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Abstract

Background: Adjunctive vasopressors are added to norepinephrine in one-third of adults with
septic shock in the United States. However, effectiveness of this approach is unclear, and treatment
recommendations are based on indirect evidence. We sought to synthesize the direct evidence for

adjunctive vasopressor administration in adults with septic shock.

Methods: We searched MEDLINE, Embase, and Cochrane Central Register of Controlled Trials
from inception to June 7, 2023. We included randomized clinical trials of adults with septic shock
comparing adjunctive treatment with a vasopressin analogue, angiotensin II, methylene blue,
hydroxocobalamin, or catecholamine analogue to standard care vasopressors. The primary
outcome was short-term mortality (at or before 28-30 days or intensive care discharge). Secondary
outcomes included kidney replacement therapy, digital/peripheral ischemia, and venous
thromboembolism. Random-effects meta-analyses were conducted to derive risk ratios (RRs) and
95% Cls. The certainty of the evidence was assessed using Grading of Recommendations

Assessment, Development, and Evaluation.

Results: Of 6763 records, 17 trials (3813 participants) were included. Compared with standard
care, adjunctive vasopressor administration may reduce short-term mortality risk (RR, 0.92 [95%
CI, 0.85 to 1.00], low certainty, 17 trials [18 participants]) and likely reduces kidney replacement
therapy receipt (RR, 0.92 [95% CI, 0.84 to 1.01], moderate certainty, 8 trials [2408 participants]).
Adjunctive vasopressor treatment may increase risk of digital/peripheral ischemia (RR, 2.44 [95%
CIL, 1.17 to 5.10], low certainty, 9 trials [2981 participants]) and venous thromboembolism (RR,
16.48 [95% CI, 0.96 to 283.17], low certainty, 1 trial [321 participants]). There was some evidence
that the pooled estimate for short-term mortality was different (interaction P = 0.13) for trials
adjudicated as low risk of bias (RR, 0.95 [95% CI, 0.87 to 1.05]) compared with trials adjudicated
as some concerns or high risk of bias (RR, 0.82 [95% CI, 0.69 to 0.97]). The findings were robust

to multiple sensitivity and subgroup analyses.

Conclusions: In adults with septic shock, adjunctive vasopressors may lower short-term death risk

and likely lower kidney replacement therapy risk, but may increase risk of adverse effects. In the
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United States, adjunctive vasopressor use prevalence in septic shock is disconnected from the low

evidence certainty for a favorable mortality-to-risk profile.

Registration: PROSPERO CRD42023427984

Key Words: shock, septic; vasoconstrictor agents; vasopressins; systematic review; meta-analysis
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Background

Sepsis causes over 48 million incident cases and 20% of all deaths worldwide each year.! Within
the United States, sepsis is the leading cause of death in hospitals.? Consequently, interventions
are urgently needed to reduce mortality in patients with sepsis. Septic shock is the most severe
sepsis subset where profound circulatory and cellular metabolic derangements lead to substantial
mortality.®> Clinically, septic shock is characterized by cardiovascular failure due to vasodilation
resulting in hypotension requiring supportive care with vasopressors to maintain adequate blood
pressure and organ perfusion. The catecholamine vasopressor norepinephrine is recommended as
the first-line vasopressor in adults with septic shock.* Yet, adjunctive vasopressors such as
vasopressin are administered in addition to norepinephrine in 33-42% of patients in the United

States, with increasing prevalence over time.>”

Adjunctive vasopressors have pharmacology different from norepinephrine, leading to
alternative pathways for increasing blood pressure. Because of the potential for improved end-
organ perfusion, large randomized clinical trials have evaluated adjunctive vasopressors in adults
with septic shock.®'° These trials have consistently shown adjunctive vasopressors increase blood
pressure and lower norepinephrine requirements. However, despite point estimates favoring
adjunctive vasopressors, the treatment effect was small enough such that no trial has detected
improved mortality with an adjunctive vasopressor over standard care. Furthermore, an
improvement in a clinically-important outcome with an adjunctive vasopressor has only been
shown in one trial.’ These findings have led to large practice variability in adjunctive vasopressor

use both globally and within the United States.>!!

