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MEDICINE REVIEW
1. Executive Summary

Date: 24 April 2023 (Updated: 6 October 2023)

Medicine (INN): Vasopressors, inotropes as monotherapy or in combination

Medicine (ATC): HO1BA, CO1CA

Indication (ICD10 code): Septic shock

Patient population: Adult patients

Prevalence of condition: 677.5 (535.7 to 876.1) cases of sepsis per 100 000 in 2017 globally (Rudd, 2017). Septic shock prevalence
in Europe and North America among those diagnosed at any time was 6.5% (95% Cl 5.6 to 7.5%) using sepsis-3 criteria (Vincent,
2019).

Prescriber Level: Hospital level

Motivator/reviewer name(s): R Mpofu, TD Leong, S Dadan, R Griesel

PTC affiliation: Red Cross War Memorial Children’s Hospital pharmacy therapeutics committee (RM)

Key findings

®» |nternationally, noradrenaline is recommended as a first-line vasopressor for the management of septic shock.
This review assessed the evidence for vasopressor agents in the treatment of adults with septic shock. The quality
of evidence included in the current, Surviving Sepsis 2021, guidelines were assessed to be low, and
adaptation/adolopment approach was therefore not appropriate.

®» \We sourced and appraised systematic reviews, of which one was assessed as good quality (Gamper, 2016) using the
AMSTAR 2 tool. We also reviewed historical Surviving Sepsis guidelines to identify additional studies of relevance.
Five relevant primary RCTs were extracted from the systematic review and risk-of-bias appraised and synthesised
with meta-analysis of homogenous data as appropriate.

®» Noradrenaline (norepinephrine), with/without other catecholamines, probably does not reduce mortality
compared to adrenaline in the management of septic shock: 131/289 (45.3%) vs 124/271 (45.8%), with a relative
risk (RR) of 0.99 (95% Cl 0.83 to 1.18; I> = 0%), low certainty evidence.

®» |t is uncertain whether noradrenaline (norepinephrine), with/without other catecholamines, may have an effect on
time to mean arterial pressure goal (24 hours without vasopressor use), time to MAP stabilisation (MAP 70 to 80
mmHg) or effect on vasopressor free days (28 days), compared to adrenaline (epinephrine), very low certainty
evidence.

®» Noradrenaline (norepinephrine), with/without other catecholamines, may not reduce mean change in lactate
concentration from baseline, at 24 hours, compared to adrenaline (epinephrine), very low certainty evidence. The
mean difference was MD - 0.16 mmol/I (95% Cl -1.14 fewer to 0.82 more). This change is not considered clinically
significant.

®» There was no difference in supra- or ventricular-tachyarrhythmias between the adrenaline (epinephrine) [31/176
(17.6%)] vs noradrenaline (norepinephrine) + dobutamine combination treatment group [30/184(16.3%)], RR 0.92
(95% CI 0.59 to 1.45), very low certainty evidence.

®» |n conclusion, this review found that adrenaline (epinephrine) monotherapy is associated with similar clinical
outcomes as noradrenaline (norepinephrine) when used as monotherapy or in combination with other vasopressors.
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PHC/ADULT HOSPITAL LEVEL EXPERT REVIEW COMMITTEE RECOMMENDATION:

Type of
recommendation

We recommend
against the option and
for the alternative
(strong)

We suggest not to use
the option
(conditional)

We suggest using either
the option or the
alternative
(conditional)

We suggest
using the option
(conditional)

We recommend
the option
(strong)

X

PHC/ADULT HOSPITAL LEVEL EXPERT REVIEW RECOMMENDATION (Updated Electronically: 6 OCTOBER 2023):
Recommendation: The PHC/Adult Hospital Level Committee suggests not to use the option of noradrenaline for
management of septic shock.

Rationale:. Furthermore, noradrenaline (norepinephrine) is cost-prohibitive compared to adrenaline at present, and is
unlikely to have generic agents available for the foreseeable future.

Level of Evidence: Low to very low certainty evidence

Review indicator: Price reduction, availability of cost-effective noradrenaline products, or any new evidence of efficacy
or harm.

