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Optimizing Vasopressin Use and Initiation @ oo
Timing in Septic Shock

A Narrative Review

Gretchen L. Sacha, PharmD, and Seth R. Bauer, PharmD

TOPIC IMPORTANCE: This review discusses the rationale for vasopressin use, summarizes the
results of clinical trials evaluating vasopressin, and focuses on the timing of vasopressin
initiation to provide clinicians guidance for optimal adjunctive vasopressin initiation in
patients with septic shock.

REVIEW FINDINGS: Patients with septic shock require vasoactive agents to restore adequate
tissue perfusion. After norepinephrine, vasopressin is the suggested second-line adjunctive
agent in patients with persistent inadequate mean arterial pressure. Vasopressin use in
practice is heterogeneous likely because of inconsistent clinical trial findings, the lack of
specific recommendations for when it should be used, and the high drug acquisition cost.
Despite these limitations, vasopressin has demonstrated price inelastic demand, and its use in
the United States has continued to increase. However, questions remain regarding optimal
vasopressin use in patients with septic shock, particularly regarding patient selection and the
timing of vasopressin initiation.

SUMMARY: Experimental studies evaluating the initiation timing of vasopressin in patients
with septic shock are limited, and recent observational studies have revealed an association
between vasopressin initiation at lower norepinephrine-equivalent doses or lower lactate

concentrations and lower mortality.
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Sepsis is a highly prevalent and morbid
disease estimated to account for up to
20% of annual deaths globally." If not
identified rapidly and intervened on, sepsis
may progress to septic shock, which is
associated with mortality rates of up to
50%.”* Patients with septic shock have
persistent hypotension requiring vasoactive
agents to augment BP despite fluid
resuscitation.” Norepinephrine is

recommended as a first-line treatment by
the Surviving Sepsis Campaign (SSC)
guidelines for patients with septic shock.” If
mean arterial pressure (MAP) remains
inadequate with norepinephrine, vasopressin
is suggested as the second-line adjunctive
agent.” More than 30% of patients with
septic shock in the United States receive
adjunctive vasopressin, with use rising over
time despite exponential increases in

ABBREVIATIONS: IQR = interquartile range; MAP = mean arterial
pressure; RR = relative risk; SSC = Surviving Sepsis Campaign;
VANISH = Vasopressin vs Norepinephrine as Initial Therapy in Septic
Shock; VASST = Vasopressin in Septic Shock Trial
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vasopressin cost.” This price inelasticity of vasopressin
demand, where demand does not decrease as cost rises,
indicates that clinicians’ perceived benefit of vasopressin
overcomes its cost barrier. Despite increased use over
time, ideal patient selection and initiation timing for
adjunctive vasopressin in the course of a patient’s shock
are not well elucidated. The 2021 iteration of the SSC
guidelines note that initiating vasopressin when the
patient requires between 0.25 and 0.5 ig/kg/min of
norepinephrine “seems sensible.” Yet, many questions
remain regarding the timing of vasopressin initiation.
This article reviews the rationale for vasopressin use in
septic shock, discusses the results of clinical trials
evaluating vasopressin, and focuses on the timing of its
initiation, with the goal of providing clinicians guidance
on the bedside use of adjunctive vasopressin in patients
with septic shock. This review expands on a recent
article in discussing vasopressor escalation in septic
shock.”

Literature Search

A search of MEDLINE via PubMed for clinical trials,
randomized controlled trials, and meta-analyses was
conducted to exhaust the search of articles pertinent to
this review article. The following medical subject
headings were used for evaluation of pertinent articles:
septic shock, vasopressins, arginine vasopressin. The
search was conducted May 26, 2022, with these terms:
(“shock, septic” [MeSH]) and (“vasopressins”[MeSH])
or (“arginine vasopressin”[MeSH]) not (“terlipressin”
[Title/Abstract]) not (“selepressin” [Title/Abstract]).