Previously published systematic reviews and meta-analyses have sought to inform the use of
adjunctive vasopressors in patients with septic shock.*!?"!” But each of the published reviews has
one or more important limitations that hinder its interpretation. Although designed to assess
randomized clinical trials of adjunctive vasopressors in septic shock, multiple reviews have
included a historically-controlled study misclassified as a randomized clinical trial, included trials
enrolling patients with the broader syndrome of distributive shock (of which septic shock is one
of several etiologies), and/or included trials predominantly evaluating the vasopressor(s) of interest
as a first-line treatment. These limitations hinder application of the previous reviews to the target

population for three reasons. First, simultaneous synthesis of a non-randomized study evaluating
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asynchronous cohorts with randomized clinical trials in a pairwise meta-analysis can lead to
confounding by selection bias, unexplained heterogeneity, and ambiguous results.!®! Second,
patients with septic shock have different hemodynamics and outcomes compared with patients
with other distributive shock etiologies such as post-cardiovascular surgery.’?? Lastly, and
importantly, trials predominantly evaluating the vasopressor of interest as an initial therapy are not
directly applicable to the use of the vasopressor as an adjunctive therapy. Despite their limitations
the findings from these reviews are utilized broadly, including in the 2021 Surviving Sepsis
Campaign International Guidelines, to support the administration of adjunctive vasopressors in
septic shock.* To overcome previous limitations, the objective of this systematic review and meta-
analysis was to determine whether adjunctive vasopressor treatment compared with standard care
was associated with lower risk for mortality and other important outcomes in adult patients with

septic shock based on the direct evidence from randomized clinical trials.

Methods

This systematic review and meta-analysis was conducted with a prespecified published protocol
(without subsequent amendments),”? registered in the International Prospective Register of
Systematic Reviews (registration number redacted), followed Cochrane handbook guidance,** and
reported in alignment with the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) statement.?

Eligibility Criteria

We included randomized clinical trials that recruited adult patients, of whom 75% or more had
septic shock, and compared the administration of an adjunctive vasopressor (75% or more
receiving a standard care vasopressor at enrollment) to standard care vasopressors. Adjunctive
vasopressor drugs of interest were 1) vasopressin and its analogues pituitrin, selepressin, and
terlipressin; 2) angiotensin II; 3) the nitric oxide pathway modulators methylene blue and
hydroxocobalamin; and 4) the catecholamine (and analogues thereof) vasopressors dopamine,
epinephrine, and phenylephrine. Although norepinephrine is currently recommended as the initial
vasopressor in patients with septic shock,* previous Surviving Sepsis Campaign International
Guidelines iterations published in 2004 and 2008 also recommended dopamine as an initial

vasopressor.?®?’ Because these guidelines may have been current at the time of trial design and
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recruitment, administration of norepinephrine or dopamine, with or without adjunctive vasopressor
infusion, were considered standard care vasopressor regimens.*?%2° However, no included trial
solely utilized dopamine and all included trials utilized norepinephrine. Standard care vasopressor
regimens could include placebo with continuation of open-label standard care vasopressors or
blinded comparator standard care vasopressor. Studies were excluded if they were published in a
non-English language, had a cross-over design, or were missing all outcomes of interest. We

included all eligible reports including studies only reported as abstracts.

Search Methods

We systematically searched MEDLINE, Embase, and the Cochrane Central Register of
Controlled Trials (CENTRAL) from inception to June 7, 2023. An information specialist
developed and implemented the search strategy. We also conducted manual searches of reference
lists of included studies and other systematic reviews. eTable 1 in the Supplement provides details

of the electronic search strategy.

Study Selection

We used the Covidence (Melbourne, Australia) reference management system to screen studies.
Six reviewers independently and in duplicate screened studies’ titles and abstracts for possible
inclusion. Two reviewers independently assessed the full text of articles in duplicate to determine

eligibility. Disagreements were resolved through discussion.

Data Collection

We extracted data from each included trial using a standardized and piloted data collection form
as outlined in the protocol. To optimize completeness, in addition to published study manuscripts
we utilized trial protocols, registers, and regulatory documents, when available. Extracted data
included characteristics of study design and enrolled population (e.g., demographics, percentage
with septic shock), and details of the intervention and comparator. Two reviewers independently
and in duplicate extracted data on outcomes. We did not impute missing data; each analysis only
included published trial results (a “complete case analysis”) and missingness for participant and
intervention characteristics is noted as indicate. Reviewers compared extraction results and

resolved disagreements through discussion. We did not contact study investigators to obtain or
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confirm data.

Risk of Bias Assessment

Two reviewers independently and in duplicate assessed risk of bias using the Cochrane Risk of
Bias 2 tool.® The data capture tool utilized embedded resources to optimize accuracy and
consistency of responses to risk of bias signaling questions. The results were compared, and

disagreements resolved through discussion.

Outcomes
The primary outcome was short-term mortality, defined as mortality at or before 28 days, 30
days, or intensive care unit (ICU) discharge. Mortality reported at these three follow-up timepoints

was considered equivalent.’!