NEMLC RECOMMENDATION (MEETING OF 12 OCTOBER 2023):

Although the available evidence was of low to very low certainty, NEMLC did not recommend noradrenaline over
adrenaline for the initial management of septic shock that is unresponsive to a fluid challenge, due to the absence of
clinically significant advantages in mortality or safety.

Monitoring and evaluation considerations

Research priorities

Prospero registration: CRD42022368373

2. Name of author(s)/motivator(s): R Mpofu, TD Leong, S Dadan, R Griesel
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4. Introduction/ Background

Sepsis is a global, public health problem with a risk of mortality greater than 20% (Rudd, 2020). Sepsis is defined as
life threatening organ dysfunction due to a dysregulated host response to infection (Singer, 2016). This condition is
frequently complicated by septic shock, characterized by a failure to maintain mean arterial pressures (MAP) =65
mmHg without the use of vasopressor agents and a serum lactate concentration greater than 2 mmol/L (Singer, 2016).
Septic shock is associated with an in-hospital mortality risk greater than 40%. Treatment principles for septic shock
include early diagnosis and recognition, fluid resuscitation, antibiotic administration in addition to infection source
control, and vasopressor therapy (Surviving sepsis, 2021).
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Various drugs with vasopressor activity have been recommended for the treatment of septic shock, but adrenaline
(also known as epinephrine), noradrenaline (also known as norepinephrine), dopamine, and vasopressin agonists are
commonly used. Adrenaline, noradrenaline, and dopamine are endogenous catecholamines that act on a, B, and
dopamine (D) receptors to varying degrees, with clinical effects that are mediated by relative stimulatory effects on
these receptors. Adrenaline is a non-selective a-adrenergic and R-adrenergic receptor agonist that increases cardiac
rate, contractility, and systemic vascular resistance, particularly at doses used in the treatment of septic shock (Shields,
2016). However, high doses and prolonged use have been associated with potentially significant arrhythmias and
splanchnic vasoconstriction due to R;-adrenergic receptor stimulation (Overgaard, 2008). Noradrenaline, a more
selective catecholamine compared to adrenaline, predominantly stimulates a-adrenergic receptors and results in
peripheral vasoconstriction with reduced arrhythmogenic potential due to decreased R-adrenergic receptor effects
(Overgaard, 2008). Dopamine is an endogenous, centrally acting neurotransmitter that also serves as a precursor in
the synthesis of noradrenaline. At low doses (0.5 to 3 mg.kgt.min), dopamine stimulates postsynaptic, dopaminergic
Direceptors in the coronary, renal, mesenteric, and cerebral beds, while also stimulating presynaptic D, receptors in
the vasculature and renal tissues to promote vasodilation and improve organ perfusion. Effects at higher infusion rates
(10 to 20 mg.kgt.min?) are largely mediated by a;-adrenergic receptor vasoconstriction (Overgaard, 2008). Dopamine
has fallen out of favour as a first-line vasopressor agent in the treatment of septic shock based on data demonstrating
an increased risk of arrhythmias and mortality compared with other vasopressors like noradrenaline. However, it may
still have utility in a select group of patients, e.g., low risk of tachyarrhythmias or absolute/relative bradycardia
(Shields, 2016). Vasopressin is an endogenous, non-adrenergic vasopressor that exerts its circulatory effects through
V1, receptor mediated vascular smooth muscle constriction and V, receptor mediated water reabsorption by
enhancing renal collecting duct permeability (Overgaard, 2008). Vasopressin has minimal inotropic or chronotropic
effects on the heart (Shields, 2016).

The South African standard treatment guidelines (STGs) for Adult Hospital Level, 2019 edition, have previously
recommended adrenaline for the treatment of septic shock that is unresponsive to a fluid challenge, however, most
international guidelines consider noradrenaline as first-choice for vasopressor therapy, followed by other vasopressor
agents (which are sometimes recommended in combination) that have not previously been considered for the South
African Essential Medicines List (EML). This review assessed the evidence for vasopressor agents in the treatment of
adults with septic shock.

