that early interven-
tion with vasopressin (within 4 h of shock onset) might
achieve MAP targets sooner and resolve organ dysfunc-
tion at 72 h more effectively [22]. Subsequently, a single-
center, prospective, open-label trial conducted by the
same group demonstrated the same results [23]. In a
large retrospective observational study, Sacha et al. found
that each 10 pg/min increase in NE-equivalent dose up
to 60 pg/min at the time of vasopressin initiation was
associated with 20.7% higher in-hospital mortality [13],
indicating patients could benefit from early vasopressin
initiation. In addition, compared with catecholamines
alone, the addition of vasopressin to catecholamine vaso-
pressors was associated with a lower risk of atrial fibrilla-
tion [24].

However, a systematic review and meta-analysis
showed that the administration of vasopressin was not
associated with reduced 28-day or 30-day mortality
among patients with septic shock. At the same time, an
increased incidence of digital ischemia should be noted
[25]. Another review also failed to show that short-term
mortality decreased when vasopressin was initiated early
within 6 h of septic shock onset, except for reducing the
use of RRT [12]. But Young et al. [26] considered that
it is inappropriate to conclude simply that vasopressin
therapy does not affect mortality in septic shock because
most ICU interventions have little plausible impact on
mortality in a heterogeneous population. Sepsis is a het-
erogeneous population with different clinical pheno-
types [27]. So, actual mega trials are needed if we want to
understand how vasopressin affects survival.
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To test several hypotheses for accounting for the mor-
tality benefit, we compared several variables between the
two groups. In matched cohort, we found that vasopres-
sin initiation in the low doses of NE group could decrease
the duration of NE, prolong the duration of mechanical
ventilation-free days or CRRT-free days, and more urine
on day 2 after initiation of vasopressin. Although no dif-
ference in kidney failure-free days was found in the VAN-
ISH trial, the 95% CI of the difference between groups
has an upper limit of 5 days in favor of vasopressin [10].
Due to the distribution of V1a receptors in the kidney,
vasopressin may maintain renal perfusion better than NE
[6], which may explain our findings. In addition, more IV
fluids were administered to the high doses of NE group
on day 1 after vasopressin initiation. Fluid overload was
associated with harm in the prospective FINNAKI study
[25]. Considering the factors displayed in Fig. 3, clini-
cians may particularly want to consider early vasopres-
sin initiation in patients with a high lactate, high SAPA
II score, and massive fluid resuscitation. More research
is needed to determine whether the 28-day mortality
improvements are due to the differences in fluid admis-
sion, urine, duration of NE, mechanical ventilation-free
days, and CRRT-free days.

There are other opinions on the optimal timing of
vasopressin use. Wieruszewski et al. recently suggested
using an early, multimodal balanced vasopressor strat-
egy instead of a stepwise escalation of vasopressors, also
named broad-spectrum vasopressors [14]. This is analo-
gous to broad-spectrum and early antimicrobials in sus-
pected and confirmed sepsis. Some studies pointed out
that whether vasopressin was used or not could be based
on the hemodynamic response after 1 U bolus vasopres-
sin is administered [28] or a machine learning predic-
tion model [29]. On the contrary, Jakowenko et al. found
that early vasopressin initiation was not associated with
responsiveness at 4 h post-catecholamine initiation,
suggesting that it may be reasonable to implement the
2021 SSC guidelines [30]. An observational cohort study
revealed that the vasopressin response appeared to be
impaired in the setting of severe acidemia [31]. Surpris-
ingly, the severity of illness defined by APACHE II and
SOFA scores, corticosteroid use, and catecholamine dose
were not associated with hemodynamic response [32].
Our study demonstrated that high doses of NE at vaso-
pressin initiation in septic shock leaded to excessive cat-
echolamine exposure, more fluid overload, prolonged
recovery of kidney function, and poor outcome.

Our study has several limitations. First, although the
MIMIC-III and MIMIC-IV databases included compre-
hensive and high-quality data, this was a single-center
study, and caution should be exercised when applying
results in other regions. Second, as a retrospective study,
it was impossible to adjust for all confounders because of



Xu et al. BMC Infectious Diseases (2023) 23:199

the potential issues of residual confounding. Although we
used a PSM approach, it remains possible that the high
doses of NE group had a higher mortality rate because
of the severity of the disease. Third, the outcomes were
not adjusted by year, which was a limitation of the analy-
sis because treatment strategies for septic shock changed
over time. Some results will require prospective random-
ized trials for confirmation.

Conclusions

Among adults with septic shock, vasopressin initia-
tion when low-dose NE was used was associated with
an improvement in 28-day mortality. Further large-scale
randomized controlled trials are needed to confirm this
conclusion.
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