Data were also collected for the following secondary outcomes:
intermediate-term mortality (at or before 60 days or hospital discharge),’! kidney replacement
therapy, digital/peripheral ischemia, and venous thromboembolism. Short-term and intermediate-
term mortality are considered patient-important outcomes in critically ill patients,>**® kidney
replacement therapy receipt was deemed on the causal pathway for mortality,** and
digital/peripheral ischemia and venous thromboembolism are recognized adverse effects of
adjunctive vasopressors.>> Secondary outcomes were accepted as defined by study authors. Each

of the primary and secondary outcomes was adjudicated as “critical” importance for decision

making by panel members for the 2021 Surviving Sepsis Campaign International Guidelines.*

Sensitivity and Subgroup Analyses

There were two prespecified sensitivity analysis.>> We compared trials where the risk of bias was
low with trials where there were some concerns for bias or a high risk of bias. We also attempted
to restrict studies to those evaluating non-catecholamine adjunctive vasopressors. There were four
post hoc sensitivity analyses; 1) we restricted studies to those evaluating currently available
vasopressor medications (removing selepressin), 2) we restricted studies to those where the
comparison standard care vasopressor regimen did not include an open-label intervention
vasopressor of interest, 3) we restricted studies to vasopressin analogues, and 4) we restricted
studies to those exclusively enrolling patients with septic shock . There were three prespecified

subgroup analyses.”> We compared trials by the intervention drug class/mechanism of action
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grouped as vasopressin analogues, angiotensin II, methylene blue and hydroxocobalamin, or
catecholamine analogues. We also compared trials by shock severity, as assessed by baseline
norepinephrine dosage above or below the overall median value from all studies. Lastly, we
attempted to compare trials by standard care vasopressor comparator, whether norepinephrine or
dopamine. In a post hoc subgroup analysis we restricted the analysis of short-term mortality by
intervention drug class/mechanism of action to only trials where the risk of bias was low. P values

for interaction between subgroups were tested.

Data Synthesis

Treatment effect for outcome measures (each dichotomous) was assessed by calculating the risk
ratio (RR) with 95% confidence interval (CI) between adjunctive vasopressor and standard care
groups. Included studies determined to be sufficiently similar for grouping through tabulation of
characteristics were analyzed with meta-analysis conducted using a random-effects model with the
DerSimonian and Laird inverse variance method. We a priori chose a random-effects model due
to anticipated between-study variation in estimated intervention effects. Heterogeneity among
trials was quantified with the I? statistic, reflecting the percentage of total variability in effect
estimates due to between-study heterogeneity rather than chance. A threshold for interpretation of
the I? statistic was not utilized.*® Evidence for heterogeneity of the intervention or subgroup effect
beyond chance was determined from the P value of a chi-square test, with a P value threshold
below 0.10 utilized to determine statistical significance.*® Funnel plots for outcome measures with
at least ten studies were visually inspected for evidence of publication bias. RevMan (Cochrane

Collaboration), version 5.4, was used to combine data quantitatively and visually display results.

Certainty of the Evidence

We used the Grading of Recommendations Assessment, Development, and Evaluation (GRADE)
approach to rate the certainty (i.e., quality or confidence) of the body of evidence that adjunctive
vasopressor administration compared with standard care improves each outcome measure.>’ The
target of our certainty ratings was an effect estimate greater than the minimum clinically important
difference (small effect threshold).”® To ensure judgments were systematic and transparent,
detailed assessments were provided in evidence profiles with rationale for each factor determining

the certainty of evidence for each outcome. A minimum clinically important difference for
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mortality in patients with septic shock, or critically ill patients in general, has not been established.
Some have utilized an absolute difference of 5% as the minimum clinically important difference
based on review of the literature, while others have postulated a 1.5% minimum clinically

important difference for calculation of statistical power in a trial.*°

Due to this lack of clarity we
considered both of these thresholds when adjudicating imprecision for mortality outcome
measures. To adjudicate imprecision, we also estimated the optimal information size for each
outcome measure.*'** We also generated a post hoc evidence profile restricted to adjunctive
vasopressin analogues. We used GRADEpro GDT (McMaster University and Evidence Prime) to

facilitate certainty of evidence assessment and produce estimates of absolute effect by applying

the RRs with 95% Cls to the risk in the control group.

Results

The electronic search resulted in 6763 records and the manual search identified 68 records
(Figure 1 and eTable 2 in the Supplement). After abstract screening and full-text review, 17 trials
were included enrolling 3813 participants.® 1447 Table 1 and eTable 3 in the Supplement present
the trial and patient characteristics. Sixteen of 17 trials exclusively enrolled subjects with septic
shock (81% of subjects had septic shock in one trial*®). In 12 of 17 trials all subjects enrolled were
receiving baseline standard care vasopressors, in three trials some patients (range 12-24%) solely

received the intervention or comparison vasopressor, >0~

and in two trials all patients were
receiving a baseline vasopressor but some patients (range 2-14%) were solely receiving a
vasopressor other than norepinephrine or dopamine.®* The included trials had a median of 40
participants (interquartile range [IQR], 22-407), the median age of participants was 63 years (IQR,

60-66), and the median percentage of female participants was 39% (IQR, 37%-42%).