Methods:

We conducted a review of clinical practice guidelines (CPGs), systematic reviews of randomised controlled trials (RCTs)
and RCTs that compared noradrenaline (norepinephrine), with/without other catecholamines to adrenaline (current
standard of care) for management of septic shock in adults in the Adult Hospital Level Standard Treatment Guidelines

and Essential Medicine List, 2019 edition (NDoH, 2019). Review characteristics are included in Table 1.

Table 1: Purpose/Objective i.e., PICO

Population Critically ill adult patients (age 218) with septic shock
Intervention | Noradrenaline (norepinephrine) as monotherapy, or in combination with Dopamine OR Vasopressin
Control Adrenaline (epinephrine)
Outcomes 1. Clinical cure —time to shock reversal

2. Mortality

3. Safety: adverse effects, including ischaemic complications and dysrhythmias
Study Systematic reviews of RCTs or RCTs. Observational studies will only be sourced if the latter are
designs unavailable.

A stepwise methodological approach was used: appraising current good quality guidelines for adaptation/adolopment
to local context, followed by screening and selection of systematic reviews and health technological assessments
(HTAs) for data extraction and analysis and then extraction of RCTs from systematic reviews as appropriate.
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a. Data sources: Clinical Practice Guidelines were searched on the Guidelines International Network (GIN) Library
database and google scholar. Health Technology Assessments (HTAs) were sought on Nice Institute for Health and
Care Excellence (NICE), Canadian Agency for Drugs and Technologies in Health (CADTH), Scottish Medicines
Consortium (SMC), International HTA Database and the European network for Health Technology Assessment
(EUnetHTA). Systematic reviews and randomised controlled trials were searched in Epistemonikos, Cochrane Library,
PubMed. To identify planned and ongoing studies, World Health Organization’s International Clinicals Trials Registry
Platform (ICTRP) as well as ClinicalTrials.gov were also searched.

b. Search strategy:
Search strategies were developed for PubMed and Epistemonikos (
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6.

a.

Appendix 1). Search terms used for other databases were adapted from the above listed strategies.

. Screening, data extraction and analysis, evidence synthesis:

Guidelines: Eligible clinical guidelines were sourced (RM) and appraised in duplicate, using the AGREE Il tool (Brouwers,
2010) (RG, RM, TL, SD). To minimise duplication of efforts, where up-to-date guidelines that answers the review
guestion are assessed to be of sufficient quality, the guidelines will be adapted using the GRADE-ADOLOPMENT
approach, proposed by the GRADE working group (Schiinemann, 2017). This approach considers the populated GRADE
Evidence-To-Decision table (Moberg, 2018) for the specific clinical guideline on the GRADEPro website, and the
categories are then contextualized for South Africa.

Health Technology Assessments: Eligible HTAs were sourced (TL) with appraisal in duplicate, using the AMSTAR 2
checklist (RM, TL, SD), as required.

Systematic reviews: A stepwise approach was taken, first screening and selecting systematic reviews and HTAs for
data extraction and analysis. Records were uploaded into the reference management software, COVIDENCE
(Covidence, 2023). Titles and abstracts were screened independently and in duplicate (RG, RM, SD, TDL). Thereafter,
full text screening was done by two reviewers (RG, RM, SD, TDL) with conflicts resolved by a third reviewer. Eligible
systematic reviews were appraised using the AMSTAR 2 Checklist (Shea, 2017) (TDL, RM, SD) and the most relevant
studies was identified through consensus for data extraction. Reasons for excluding full texts at full-text stage were
agreed in duplicate with a third reviewer finalizing any disputes. The PRISMA flowchart provides an overview of the
review process (see Appendix 2).

Randomised controlled trials: Following the selection of the relevant systematic review(s), eligible RCTs were extracted
from the systematic review(s). We screened for any additional RCTs that were not included in the eligible systematic
review(s). Eligible RCTs were assessed for Risk of Bias using the Cochrane’s RoB 2.0 Tool (Higgins, 2019), with data
extraction. For dichotomous outcomes, we reported relative risk (RR) with 95% confidence intervals (95% Cl) and
results from the review or trial where possible. The mean difference (MD) with 95% Cl were reported where the
standard deviations (SDs) of outcomes were observed in two groups. SDs were calculated for normally distributed
interquartile ranges using the formula proposed by Wan et al (2014) and described by Higgins et al (2019). Where
available, we reported on the GRADE (level of certainty) of the evidence, considering various factors that may decrease
our confidence in the trial finding including risk of bias, inconsistency, imprecision, publication bias and indirectness.