Evidence Review

Vasopressin Physiologic Features and Rationale

Exogenously administered vasopressin exerts multiple
physiologic effects mediated primarily through activity
at vasopressin receptors (V,, Vs, and V; receptors).”"’
Activity at V; receptors in the vascular smooth muscle
cells results in the vasoconstrictive effects targeted when
using vasopressin in patients with vasodilatory shock.
Activation of V; receptors has been shown to cause
nitric oxide-mediated vasodilation of the pulmonary
"% However, this effect
seems to be inconsistent across animal species, with
vasopressin causing pulmonary vasoconstriction in a
canine animal model."* Activation of V, receptors in the
renal collecting ducts results in antidiuretic effects and
resorption of free water. Finally, activity at V5 receptors

vasculature in rodent models.

in the pituitary include stimulation of
adrenocorticotropic hormone production. Additionally,

exogenous administration of vasopressin in patients
with septic shock may be considered hormone
replacement therapy because of the findings that
vasopressin concentrations appropriately rise in the
early phase of septic shock then quickly decline to
subtherapeutic concentrations within the first 24 h after
shock onset.”!>"!7

Mechanistically, vasopressin is an attractive agent in
patients with septic shock receiving escalating doses of
norepinephrine, as suggested by the SSC guidelines.’
Other than its use as a hormone replacement,
vasopressin is used as a vasoconstrictor to limit
exogenous catecholamine exposure. Catecholamines
exert their hemodynamic effects through activity at
adrenergic o.-receptors and P-receptors. These receptors
are susceptible to downregulation and desensitization in
states of shock, often necessitating higher doses to
sustain hemodynamic augmentation.'® High
catecholamine doses (> 1 pg/kg/min) have been
associated with higher mortality, but the true cause-and-
effect relationship is challenging to untangle because it is
difficult to overcome the confounding in these
observational studies resulting from the high severity of
illness that often requires high catecholamine
dosages.'”** Catecholamines have been shown to have
other adverse effects, including increased risk of
arrhythmias®>*° 730
Norepinephrine enhances antiinflammatory IL-10
response and attenuates the proinflammatory cytokine
tumor necrosis factor alpha, whereas vasopressin
exhibits no immunomodulatory effects. Importantly,
higher norepinephrine doses cause more profound
proinflammatory and antiinflammatory cytokine
imbalance.”” Further, the addition of vasopressin to
norepinephrine decreases overall cytokine

and immunomodulation.

concentrations compared with norepinephrine
monotherapy in patients with septic shock.’ In light of
the potential dose-dependent detrimental effects
associated with catecholamines, it is prudent to use
noncatecholamine adjuncts like vasopressin to limit
catecholamine doses.

Clinical Trials

To date, three large randomized controlled trials have
evaluated the use of adjunctive vasopressin in septic
shock. The Vasopressin in Septic Shock Trial (VASST)
randomized patients with septic shock to receive either
open-label norepinephrine with masked norepinephrine
(equating to norepinephrine monotherapy; n = 382) or
open-label norepinephrine with masked adjunctive
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vasopressin (n = 397)."” After masked study drug
initiation, open-label norepinephrine requirements were
significantly lower in patients randomized to vasopressin
(P < .001). The rates of serious adverse effects were
similar between groups, but the addition of vasopressin
caused lower heart rates.””> Overall, no difference in the
primary outcome of 28-day mortality was detected
between trial arms (35.4% norepinephrine and
vasopressin vs 39.3% norepinephrine monotherapy;
absolute difference, -3.9%; 95% CI, -10.7% to 2.9%).
However, in the stratum of patients with norepinephrine
requirements of 5 to 14 [ig/min at the time of
randomization, 90-day mortality was lower in patients
randomized to receive vasopressin (35.8% vs 46.1%;
absolute difference, -10.4%; 95% CI, -20.3% to —0.4%;
P = .10 for interaction). Similarly, in a post hoc
subgroup analysis, patients with a lactate concentration
of = 1.4 mM at randomization receiving vasopressin
showed lower rates of all-cause mortality

(18.9% vs 33.8%; absolute difference, -14.9%; 95% CI,
-27.9% to -1.5%; P = .04 for interaction).'”

The Vasopressin vs Norepinephrine as Initial Therapy in
Septic Shock (VANISH) trial randomized patients either
to norepinephrine (n = 204) or to vasopressin (n = 204)
as the initial vasoactive agent.”” No difference was
detected between the vasopressin and norepinephrine
groups in the primary outcome of kidney failure-free
days or 28-day mortality. However, patients allocated to
vasopressin showed a lower frequency of the use of
kidney replacement therapy (absolute difference, —-9.9%;
95% CI, -19.3% to —0.6%). Similar to VASST, patients
randomized to receive vasopressin showed lower
norepinephrine dose requirements after randomization.
Although this study was intended to evaluate
vasopressin as the initial vasoactive agent, 85% of
patients already were receiving norepinephrine at the
time of randomization, leaving a small portion of
patients who received vasopressin as the initial agent.
Therefore, this study is best described as evaluating
catecholamine-adjunctive vasopressin.”