Risk of Bias
eFigure 1 and eTable 3 in the Supplement present risk of bias assessments. The risk of bias was
adjudicated as low for 10 of 17 trials. We rated down the evidence certainty due to risk of bias for

short-term mortality but not for other outcomes (Table 2).

Primary Outcome

There were 17 trials (3618 participants) contributing data to the evaluation of short-term
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mortality. Assessment of short-term mortality was at or before 28 days in 12 trials, 30 days in 2
trials, and ICU discharge in 3 trials. The pooled estimated RR for short-term mortality for
adjunctive vasopressors was 0.92 (95% CI, 0.85 to 1.00; I*> = 0%) compared with standard care
vasopressors (Figure 2). There were serious concerns for imprecision regardless of the minimum
clinically important difference threshold used. The certainty in the evidence was adjudicated as

low (Table 2).

Sensitivity Analysis

Table 3 presents the results of the prespecified sensitivity and subgroup analyses for short-term
mortality. There was some evidence that the pooled estimate for short-term mortality was different
(P value for the between-subgroup interaction test = 0.13) for trials adjudicated as low risk of bias
(RR, 0.95[95% CI, 0.87 to 1.05]) compared with trials adjudicated as some concerns or high risk
of bias (RR, 0.82 [95% CI, 0.69 to 0.97]) as shown in Table 3 and eFigure 2 in the Supplement.
All included trials evaluated non-catecholamine adjunctive vasopressors, therefore a sensitivity
analysis restricted to non-catecholamine adjunctive vasopressors was not performed. Results were
similar in the post hoc sensitivity analyses of currently available vasopressor medications (eFigure
3 in the Supplement), when studies were restricted to those where the comparison standard care
vasopressor regimen did not include an open-label intervention vasopressor of interest (eFigure 4
in the Supplement), and when studies were restricted to those exclusively enrolling patients with
septic shock (eFigure 5 in the Supplement). In the post hoc sensitivity analysis of vasopressin
analogues, the certainty in the evidence was adjudicated as low (eFigure 6 and eTable 5 in the
Supplement). Visual inspection of the funnel plot did not raise concerns for publication bias

(eFigure 7 in the Supplement).

Subgroup Analysis

No evidence was detected for a differential estimate of the association of adjunctive vasopressor
administration with short-term mortality in trials based on the drug class/mechanism of action (P
value for the between-subgroup interaction test = 0.34; eFigure 8 in the Supplement) or baseline
shock severity (P value for the between-subgroup interaction test = 0.38; eTable 4 and eFigure 9
in the Supplement). Data were not available to permit an assessment of the potential heterogeneity

by comparator standard care vasopressor because no included trial solely utilized dopamine and
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all included trials utilized norepinephrine. Findings were similar when the subgroup analysis based
on the drug class/mechanism of action was restricted to trials where the risk of bias was low

(eFigure 10 in the Supplement).

Secondary Outcomes

Table 2 and eTable 5 and eFigures 11-22 in the Supplement present the results of the secondary
outcome assessments. Kidney replacement therapy was assessed in 8 trials (2408 participants),
intermediate-term mortality in 1 trial (evaluated at hospital discharge, 408 participants),
digital/peripheral ischemia in 9 trials (2981 participants), and venous thromboembolism in 1 trial
(321 participants). Compared with standard care, adjunctive vasopressors likely reduce kidney
replacement therapy receipt (RR, 0.92 [95% CI, 0.84 to 1.01], I> = 0%, moderate certainty), and
may increase risk of intermediate-term mortality (RR, 1.13 [95% CI, 0.85 to 1.51], I? not
applicable, low certainty), digital/peripheral ischemia (RR, 2.44 [95% CI, 1.17 to 5.10], I* = 40%,
low certainty), and venous thromboembolism (RR, 16.48 [95% CI, 0.96 to 283.17], I* not
applicable, low certainty). There was no evidence for a differential estimate of the association of
adjunctive vasopressor use with any secondary outcome in the sensitivity and subgroup analyses.

Publication bias assessment was limited by small numbers of studies for each secondary outcome.

Discussion

In this systematic review and meta-analysis, we found adjunctive vasopressor administration
may lower risk for short-term mortality compared with standard care vasopressors alone in adults
with septic shock. However, evidence certainty was low due to risk of bias and imprecision, and
the 95% confidence interval for the risk ratio included no effect. Short-term mortality reduction
was evident only in trials with some concerns or high risk for bias. Kidney replacement therapy
receipt is likely reduced with adjunctive vasopressor administration, but this therapy may increase
risk for intermediate-term mortality and adverse effects. There was evidence for a higher risk for
digital/peripheral ischemia with adjunctive vasopressors.