Data from multiple studies (considered to be sufficiently homogenous in terms of design, population, interventions
and comparators reporting the same outcome) were combined and summarized through a meta-analysis using the
Mantel-Haenzel method and a random-effects model to account for further between-study heterogeneity. The data
was analysed using RevMan 5 (Review Manager version 5.4). Estimates were summarized using risk ratios (RR) and
95% Cls for dichotomous data, and mean differences and standard deviations for continuous data. Where appropriate,
absolute effects with numbers needed to treat (NNT) have been calculated and reported. For any outcomes where
insufficient data were found for a meta-analysis, a narrative synthesis has been presented.

Ongoing clinical trials: Clinical registries were screened (SD) to identify any relevant planned or ongoing clinical trials.

Results

Guidelines

We identified 3 guidelines, the Surviving Sepsis guidelines (2021), Japanese Clinical Practice Guidelines for Management
of Sepsis and Septic Shock (2020) and the clinical practice guidelines for sepsis and septic shock in adults in the Philippines
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(2020). These guidelines were all assessed using the AGREE |l tool to be of moderate quality (see Table 2 and Appendix

3).

Table 2. AGREE Il assessments of the sepsis guidelines

Guideline citation and website

Recommendations

AGREE Il Appraisal

Surviving Sepsis Guidelines, 2021

Recommendation: For adults with septic shock, we
recommend using noradrenaline (norepinephrine)
as the first-line agent over other vasopressors.
Strong

e Dopamine: High-quality evidence

e Vasopressin. Moderate-quality evidence

e Epinephrine. Low quality of evidence

e Selepressin. Low quality of evidence

e Angiotensin Il. Very low-quality evidence

Recommendation: For adults with septic shock on
norepinephrine with inadequate MAP levels, we
suggest adding vasopressin instead of escalating the
dose of norepinephrine. Weak, moderate quality
evidence

Recommendation: For adults with septic shock and
inadequate MAP levels despite norepinephrine and
vasopressin, we suggest adding epinephrine. Weak,
low quality of evidence

Recommendation: For adults with septic shock and
cardiac dysfunction with persistent hypoperfusion
despite adequate volume status and arterial blood
pressure, we suggest either adding dobutamine to
norepinephrine or using epinephrine alone. Weak,
low quality of evidence

Overall assessment 67%
Appendix 3.

See

Shock, 2020

The Japanese Clinical Practice Guidelines
for Management of Sepsis and Septic

Recommendation: Between noradrenaline and
dopamine, we suggest administering noradrenaline
as a first-line vasopressor in adult patients with
sepsis (GRADE 2D: certainty of evidence = “very
low”)

Recommendation: We suggest against using
adrenaline as a second-line vasopressor in patients
with sepsis/septic shock (GRADE 2D: certainty of
evidence = “very low”).

Recommendation: We suggest using vasopressin as
a second-line vasopressor in patients with
sepsis/septic shock (GRADE 2D: certainty of
evidence = “very low”).

Recommendation: We suggest administering
inotropes (adrenaline, dobutamine) in adult
patients with septic shock accompanied by cardiac
dysfunction  (expert consensus: insufficient
evidence).

Overall assessment 67%
Appendix 3

See

2020

Clinical practice guidelines for sepsis and
septic shock in adults in the Philippines,

Question 15. In patients with septic shock requiring
vasopressors, should we use norepinephrine over
other agents?

Overall assessment 58%
Appendix 3.

See
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Recommendation: We recommend norepinephrine
as a first-line agent in septic shock requiring
vasopressors (strong recommendation, high quality
of evidence).

Question 16. In patients with septic shock requiring
a second vasopressor, which agent should be added
to norepinephrine?

Recommendation: We recommend the use of
vasopressin (titrated up to 0.03 U/min) as the
second vasopressor of choice on top of
norepinephrine in patients with septic shock, with
the intent of raising MAP to target or decreasing
norepinephrine dosage (conditional
recommendation, low quality of evidence).