The third large clinical trial was published only in abstract
form. This trial randomized 387 patients with septic shock
receiving “low doses” of norepinephrine either to
norepinephrine with adjunctive vasopressin or to
norepinephrine alone and found lower rates of 28-day
mortality (34.0% vs 42.3%; P = .03) in patients who
received vasopressin.”* The total duration of vasopressor
treatment also was lower in the vasopressin arm (37 h
vs 68 h; P = .02). Although reported to be evaluating
“early” vasopressin use, full details of this trial are unclear,

including the norepinephrine dose at randomization
(when vasopressin was initiated). One additional large
randomized controlled trial, the Vasopressin versus
Norepinephrine for the Management of Septic Shock in
Cancer Patients trial, randomized 250 patients with cancer
with septic shock to receive either vasopressin or
norepinephrine as first-line vasoactive therapy and
similarly did not detect a difference in 28-day mortality
(absolute difference, 4.0%; 95% CI, —-8.2% to 16.1%).” It is
important to note that the Vasopressin vs Norepinephrine
for the Management of Septic Shock in Cancer Patients
trial was designed to evaluate vasopressin as a first-line
vasopressor, and it is unknown how many patients were
receiving open-label norepinephrine at the time of
randomization and study enrollment.

Several meta-analyses have evaluated the use of
vasopressin as first-line or adjunctive therapy in patients
with vasodilatory or septic shock.”**" An individual
patient data meta-analysis of four randomized
controlled trials, including VASST and VANISH, found
no difference in 28-day mortality with the use of
vasopressin (relative risk [RR], 0.98; 95% CI, 0.86-
1.12).”* However, meta-analyses that included
randomized controlled trials evaluating multiple
vasopressin receptor agonists (including vasopressin,
terlipressin, pituitrin, and selepressin) found reduced
mortality associated with vasopressin receptor agonist
use (RR, 0.91; 95% CI, 0.85-0.99).>*” One meta-analysis
that evaluated randomized controlled trials of
noncatecholamine vasoactive agents as a whole,
including vasopressin receptor agonists and angiotensin
I1, also showed improved 28-day mortality favoring
noncatecholamine vasoactive agents (RR, 0.92; 95% CI,
0.86-0.99).%° In the 2021 iteration of the SSC guidelines,
an internal meta-analysis of 10 randomized controlled
trials found improved mortality with the use of
vasopressin (RR, 0.91; 95% CI, 0.83-0.99).6 These meta-
analyses also found approximately twofold to fivefold
higher risk for digital ischemia with vasopressin receptor
agonists, but no between-group differences in total or
serious adverse effects. Overall, most of the data from
these meta-analyses indicate vasopressin receptor
agonists can reduce mortality in patients with
vasodilatory and septic shock safely.

Vasopressin Use in Clinical Practice

Vasopressin has been discussed in each iteration of the
SSC guidelines. In the initial (2004) iteration, vasopressin
was noted as a consideration in patients with refractory
septic shock despite fluid resuscitation and “high-dose”
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vasopressors.’” More recent iterations increased the
strength of this reccommendation from ungraded guidance
to suggestions with moderate quality of evidence in
support.>*** The 2021 iteration is the first to introduce
concepts surrounding the timing of vasopressin initiation,
with a remark stating that “in our practice, vasopressin is
usually started when the dose of norepinephrine is in the
range of 0.25-0.5 [ug]/kg/min.” Because of insufficient
evidence at the time, this “in our practice” statement was
generated through surveying SSC panel members and
represents the most frequent response.” Although this is
not a recommendation by the SSC for a specific threshold
of catecholamine dose at which vasopressin should be
initiated, this statement represents clinician interest and
the need for further research on the topic. In fact,
evaluating how to escalate vasopressors and when to
initiate second-line and third-line agents in patients with
septic shock has been identified as a research priority by
the SSC Research Committee."*"”

Escalating norepinephrine dose requirements are a
common consideration for bedside vasopressin decision-
making. Norepinephrine dose requirements are a clinical
marker of shock severity and prognosis in patients with
septic shock,™ typically are used as a threshold for
initiation of adjunctive agents, and as previously
mentioned, are used as the marker that the SSC guidelines
describe for starting vasopressin.”**** Although
norepinephrine dose requirements may be easy to use at
the bedside, it is unknown if this is the optimal marker for
vasopressin initiation decision-making. Further, the
norepinephrine-equivalent dose at which vasopressin was
initiated has varied substantially in both experimental and
observational studies (Table 1),!7#%3%°0-58 Although most
studies reported norepinephrine-equivalent doses of
between 20 and 30 {ig/min (or 0.3-0.4 lg/kg/min) at the
time of vasopressin initiation, norepinephrine doses
exceeding 1 ng/kg/min also were reported. In addition to
norepinephrine dose requirements, the timing of
vasopressin initiation also can be considered in the
context of other factors available at the bedside, such as
the degree of hypoperfusion (represented by the lactate
concentration) or the time from shock onset (described as
the duration of time since initiation of vasopressors).
These clinical factors also have varied greatly in
observational and experimental studies at the time of
vasopressin initiation (Table 1).