To our knowledge, this systematic review is the first to evaluate the direct evidence for adjunctive
vasopressor treatment in adults with septic shock. Previous reviews have sought to evaluate this
topic, but their evaluation of indirect evidence substantially limits application to patients with

septic shock. In particular, the review of vasopressin performed for the 2021 Surviving Sepsis

13

Copyright © 2025 by the Shock Society. Unauthorized reproduction of this article is prohibited.



Campaign International Guidelines is limited by inclusion of studies evaluating vasopressin as a
first-line vasopressor instead of adjunctive therapy, and inclusion of a trial enrolling patients with
distributive shock after cardiac surgery.* Further, they seemed to use any non-null effect instead of
a minimum clinically important difference when rating effect estimate imprecision certainty. While
our results are generally similar to previous reviews, the direct evidence was of low certainty to
support an association of adjunctive vasopressor administration in general (and also with
vasopressin analogues specifically) with a benefit on short-term mortality. This level of certainty,
along with the adverse effect risks outlined, should be incorporated into the evidence to decision
framework in future guidelines.

Adjunctive vasopressor administration is common and increasing in prevalence in adults with
septic shock.’” The prevalent use of these therapies in clinical practice is juxtaposed by our finding
of an uncertain mortality-to-risk profile. Clinicians may be utilizing adjunctive vasopressors to
improve a surrogate outcome, such as kidney failure or atrial fibrillation occurrence, instead of
mortality.!*® Indeed, our review found moderate certainty evidence supporting adjunctive
vasopressor administration was associated with reduced kidney replacement therapy receipt.
However, these outcomes have not been validated as important to patients and may be inadequate
surrogates for mortality.’?%% To address shortcomings of the current literature, additional trials
of sufficient size and quality evaluating the effect of adjunctive vasopressors on mortality and other
patient-important outcomes are greatly needed to inform clinical practice. These trials should
consider sepsis subclasses and other methods to enhance predictive enrichment for a treatment
response.®!64

Our review has several strengths. We overcame limitations of previous reviews by examining
the direct evidence for adjunctive vasopressor administration in adults with septic shock. We
closely adhered to established standards including reporting the evidence certainty for our findings
and incorporating a minimum clinically important difference threshold in our assessment. We
further performed a priori-planned sensitivity and subgroup analyses to ensure the robustness of

our findings.

Limitations
This study has several limitations. First, we included all adjunctive vasopressors in our main

analysis instead of focusing on a particular drug or mechanism of action. This approach heavily
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weighs the considerations put forth in the Cochrane Handbook on developing a broad versus a
narrow review and informs the administration of an additional vasopressor beyond norepinephrine
monotherapy, but does not isolate the effect of a particular adjunctive vasopressor of interest.2*
Because our grouping of adjunctive vasopressors can be perceived as a heterogenous collection of
trials we proactively sought to overcome this limitation by exploring reasons for heterogeneity
with a subgroup analysis by drug class/mechanism of action, which did not detect a substantial
subgroup or treatment effect. Second, we did not seek to evaluate actions taken with standard care
vasopressors after initiation of the intervention adjunctive vasopressor. While standard care
vasopressors may have been titrated off first, leaving the intervention adjunctive vasopressor as
the sole agent, at the time of trial enrollment the intervention was initiated as an adjunctive therapy.
As such we included trials utilizing this approach and did not separately evaluate trials where the
standard care vasopressor regimen was concomitantly administered throughout the intervention
time period. Third, in some trials the comparison standard care vasopressor regimen included an
open-label intervention vasopressor of interest.*>*”#%3% This could bias our findings in an
unpredictable direction. However, results from a sensitivity analysis excluding these trials were
similar to our primary analysis. Fourth, in the single study included in the analysis of intermediate-
term mortality,” the outcome was assessed at hospital discharge. However, the median hospital
length of stay in both groups in the study was 16 days; a follow-up duration shorter than the follow-
up time point we used to assess short-term mortality (28 days) for the study. Although our
assessment and reporting approach for this outcome followed our pre-specified protocol and
recommendations from the literature,**! this finding from the single study leads to unclear
interpretation of our intermediate mortality result. Fifth, we did not evaluate the intermediate
outcome atrial fibrillation or other catecholamine-specific adverse effects because their presence
on the causal pathway for mortality in septic shock is indeterminant, but associations have been
observed and these outcomes have the potential to drive administration of adjunctive vasopressors
in practice.” Sixth, our subgroup analysis based on shock severity stratified studies based on
reported baseline norepinephrine dosage. However, the norepinephrine formulation utilized in the
studies is unclear, which may have impacted the finding.®® Further, utilization of a norepinephrine
dosage threshold based on the overall median baseline value from all studies does not account for
the number of patients included in each study. Therefore, this threshold may not reflect the true

weighted value for an average patient; rather it reflects the value from an average study. Lastly,

15

Copyright © 2025 by the Shock Society. Unauthorized reproduction of this article is prohibited.



limiting trials to English language publication could have led to language bias.