As the current international guidelines recommend noradrenaline (norepinephrine) as the vasopressor of choice and not
adrenaline (epinephrine), noting the low quality, the GRADE-ADOLOPMENT approach was not relevant. To identify
additional studies that may have been eligible for inclusion, historic Surviving Sepsis Guidelines (2001, 2004, 2008, 2012,
2016 and 2021) were also reviewed (see Appendix 4). However, no additional studies were identified.

b. Health technology assessments
We did not identify any health technology assessments relevant to the review.

c. Systematic reviews and randomised controlled trials

Description of included studies:

Ten systematic reviews were eligible and were critically appraised. Using the AMSTAR 2 tool, only one study (Gamper,
2016) was assessed to be of sufficient quality and the rest were of low to critically low quality (see Appendix 5). Five
primary RCTs (Annane 2007; Myburgh 2008; Levy 2011; Seguin 2002, Seguin 2006) that compared adrenaline
(epinephrine) to other vasopressors, included in the systematic review, were then further reviewed. One RCT which was
included in the systematic review (Levy 2011) enrolled participants with cardiogenic shock rather than septic shock, and
the population and disease differences in this indication may have important implications in the analysis and
interpretation of results. Therefore, we excluded this study in the meta-analysis to minimize the potential effect of
selection bias.

e Systematic review:

Gamper 2016: Systematic review of 28 RCTs (n=3497) that compared the effect of one vasopressor regimen (vasopressor
alone, or in combination) versus another vasopressor regimen on mortality amongst the critically ill with hypotensive shock.
Six vasopressors (alone or in combination) were studied in 12 different comparisons.

For adrenaline (epinephrine) compared with noradrenaline (norepinephrine), as monotherapy or combination therapy
(six RCTs; n=703 participants), 298 deaths were observed among the 703 participants (see Figure 1). No significant
difference was found in either comparison. Participants had septic shock (Annane 2007; Levy 1997; Seguin 2002; Seguin
2006), cardiogenic shock (Levy 2011) or were categorized as critically ill patients (Myburgh 2008).

For the comparison of noradrenaline (norepinephrine) and adrenaline (epinephrine) monotherapy, one moderately large
RCT of critically ill patients (n=269) showed a 90-day mortality rate of 380 per 1000 compared to 334 per 1000, respectively
with a RR 0.88 (0.63 to 1.25), graded as low certainty evidence as the effect is from a single RCT (Myburgh 2008)

The systematic review was assessed as high quality using the AMSTAR 2 tool (see Table 3 and Appendix 5).
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Table 3. AMSTAR 2 assessment of the systematic review by Gamper et al, 2016.

Systematic review Recommendation AMSTAR 2
appraisal
Gamper, 2016: Vasopressors for hypotensive | No differences in total mortality in any comparisons of different | High Quality
shock. Gamper G, Havel C, Arrich J, Losert H, Pace | vasopressors or combinations in any of the pre - defined analyses | Review. See
NL, Millner M, Herkner H. Vasopressors for | (evidence quality ranging from high to very low). Appendix 5.
hypotensive shock. Cochrane Database Syst Rev. | More arrhythmias were observed in participants treated with
2016 Feb 15;2(2):CD003709. dopamine than in those treated with norepinephrine (high-quality
evidence).
Authors suggest that major changes in clinical practice are not needed,
but that selection of vasopressors could be better individualised and
could be based on clinical variables reflecting hypoperfusion.
Analysis 2.1. Comparison 2 Epinephrine, Outcome 1 Total mortality.
Study or subgroup epinephrine Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
2.1.1 Epinephrine vs norepinephrine
Myburgh 2008 41/135 46/134 = B 100% 0.88[0.63,1.25]
Subtotal (95% CI) 135 134 - 100% 0.88[0.63,1.25]
Total events: 41 (epinephrine), 46 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.69(P=0.49)
2.1.2 Epinephrine vs norepinephrine + dobutamine
Levy 1997 9/15 8/15 —_— 9.42% 1.13[0.6,2.11]
Seguin 2002 4/11 5/11 3.61% 0.8[0.29,2.21]
Annane 2007 84/161 85/169 l 83.91% 1.04[0.84,1.28]
Levy 2011 5/15 4/15 3.06% 1.25[0.41,3.77)
Subtotal (95% CI) 202 210 L 2 100% 1.04[0.86,1.26]
Total events: 102 (epinephrine), 102 (Control)
Heterogeneity: Tau?=0; Chi’=0.42, df=3(P=0.94); I’=0%
Test for overall effect: Z=0.41(P=0.68)
2.1.3 Epinephrine vs norepinephrine + dopexamine
Seguin 2006 4/10 3/12 . 100% 1.6[0.46,5.53]
Subtotal (95% CI) 10 12 e — 100% 1.6[0.46,5.53]
Total events: 4 (epinephrine), 3 (Control)
Favours epinephrine 0.2 05 1 2 5 Favours control