Timing of Vasopressin Initiation

Few experimental studies have investigated the clinical
question of the optimal timing for vasopressin initiation

in patients with septic shock. Although designed to
evaluate first-line vasopressin use, most patients (85%)
included in the VANISH trial already were receiving
norepinephrine at a median dose of 0.16 pg/kg/min,
which could have masked the beneficial effects of initial
or very early vasopressin use.”’ To date, no large,
randomized clinical trial has sought to compare different
timing thresholds of vasopressin initiation in patients
with septic shock.

Three small observational studies evaluated the use of
early adjunctive vasopressin compared with
norepinephrine monotherapy in patients with septic
shock.” ®" One prospective observational study of 50
patients with septic shock who received either
norepinephrine alone (n = 30) or norepinephrine
with vasopressin initiation within 24 h (n = 20) found
greater improvement in organ dysfunction (median
Sequential Organ Failure Assessment score change) in
vasopressin recipients both at 48 h (41 [interquartile
range (IQR), -1 to 3] vs -2 [IQR, -3 to 1]; P < .001)
and at 72 h after inclusion (-2 [IQR, -4 to 0] vs -3
[IQR, -5 to 0]; P = .049).”° The between-group
difference in Sequential Organ Failure Assessment
score over the first 72 h also was demonstrated in a
repeated measures of variance analysis that accounted
for baseline Sequential Organ Failure Assessment
score (P = .009). In a second prospective, open-label,
before-after cohort study of 82 patients with septic
shock, vasopressin initiation (0.04 units/min) within
4 h of norepinephrine administration (n = 41)

was compared with norepinephrine monotherapy

(n =41).%° Early vasopressin use was associated with a
2-h reduction in time to achieve and maintain MAP
of 65 mm Hg (5.7 h [IQR, 1.7-10.3 h] vs 7.6 h [IQR,
3.6-16.7 h]; P = .058). Additionally, no difference was
detected for any clinical outcomes evaluated. Finally,
one retrospective cohort study found that patients
who received vasopressin within 4 h of
norepinephrine initiation (n = 48) demonstrated a
shorter time to achieving the MAP target (6.2 = 4.9 h
vs 9.9 + 9.1 h; P = .02) compared with those who
received norepinephrine alone (n = 48).°' These
studies showed improved MAP and organ function
when vasopressin was initiated early in patients with
septic shock compared with norepinephrine
monotherapy. However, these studies are
heterogeneous in the way vasopressin was used and
lacked the methodologic rigor required to answer
successfully the question of when to initiate
vasopressin.
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TABLE 1 | Vasopressin Initiation in Clinical Trials of Patients With Vasodilatory Shock

At Vasopressin Initiation

Lactate Concentration,

Timing From Shock

Study Methodology No. of Patients Year(s) Norepinephrine Dose mM Onset, h
Experimental studies
Russell et al*” Multicenter, randomized, 779: 2001-2006 20.7 + 22.1 pg/min 3.5+ 3.2 11.9 £ 8.9°
(2008; VASST) double-blind trial of patients AVP plus 0.26 + 0.27 pg/kg/min
with septic shock norepinephrine,
397
Norepinephrine
alone, 382
Gordon et al*? Multicenter, randomized, 409: 2013-2015 0.16 (0.1-0.3) pug/kg/min 2.3 (1.4-4.0) 3.5 (1.8-5.2)°
(2016; VANISH) double-blind trial of patients AVP plus placebo,
with septic shock 205
Norepinephrine
plus placebo,
204
Hajjar et al®® Single-center, randomized, 250: 2014-2016 0.33 (0.31-0.37) pg/kg/ AVP, 2.67 (1.88-3.88) | NA
(2019; VANCS II) double-blind trial of patients AVP, 125 min°© Norepinephrine, 2.77
with cancer and septic shock Norepinephrine, (1.66-5.10)
125
Dunser et al®* Single-center, randomized trial 48: 2001-2002 0.84 + 0.55 pg/kg/min NA NA
(2003) of patients with AVP plus
catecholamine-resistant norepinephrine,
vasodilatory shock resulting 24
from sepsis or after Norepinephrine
cardiovascular surgery alone, 24
Torgersen et al°® Single-center, open-label trial of | 50: 2008 AVP 0.033, 0.98 + 0.6 ng/ AVP 0.033, 4.0 + 2.9 NA
(2010) patients with vasodilatory AVP 0.033 U/min, kg/min AVP 0.067, 5.4 + 5.0
shock resulting from sepsis or 25 AVP 0.067, 0.86 + 0.34ug/
after cardiac surgery AVP 0.067 U/min, kg/min
25
Observational studies
Luckner et al®® Retrospective, single-center 316 1999-2003 1.06 + 1.25 pg/kg/min 4.8 £4.2 NA
(2005) trial of patients with
vasodilatory shock receiving
vasopressin
(Continued)
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TABLE 1 | (Continued)