Conclusions

Among adults with septic shock, adjunctive vasopressor treatment versus standard care may
lower short-term death risk and likely lowers kidney replacement therapy receipt risk but may
increase risk of intermediate-term death and adverse effects. The evidence certainty for adjunctive
vasopressors reducing short-term mortality was low due to concerns for risk of bias and
imprecision with the evidence. Current adjunctive vasopressor use prevalence in septic shock in
the United States is disconnected from the low evidence certainty for a favorable mortality-to-risk

profile.
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Figures

Figure 1. Flow Diagram of Search Strategy and Included Studies

Figure 2. Relative Risks of Short-Term Mortality in All Included Trials Comparing
Adjunctive Vasopressors to Standard Care Vasopressors in Adults With Septic Shock

Relative risks, represented as risk ratios, were calculated using a random-

effects model with DerSimonian and Laird weighting. The size of data

markers indicates the weight of the study. Error bars indicate 95% Cls. Green

circles with a plus indicate low risk of bias. Yellow circles with a question

mark indicate some concerns for bias. Red circles with a minus indicate high

risk of bias.

CI = confidence interval; IV = inverse variance.
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Figure 2

Adjunctive vasopressor  Standard care Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Barzegar 2016 5 15 7 15 0.8% 0.711[0.29, 1.75]
Chawla 2014 5 10 6 10  1.0% 0.83[0.37, 1.85] —
Dunser 2003 4 8 5 7 09% 0.70 [0.30, 1.62] e R
Gordon 2016 63 204 56 204 T7.2% 1.13[0.83, 1.52] 1T
Ibarra-Estrada 2023 15 45 21 46  24% 0.73[0.43, 1.23] R
Khanna 2017 75 163 85 158 13.6% 0.86 [0.69, 1.07] T
Kirov 2001 5 10 7 10 1.2% 0.71[0.34, 1.50] -
Laterre 2019 193 552 91 265 16.2% 1.02[0.83, 1.25] -T
Lauzier 2006 3 13 3 10 04% 0.77[0.20, 3.03]
Liu 2018 104 260 101 266 14.4% 1.05 [0.85, 1.30] T
Morelli 2008 12 19 14 20 3.3% 0.90 [0.58, 1.41] D
Oliveira 2014 65 191 83 196  10.0% 0.80 [0.62, 1.04] |
Patel 2023 3 10 4 10 04% 0.75[0.22, 2.52]
Russell 2008 144 404 154 395 20.4% 0.91[0.76, 1.09] =i
Russell 2017 7 31 4 19  0.6% 1.07 [0.36, 3.18]
Svoboda 2012 10 13 16 17  64% 0.82[0.58, 1.13] -
Wang 2022 4 10 5 12 0.6% 0.96 [0.35, 2.64]
Total (95% CI) 1958 1660 100.0% 0.92 [0.85, 1.00] L
Total events 77 662
Heterogeneity: Tau? = 0.00; Chi? = 8.47, df = 16 (P = 0.93); I = 0% 0?2 0?5 : 2 5

Test for overall effect: Z = 1.95 (P = 0.05)

Risk of bias legend

(A) Bias arising from the randomization process

(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data

(D) Bias in measurement of the outcome

(E) Bias in selection of the reported result
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Table 1. Characteristics of All Included Trials Comparing Adjunctive Vasopressors to Standard Care Vasopressors in Adults With Septic Shock

Study No. of No. of Septic Baseline standard care MAP goal Intervention?® Comparison?®
Trial Participant shock vasopressors (%, NE (mm Hg)
sites S (%) dose)
Barzegar 1 30 100 100%, NE 12.5 > 65 Vasopressin 0.03 NE titrated to goal MAP
et al,* mcg/min units/min
2016 without titration
Chawla 1 20 100 100%, NE 25.1 > 65 Angiotensin II 20 Placebo with titration to
etal,® mcg/min ng/kg/min, titrated to goal match intervention
2014 MAP between 5-40 process
ng/kg/min
Diinser 1 15 100 100%, NR >70 Vasopressin 0.067 NE titrated to goal MAP
et al,* units/min without titration
2003°
Gordon 18 409 100 76%, NE 0.16 65-75 Vasopressin 0.013 NE 2.66 mcg/min titrated
etal,’ mcg/kg/min units/min, titrated to goal ~ to goal MAP up to 12
2016 MAP up to 0.06 units/min mcg/min
Ibarra- 1 91 100 100%, NE 0.45 65-75 Methylene blue 100 mg Placebo intermittent
Estrada mcg/kg/min intermittent infusion over  infusion to match
et al,¥’ 6 hours once daily intervention process
2023
Khanna 75 344 81 98%, NE-equivalent >75 Angiotensin II 20 Placebo with titration to
et al,* 0.34 mcg/kg/min initial 3 ng/kg/min titrated to goal ~ match intervention
2017 hours, MAP between 1.25-200 process
then 65-75 ng/kg/min
Kirov 1 20 100 100%, NE 0.35 70-90 Methylene blue 2 mg/kg Sodium chloride bolus,
et al,* mcg/kg/min bolus, then 0.25 mg/kg/hr  then increased stepwise
2001 increased stepwise to to match intervention
2 mg/kg/hr process