Figure 1. Forest plot comparing epinephrine (adrenaline) to other vasopressors (alone or in combination) amongst critically ill patients
with hypotensive shock, including cardiogenic and septic shock (Gamper, 2016)

e Randomised controlled trials:

We further reviewed the primary RCTs that informed the Gamper et al. (2016) systematic review that included adrenaline
(epinephrine) as a study drug specifically for the management of septic shock. These RCTs were appraised using the
Cochrane risk of bias tool (RoB 2) (Higgins, 2019) to independently assess the risk of bias in duplicate (RM, TL) for each
outcome in the included studies, resolving any disagreements through discussion (See Figure 2 and Table 5).

Monotherapy

Adrenaline (epinephrine) vs noradrenaline (norepinephrine)

One double-blind RCT (Myburgh 2008) conducted at 4 Australian university hospital ICUs of critically ill, adult patients
(n=280) with an Acute Physiology and Chronic Health Evaluation Il (APACHE II) score of 22 at study entry who required
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vasopressors compared adrenaline (epinephrine) as monotherapy to noradrenaline (norepinephrine). Patients were
mostly elderly (mean age of 60 years) and presented with either septic shock (n=158) or acute respiratory failure (n=192)
randomized to either adrenaline (epinephrine) or noradrenaline (norepinephrine) to achieve a MAP 270 mmHg without
vasopressors as the primary outcome. Secondary outcomes included 28- and 90-day mortality.

Combination therapy

Adrenaline (epinephrine) vs noradrenaline (norepinephrine) + dobutamine

Three RCTs that compared adrenaline (epinephrine) with noradrenaline (norepinephrine) and dobutamine in septic shock,
were reviewed (Annane 2007, Levy 1997, Seguin 2002). Double blinding was conducted in one trial of 330 participants
(Annane 2007), but it is uncertain whether investigators, study participants or outcome assessors were blinded in two
trials (Levy 1997: n=30, Seguin 2002: n=22). Participants were predominantly male and elderly, with ages ranging from 44
to 83 years. In one trial, participants had a McCabe classification of class 0 (no fatal underlying disease at the time of
admission) (Annane 2007) and in the trial by Levy et al., the mean APACHE Il scores were 23 and 24 between the two
respective treatment groups (Levy 1997). All trials reported on mortality, which was a primary outcome in one RCT
(Annane 2007). Primary endpoints for one RCT (Levy 1997) was hemodynamic measures (also measured in the other RCTs)
and another RCT was gastric mucosal blood flow (Seguin 2002). Additional outcomes included time to MAP stabilisation
(MAP 70 to 80 mmHg), hepatic function and adverse events (including arrythmias and lactate concentrations).

Adrenaline (epinephrine) vs noradrenaline (norepinephrine) + dopexamine

One open-label RCT (n=22) compared adrenaline (epinephrine) to noradrenaline (norepinephrine) with dopexamine
combination therapy (Seguin 2006) on gastric mucosal blood flow (GMBF). Mortality rates and haemodynamic parameters
(including heart rate, arterial pressures, pulmonary capillary wedge pressure, cardiac output, and others) were also
assessed. GMBF and other haemodynamic parameters were measured at various time points: before vasopressor
administration, once MAP target had been obtained, 2 hours after attainment of target MAP, and 6 hours after attainment
of target MAP. Participants, mostly male, had a mean age of 67 years and 65 years in the respective study arms, with
Simplified Acute Physiology Score Il (SAPS Il) scores of 8 and 9, respectively. Treatment was titrated to maintain a MAP
between 70 and 80 mmHg and the time to target MAP was measured.