At Vasopressin Initiation
Lactate Concentration, Timing From Shock
Study Methodology No. of Patients Year(s) Norepinephrine Dose mM Onset, h
Luckner et al®” Retrospective, single-center 78 1999-2006 1.07 + 1.10 pg/kg/min 5.1 £4.0 NA
(2007) trial of patients with
vasodilatory shock receiving
vasopressin
Sacha et al*°® Retrospective, single-center 938 2011-2015 28.2 + 19.9 ug/min 48+ 4.4 NA
(2018) trial of patients with septic 0.34 + 0.26 pg/kg/min
shock receiving vasopressin
Allen et al®? (2018) Retrospective, multicenter trial 400 2013-2015 0.4 (0.2-0.5) pg/kg/min NA NA
of patients with shock
receiving vasopressin
Dubrawka et al’® Retrospective, single-center 182 2010-2017 Standard dose, 32.5 (21.0- NA Standard dose,
(2021) trial of obese patients with 50.0) pg/min¢ 15.0 (7.8-
septic shock receiving High dose, 34.0 (19.3- 38.1)
vasopressin 49.3) pg/min High dose, 18.6
(10.3-80.3)¢
Sacha et al®* Retrospective, multicenter trial 1,610 2012-2017 25.0 (18.0-40.0) pg/min 3.9 (2.3-7.2) 5.3(2.12-12.2)
(2022) of patients with septic shock
receiving vasopressin

Teetn

Data are presented as mean =+ SD or median (interquartile range), as reported in original publication. Norepinephrine-equivalent dose, lactate concentration, and timing to vasopressin initiation are reported in the
total included patient population, unless otherwise specified. AVP = arginine vasopressin; NA = not available. VANCS II = Vasopressin vs Norepinephrine for the Management of Septic Shock in Cancer Patients;
VANISH = Vasopressin vs Norepinephrine as Initial Therapy in Septic Shock; VASST = Vasopressin and Septic Shock Trial.

“Time from meeting inclusion criteria to initiation of study drug infusion.

®Time from onset of shock to receiving first study drug.

“Reported as median dose of norepinephrine on day 0.

9Standard dose of vasopressin was defined as receipt of vasopressin = 0.04 units/min, and high dose of vasopressin was defined as vasopressin > 0.04 units/min.
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Several observational studies have evaluated
vasopressin initiation timing by restricting inclusion to
only vasopressin recipients and comparing groups
defined by patient characteristics or clinical variables
at vasopressin initiation.”"*' > Most of these studies
primarily evaluated the time from shock onset to
vasopressin initiation, typically defined as the time of
vasopressor initiation.”” ®* Findings were
heterogeneous in these relatively small (largest

n = 385) retrospective studies. Some found earlier
initiation of vasopressin after shock onset was
associated with faster time to shock resolution®*;
improvement in the composite outcome of either in-
hospital mortality, organ dysfunction, or both®*; and
reduced frequency of new-onset arrhythmias.®’
Conversely, one study did not detect an association
between hemodynamic response after vasopressin
initiation and the timing of vasopressin initiation.”’
Additionally, a meta-analysis that included both
prospective and observational studies evaluating the
timing of vasopressin initiation did not detect an
association between initiation of vasopressin within

6 h of shock onset and short-term mortality, new-
onset arrhythmias, and ICU length of stay.”® It is
important to note that these studies varied in the
timing thresholds evaluated, with “early” being defined
as anywhere from 3 to 7 h after shock onset, and have
varied in the clinical outcomes evaluated.