Laterre 63 868 100 100%, NE 0.25 > 65 Selepressin 1.7, 2.5, or 3.5  Placebo with titration to
et al,'” mcg/kg/min ng/kg/min, titrated (by up  match intervention

2019 to 50%) to goal MAP process
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Lauzier 2 23 100 78%, NE 0.16 >70 Vasopressin 0.04 NE 0.1 meg/kg/min

et al,> mcg/kg/min units/min, titrated to goal titrated to goal MAP up
2006 MAP up to 0.20 units/min  to 2.8 mcg/kg/min

Liu 21 617 100 88%, NE 0.46 65-75 Terlipressin 20 mcg/hr NE 4 mcg/min titrated to
et al,>! mcg/kg/min titrated to goal MAP up to  goal MAP up to 30

2018 160 mcg/hr mcg/min

Morelli 1 40 100 100%, NE 0.9 65-75 Terlipressin 1 mg bolus NE titrated to goal MAP
et al,> mcg/kg/min times 1 dose only

2008

Oliveira NR 407 100 100%, NR 65-75 Vasopressin 0.01 NE 0.05 mcg/kg/min,

et al,> units/min, titrated to goal titrated to goal MAP up
2014 MAP up to 0.03 units/min  to 2 mcg/kg/min

Patel 1 20 100 100%, NE 0.29 65 Hydroxocobalamin 5 g Placebo bolus times 1

et al,>* mcg/kg/min bolus times 1 dose only dose only

2023

Russell 27 802 100 86%, NE 20.7 mcg/min  65-75 Vasopressin 0.01 NE 5 mcg/min, titrated to
et al,? units/min, titrated to goal ~ goal MAP up to 15

2008 MAP up to 0.03 units/min  mcg/min

Russell NR (=3)° 53 100 100%, NE 0.28 > 65 Selepressin 1.25, 2.5, or Placebo without titration
et al,> mcg/kg/min 3.75 ng/kg/min without

2017 titration

Svoboda 1 32 100 100%, NE 1.4 65-75 Terlipressin 167 mcg/hr NE titrated to goal MAP
et al,> meg/kg/min without titration

2012

Wang 1 22 100 100%, NE 20 mcg/min > 65 Terlipressin 1.3 mcg/kg/hr  NE titrated to goal MAP
etal,”’ without titration

2022

2All routes of administration for intervention and comparison medications were intravenous and given via continuous infusion unless otherwise

specified. Patients received open-label standard care vasopressors (norepinephrine or dopamine) titrated to goal MAP in addition to intervention
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and placebo comparison, except in the five trials noted with baseline standard care vasopressor percentage below 100. In three of the five trials
with baseline vasopressor percentage below 100, a minority of patients (range 12-24%) solely received the intervention or comparison vasopressor
titrated to goal MAP, *>%! and in the other two trials all patients were receiving a baseline vasopressor titrated to goal MAP but some patients
(range 2-14%) were solely receiving a vasopressor other than norepinephrine or dopamine.®4®

®Total trial sample size n = 48. Data for subset of patients with septic shock (n = 15) used in this study was obtained from the individual patient
data systematic review and meta-analysis by Nagendran, et al. Intensive Care Med 2019;45:844-55.1

‘Reported as multicenter trial of patients in 3 countries, but the number of centers enrolling patients was not reported.

MAP = mean arterial pressure; NE = norepinephrine; NR = not reported.
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Table 2. Evidence Profile for the Comparison of Adjunctive Vasopressors to Standard Care Vasopressors in Adults With Septic Shock

Certainty assessment Ne of patients Effect

. Adjuncti | Standar | Relati Certai | Importa
Risk . . . Other
Ne of Study Inconsist | Indirect | Impreci . ve nty nce
studies | design of enc ness sion considerat vasopres | vasopres | (95%
g bias y ions s01[")s P 9

Short-term mortality (follow-up: 28 days, 30 days, and ICU discharge)

178104457 | randomi | serio not serious|  not serious® none 717/1958 | 662/1660 | RR 32 |@®®(O | CRITIC

zed us? serious (36.6%) | (39.9%) | 0.92 | fewer | O AL
trials (0.85 | per Low
to | 1,000
1.00) | (from
60
fewer
to 0
fewer)