QUALITY ASSESMENT
Amstar 2 assessment

The quality of nine systematic reviews, critically appraised using the AMSTAR 2 tool, were assessed to be of low to critically
low quality (see Appendix 4) for the following reasons. There was no explicit statement that the review methods were
established a prior or justification for major protocol deviations in four review reports (Cheng 2019, Avni 2015, Zhou 2015,
Chen 2019). Ruslan et al did not use a comprehensive literature search strategy (Ruslan 2019). List of excluded studies with
the rationale for exclusion was omitted in eight review reports (Oba 2015, Nagendran 2016, Cheng 2019, Raslan 2021, Cheng
2019, Avni 2015, Zhou 2015, Chen 2019). Statistical methods for meta-analysing data were inappropriate in one review (Chen
2019). In six review reports, review authors did not account for RoB in individual RCTs when interpreting/ discussing the
results of the review (Cheng 2019, Ruslan 2019, Avni 2015, Zhou 2015, Chen 2019, Jiang 2019). And, lastly, for quantitative
synthesis, review authors had not carried out adequate investigation of publication bias (small study bias) and had not
discussed its likely impact on the results of the review in three reports (Oba 2015, Nagendran 2016, Zhou 2015).

Only one study (Gamper, 2016) was appraised to be of sufficient quality and five primary RCTs that informed the Gamper
et al (2016) systematic review that included adrenaline (epinephrine) as a study drug specifically for the management of
septic shock was quality assessed using the Cochrane ROB 2 tool.

ROB 2 assessment

We assessed the following domains of risk of bias by using the RoB 2 tool for various outcomes (See Figure 2).

Bias arising from the randomisation process
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We judged three RCTs as low risk of bias for this domain, as randomisation was performed using a computer-generated
list (Annane 2007, Myburgh 2008, Seguin 2006). Two trials did not adequately report allocation concealment (Levy 1997,
Seguin 2002).

Bias arising from deviation from the intended interventions

Three RCTs were double blinded (Annane 2007, Myburgh 2008, Seguin 2002). However, only two were judged as low risk
as adrenaline-associated lactic acidosis arm may have informed treatment allocation in the trial conducted by Myburgh
et al (Myburgh 2008). One trial (Seguin 2006) was open label, whilst three RCTs did not provide adequate information to
judge for selection bias (Levy 1997, Seguin 2002, Seguin 2006). Appropriate intention-to-treat analyses were performed
to estimate the effect of assignment to intervention in only two RCTs (Annane 2007, Myburgh 2008), and no information
was provided for the other three RCTs (Levy 1997, Seguin 2002, Seguin 2006).

Study ID Experimental Comparator Qutcome D5  Owerall
Myburgh 2008 Noradrenaline Adrenaline Mortality . Low risk

!  Some concerns

. High risk

Annane 2007 Noradrenaline + dobutamine  Adrenaline Mortality

Levy 1997 Noradrenaline + dobutamine  Adrenaline Mortality

Seguin 2002 Noradrenaline + dobutamine Adrenaline Mortality
Seguin 2006  Noradrenaline + dopexamine Adrenaline Mortality

Myburgh 2008 Noradrenaline Adrenaline Time to MAP goal (24h withoutvasopressor use)

00 -000 -

Seguin 2002  Noradrenaline + dobutamine Adrenaline Time to MAP stabilisation (MAP 70-80 mmHg)
Seguin 2006  Noradrenaline + dopexamine Adrenaline Time to MAP stabilisation (MAP 70-80 mmHg)
Myburgh 2008 Noradrenaline Adrenaline Vasopressor free days until day 90

Annane 2007 Noradrenaline + dobutamine Adrenaline Vasopressor free days until day 90

Myburgh 2008 Noradrenaline Adrenaline Arrhythmias (any type)

Annane 2007 Noradrenaline + dobutamine Adrenaline Arrhythmias (any type)

-®-0 - -
00000000000-0000

Levy 1997 Noradrenaline + dobutamine Adrenaline Arrhythmias (any type)