An observational study was the largest study to
investigate the timing of vasopressin initiation.”" This
study included 1,610 patients with septic shock and
evaluated vasopressin initiation timing in three
contexts: the norepinephrine-equivalent dose at
vasopressin initiation, the lactate concentration at
vasopressin initiation, and the time from shock onset to
vasopressin initiation. After adjustment for patient
severity and confounders, the odds of in-hospital
mortality increased 20.7% for every 10-Jig/min increase
in norepinephrine-equivalent dose at vasopressin
initiation, up to a norepinephrine-equivalent dose of 60
lg/min (adjusted OR, 1.21; 95% CI, 1.09-1.34)

(Table 2). At norepinephrine-equivalent doses
exceeding 60 [lg/min at vasopressin initiation, no
association was detected. To aid with translation of the
findings to bedside practice, comparisons of
vasopressin initiation at norepinephrine-equivalent
dose thresholds also were described. Odds of in-
hospital mortality were lower for vasopressin initiation
at a norepinephrine-equivalent dose of 10 [lg/min vs 25
Mg/min or 60 pg/min (Fig 1, Table 2). This study also

TABLE 2 | Associations Between Norepinephrine-
Equivalent Dose and Lactate Concentration
at Vasopressin Initiation and In-Hospital
Mortality

Timing Variable
NEQ, per 10 pg/min?®°
NEQ threshold comparison,

Adjusted OR (95% CI)
1.21 (1.09-1.34)

pg/min®
10 vs 25 0.75 (0.65-0.88)
10 vs 60 0.39 (0.24-0.65)
25 vs 60 0.52 (0.36-0.74)

Lactate, per mM%¢
At 2.1 h from shock onset
At 5.3 h from shock onset
At 12.2 h from shock onset

1.12 (1.06-1.18)
1.14 (1.06-1.22)
1.18 (1.07-1.32)

NEQ = Norepinephrine-equivalent dose.

“Adjusted OR presented for every 10-pg/min increase in NEQ up to 60 pg/
min.

PAdjusted for the following known confounders: lactate at vasopressin
initiation, time from shock onset, age, weight, sex, race, immune sup-
pression, ICU location, hydrocortisone receipt, mechanical ventilation,
acute kidney injury, receipt of appropriate antibiotics, Sequential Organ
Failure Assessment score, Acute Physiology and Chronic Health Evaluation
11T score, fluid balance, and volume fluid bolus administration.

“Because of the presence of effect modification between lactate concen-
tration and duration of time from shock onset, the association between
lactate concentration at vasopressin initiation and in-hospital mortality
was described by quartile of time from shock onset.

dadjusted for the following known confounders: NEQ at vasopressin
initiation, age, weight, sex, race, immune suppression, ICU location, hy-
drocortisone receipt, mechanical ventilation, acute kidney injury, receipt
of appropriate antibiotics, Sequential Organ Failure Assessment score,
Acute Physiology and Chronic Health Evaluation III score, fluid balance,
and volume fluid bolus administration.

found an association between higher lactate
concentration at vasopressin initiation and higher in-
hospital mortality (Table 2). Finally, no association was
detected between the time from shock onset to
vasopressin initiation and in-hospital mortality.”’
When outcomes were described by quartiles of both
lactate concentration and norepinephrine-equivalent
dose at the time of vasopressin initiation, the lowest
rates of in-hospital mortality were observed in patients
in whom vasopressin was initiated when the
norepinephrine-equivalent dose was =< 18 |lg/min and
the lactate concentration was =< 2.3 mM (Fig 2). This
study corroborates the subgroup findings from the
VASST and suggests that patients who ultimately
receive adjunctive vasopressin benefit most from its
initiation earlier in the course of shock, specifically at
lower norepinephrine-equivalent doses (< 15 [lg/min,
in agreement with the VASST subgroup analysis) and
at lower lactate concentrations. The reasons for the
discrepant findings related to temporal time of
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Figure 1 - Line graph showing norepinephrine-
100% - equivalent doses at vasopressin initiation,
modeled as a restricted cubic spline with three
knots (placed by the algorithm at 10 ug/min, 25

90% + ug/min, and 60 ug/min), were used to create a
prediction model for in-hospital mortality,
80% adjusting for severity and known confounders.
-

The shaded red area indicates the 95% CI of the
predicted probability. Initiation of vasopressin at
70% - lower norepinephrine-equivalent doses was
associated with lower odds of in-hospital mor-
tality. Initiation at 10 ug/min vs 25 jig/min: OR,
60% - 0.75 (95% CI, 0.65-0.88); initiation at 10 jg/min
vs 60 ug/min: OR, 0.39 (95% CI, 0.24-0.65); and
initiation at 25 jg/min vs 60 [g/min: OR, 0.52
50% - (95% CI, 0.36-0.74). (Reprinted with permission
from Sacha et al.”')