Intermediate-term mortality (follow-up: hospital discharge)
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Certainty assessment Ne of patients Effect

Indirect | Impreci
ness sion
not very

Ne of
studies

Study Risk

design of
bias
not

Inconsist
ency

considerat

Adjuncti

ve

vasopres

sSors

Standar | Relati

vasopres | (95%

Absol
ute
(95%
(01}

Certai | Importa
nty nce

1° randomi not serious 68/204 | 60/204 | RR 38 | (O | CRITIC
zed | serio (33.3%) | (29.4%) | 1.13 | more O AL
trials us (0.85 | per Low
to 1,000
1.51) | (from
44
fewer
to 150
more)
Kidney replacement therapy (follow-up: range 28 to 30 da
g% randomi| not |not serious 553/1361 | 448/1047 | RR 34 PP | CRITIC
1044464850, 7ed | serio (40.6%) | (42.8%) | 0.92 | fewer | O AL
>4 trials us (0.84 | per |[Modera
to 1,000 te
1.01) | (from
68
fewer
to 4
more)

Digital/peripheral ischemia (follow-up: range 48 hours after study drug completion to 30 days)
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Certainty assessment Ne of patients Effect
Certai | Importa
nty nce

RlSk Other Adjuncti | Standar | Relati| Absol

Ne of Study Inconsist | Indirect | Impreci considerat ve ute

studies | design ency ness sion . vasopres | vasopres | (95% | (95%
ions

sors (01}

98- randomi serious? serious® none 77/1650 | 19/1331 | RR 21 | @@ | CRITIC
1044464851, 7ed | serio serious 4.7%) | (1.4%) | 2.44 | more | O AL
55,57 trials | us (1.17 | per | Low
to | 1,000
5.10) | (from
2 more
to 59
more)
Venous thromboembolism (follow-up: 28 days)
148 randomi| not |not serious not very none 8/163 0/158 RR |5 more| P | CRITIC
zed | serio serious | serious® (4.9%) (0.0%) |16.48 | per O AL
trials us (0.96 | 1,000 | Low
to (from
283.17|2 more
) to 8
more)
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aSee risk of bias figure and sensitivity analysis based on risk of bias. Some evidence for heterogeneity of outcome by risk of bias
subgroup (P = 0.13) with I = 56%. Interpretation of effect differs by subgroup; no detected mortality effect of adjunctive vasopressors
in low bias risk subgroup, and lower mortality risk of adjunctive vasopressors in some concerns or high bias risk subgroup.

®Wide confidence intervals, defined as the ends of the confidence intervals leading to different courses of action. Confidence interval
range includes no effect.

“Wide confidence intervals, defined as the ends of the confidence intervals leading to different courses of action. Confidence interval
range includes no effect. Total sample size does not meet optimal information size.

dLarge heterogeneity (P = 0.10). I* = 40%.

“Total sample size does not meet optimal information size. Confidence interval range includes no clinically important difference.

CI = confidence interval; ICU = intensive care unit; RR = risk ratio.
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Table 3. Sensitivity and Subgroup Analyses for Short-Term Mortality for the Comparison of Adjunctive Vasopressors to Standard Care

Vasopressors in Adults With Septic Shock

No. With Events/Total No. of Relative Effect
Participants
No. Interaction
of Standard P value®
Trial  Adjunctive Care Risk Ratio Absolute Effect, Events per
Group s Vasopressors Vasopressors 95% CI)? 1,000 (95% CD)?
Sensitivity analysis
Risk of bias 0.13
Low risk 10 609/1669 526/1371 0.95 (0.87 to 19 fewer (50 fewer to 12 more)
1.03)
Some concerns or high risk 7 108/289 136/289 0.82 (0.69 to 85 fewer (146 fewer to 14
0.97) fewer)
Subgroup analysis
Drug class/mechanism of action 0.34
Vasopressin analogues 12 614/1720 539/1426 0.95 (0.87 to 19 fewer (49 fewer to 15 more)
1.04)
Angiotensin II 2 80/173 91/168 0.85 (0.69 to 81 fewer (168 fewer to 33
1.06) more)
Methylene blue or 3 23/65 32/66 0.73 (0.49 to 131 fewer (247 fewer to 44
hydroxocobalamin 1.09) more)
Shock severity 0.38
Baseline NE dosage below 8 422/1239 324/930 0.98 (0.87 to 7 fewer (45 fewer to 35 more)
median 1.10)
Baseline NE dosage above 7 226/520 250/527 0.90 (0.80 to 47 fewer (95 fewer to 9 more)
median 1.02)

aRisk ratio <1.0 and absolute effect with fewer events favors adjunctive vasopressors.

34

Copyright © 2025 by the Shock Society. Unauthorized reproduction of this article is prohibited.



bP value for the between-subgroup interaction test.

NE = norepinephrine
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