Predicted probability of in-hospital mortality, %

40% -
30% -
20% A
0 20 40 60 80 100 120 140 160
Norepinephrine-equivalent dose at vasopressin initiation, pg/min
vasopressin initiation after shock onset between this Second, important differences exist in the populations of
large observational studies and other observational patients evaluated. The randomized trials centered on
studies are unclear. One hypothesis is that temporal the population of patients with septic shock receiving
time from shock onset (or catecholamine vasopressor norepinephrine to compare adjunctive vasopressin
initiation) is related inconsistently to severity and initiation with continuation of norepinephrine

trajectory in patients with septic shock. Indeed, it may =~ monotherapy.'””” However, most of the observational

be that a bedside indicator for septic shock severity, like studies evaluated the population of patients who

norepinephrine-equivalent dose or lactate received vasopressin, which is a population with more
concentration, is a better clinical tool to use for severe illness in whom first-line norepinephrine has
determining when vasopressin should be initiated. failed as determined by the treating clinicians. Therefore,
the magnitude of benefit with early vasopressin seems to
Important disparities in results exist between be context dependent: the benefit of early vasopressin
experimental and observational studies of vasopressin initiation lies with those who ultimately will receive
initiation timing. The only study to show a clinical vasopressin. However, currently available models cannot
outcome benefit with early adjunctive vasopressin when predict a patient’s shock trajectory or their likelihood to
compared with norepinephrine alone in clinical trials be initiated on vasopressin accurately based on data
was the VANISH trial, yet an individual patient data available at the onset of shock. As such, if a clinician
meta-analysis did not detect an effect of vasopressin on incorporates into their practice the SSC suggestion to
28-day mortality.'” No evidence for heterogeneity of use vasopressin as a component of the hemodynamic
treatment effect by either norepinephrine dose (> 15 ug/ management of septic shock, it is prudent to initiate
min or < 15 [Ig/min) or lactate concentration (> 2 mM  vasopressin earlier as opposed to waiting to initiate
or < 2 mM) at randomization was detected in the meta- vasopressin until refractory shock has developed in the
analysis. A number of potential reasons exist for these patient.

differences in findings. First, in the meta-analysis,

norepinephrine dose and lactate concentration were Hemodynamic Response to Vasopressin

evaluated as dichotomous subgroups, a method that has Hemodynamic response to vasopressin initiation occurs
a lower statistical power to detect an effect compared in almost half of patients with septic shock (40%-45%)
with analyzing these variable in their continuous form and, when achieved, is associated with improved

(as was carried out in the large observational study).”” outcomes.”””"**® Defined as achievement of both a
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NEQ dose < 18 pg/min
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NEQ dose > 40 pg/min

NEQ dose <18 pg/min

NEQ dose 19-25 pg/min

Lactate

NEQ dose 26-40 pg/min
NEQ dose > 40 pg/min

NEQ dose < 18 pg/min

NEQ dose 19-25 pg/min
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NEQ dose > 40 pg/min

NEQ dose < 18 pg/min
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>7.3mmol/L  4.0-7.2 mmol/L 2.4-3.9 mmol/L

NEQ dose > 40 pg/min

2 4 .6 .8 1
In-Hospital Mortality Proportion

Figure 2 — Graph showing mortality by lactate concentration and NEQ (measure in micrograms per minute) at vasopressin initiation. In-hospital
mortality proportion is presented in quartiles of lactate concentration at vasopressin initiation by quartile of NEE at vasopressin initiation. Both higher
lactate concentration and higher NEE at vasopressin initiation were associated with higher mortality. NEQ = Norepinephrine-equivalent dose.

(Reprinted with permission from Sacha et al.”")

reduction in norepinephrine-equivalent dose and MAP
of = 65 mm Hg at 6 h after vasopressin initiation,
hemodynamic response after vasopressin initiation has
been associated with lower ICU mortality (adjusted OR,
0.51; 95% CI, 0.35-0.76), lower 28-day mortality
(adjusted hazard ratio, 0.60; 95% CI, 0.49-0.75), and
improved clinical trajectory (adjusted OR, 1.63; 95% CI,
1.26-2.10).°>°® A number of factors have been identified
as being associated with vasopressin responsiveness,
including lower lactate concentration at vasopressin
initiation, higher arterial pH at vasopressin initiation,
higher left ventricular ejection fraction, and nonmedical
(vs medical) ICU location.””**”° It is likely that other,
currently unidentified, factors are associated with (and
potentially causing) vasopressin responsiveness,
including genetic factors, biomarkers, and endogenous
vasopressin concentrations. Importantly, enrollment of
a heterogeneous population of patients with septic
shock in studies such as the VASST and VANISH trial
instead of a targeted population in whom vasopressin
would have led to a positive hemodynamic response
may have masked a beneficial mortality effect with
vasopressin. Until further research is conducted in this

area, clinicians should consider using early
hemodynamic response to vasopressin to guide
adjustments in their patient’s therapeutic regimen. This
includes monitoring for hemodynamic response after
vasopressin is initiated and adjusting the regimen (such
as increasing vasopressin dose, ceasing vasopressin, or
adding agents with alternative pharmacologic agents) if
hemodynamic response is not achieved within 6 h of
initiation.

Future State

Many unanswered questions remain regarding optimal
use of vasopressin in patients with septic shock

(Table 3). One important question includes the ideal
timing of vasopressin’s initiation. Specifically, indicators
of ideal timing for vasopressin initiation
(norepinephrine-equivalent dose vs lactate
concentration vs other clinical biomarkers) should be an
area of future research. It is likely that a single factor is
inadequate to predict beneficial effects with vasopressin
in patients with septic shock, but rather, a cluster of
factors identify a treatment-responsive subphenotype for
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TABLE 3 ] Important Research Questions for
Vasopressin in Septic Shock

Can patients who will respond to vasopressin’s initiation
be identified preemptively?

When is the most ideal time during the course of shock to
initiate vasopressin in a patient?

What clinical marker should be used as an indicator for
vasopressin’s initiation?

What is the maximum safe vasopressin dose?
Should the vasopressin dosage be titrated?

What therapeutic intervention should be undertaken in
individuals who do not respond to vasopressin
initiation?

How should vasopressin be discontinued in patients in
the convalescent phase?

vasopressin.”"’* Clinical prediction models, potentially
derived with machine learning or artificial intelligence
algorithms, could be used to identify these treatment-
responsive subphenotypes for adjunctive vasopressin.
Vasopressin response subphenotypes then could be used
as a component of a precision vasoactive drug strategy
or for predictive enrichment in an adaptive clinical
trial.”*’* Additionally, when discussing norepinephrine-
equivalent dose as a clinical threshold for initiation of
vasopressin, weight-based dosing vs non-weight-based
dosing should be elucidated further. Most studies
evaluating this parameter used non-weight-based dosing
thresholds; however, these thresholds are difficult to
translate to practice at institutions that use weight-based
doses. Similarly, many countries are supplied
norepinephrine as norepinephrine bitartrate, whereas
others have a norepinephrine base, where 1 [ig of
norepinephrine bitartrate equals 0.5 g of
norepinephrine base. Future trials and publications
should indicate which norepinephrine product is used at
the study institution to increase applicability of results
across institutions.

Future vasopressin studies in patients with septic shock
are imperative. Vasopressin use continues to increase
despite variable trial findings and moderate-quality
evidence supporting its use in septic shock.”” Increasing
use of vasopressin in this setting suggests that clinicians
deem it a necessary therapy for patients with septic
shock.””"”>”” Therefore, additional, high-quality
evidence is needed to optimize vasopressin use. Without
these data, clinical practice is unable to be advanced
toward patient-centered care where the vasoactive
regimen is targeted to each individual patient’s
hemodynamic status and clinical course and agents are
selected based on patient factors indicating that they will

benefit from a drug’s use.”” As of early 2023, 16 active
clinical trials are registered on ClinicalTrials.gov that
include vasopressin as an intervention; however, only
two of these trials are evaluating vasopressin use
specifically in patients with septic shock.”*”” Because
randomized controlled trials have not focused recently
on this intervention and do not seem to be prevalent in
the pipeline, high-quality observational studies need to
be considered, including those with enhancements in
methodologies for causal inference.*’

Summary

Vasopressin is the recommended second-line vasoactive
agent in patients with septic shock and escalating doses
of norepinephrine. However, the timing of its initiation
is not well elucidated in the literature or in clinical
guidelines. Recent observational studies have shown that
initiating vasopressin at lower norepinephrine-
equivalent doses or lower lactate concentrations is
associated with lower mortality. When vasopressin is
used, it is reasonable to initiate it when norepinephrine-
equivalent doses are < 15 [ig/min. Future studies of
vasopressin should focus on the timing of its initiation at
various clinical thresholds and patient selection for
receipt of vasopressin.
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