Myburgh 2008 Noradrenaline Adrenaline Lactate concentrations

-9-00000-00- -00:
:

Levy 1997 Noradrenaline + dobutamine Adrenaline Lactate concentrations

- 000000000 - 000006

Seguin 2002 Noradrenaline + dobutamine Adrenaline Lactate concentrations

0000009000000 00 0=
=3

D1 Randomisation process

D2 Deviations from the intended interventions
D3 Missing outcome data

D4 Measurement of the outcome

D5 Selection of the reported result

Figure 2: Methodological quality summary - review authors' judgements for each outcome per included study

Bias due to missing outcome data

For most outcomes, it was not reported whether outcome data were available for all, or nearly all participants who
underwent randomisation. Only Annane et al. reported on availability of outcome data for all outcomes (Annane 2007).
Mortality is an observer-reported outcome not involving judgement, assessed as low risk except for RCT by Myburgh et
al. as there is uncertainty of the time when patients were switched from adrenaline to open-label noradrenaline due to
adrenaline-associated lactic acidosis (Myburgh 2008).
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Bias in measurement of the outcome

For mortality, we judged all trials as low risk of bias for this domain. For the other outcomes, one trial was open-label
(Seguin 2006) and in another two trials there was insufficient information to judge blinding in another (Levy 1997, Seguin
2002). We judged that outcome assessors in one “double-blinded” RCT (Myburgh 2008) were probably aware that
adrenaline was received by study participants due to clinically evaluated adrenaline-associated lactic acidosis that caused
clinicians to withdraw participants from the adrenaline group, with subsequent receipt of open-labelled noradrenaline.
Some concerns were also noted with the Seguin et al trials, as there was no clear definition of MAP stabilisation (Seguin
2002, Seguin 2006).

Bias due to selection of the reported result
Only one trial had a protocol registered in a trial registry (Annane 2007). Published protocols, detailing pre-specified
outcome(s), and statistical analysis plans were not available for the other four trials.

OUTCOMES
Effectiveness:

e Mortality (Day 28) — overall (mono- and combination therapy)

Noradrenaline (norepinephrine), with/without other catecholamines, probably does not increase/reduce mortality
compared to adrenaline (epinephrine), in septic shock — evidence assessed as low certainty due to serious risk of bias and
concerns of blinding of investigators and assessors (refer to Table 4: GRADE summary of findings).

Mortality was assessed at an undetermined time point in two RCTs (Levy 1997, Seguin 2002), so we assumed this to be
at 28-days, based on other studies with similar study designs involving the same authors (Levy 2011, Seguin 2006). Levy
2011 (performed in participants with cardiogenic shock rather than septic shock) was excluded and five studies were
meta-analysed (Levy 1997; Seguin 2002; Seguin 2006; Annane 2007; Myburgh 2008; See
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Table 6). Adrenaline (epinephrine) was shown to be comparable to noradrenaline (norepinephrine)
monotherapy/combination therapy (with another catecholamine vasopressor), 124/271 (45.8%) vs 131/289 (45.3%), with
a relative risk (RR) of 0.99 (95% CI 0.83 to 1.18; I> = 0%; Figure 3) and an absolute difference of 5 fewer deaths per 1000
patients treated (from 78 fewer to 82 more).

Noradrenaline Adrenaline Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Adrenaline vs noradrenaline monotherapy
hyburgh 2008 a0 a2 23 74 16.0% 1.18[0.76,1.83] e
Subtotal (95% CI) a2 74  16.0% 1.18 [0.76, 1.83] L 2
Total events 30 23

Heterogeneity; Mot applicable
Testfor overall effect Z=0.72 (P =0.47)

1.1.2 Adrenaline vs noradrenaline + dobutamine

Lewy 1997 a 14 ] 14 2.0% 0.89[0.47, 1.67] 1T
Annane 2007 a4 169 24 161 F0.49% 096 [0.78,1.19]

Seguin 2002 a 11 ) 11 31% 1.25[0.45, 3.45]

Subtotal (95% CI) 1495 187  81.9% 0.97 [0.79,1.17]

Total events 93 a7

Heterogeneity: Tau®= 0.00; Chi®*= 032, df= 2 {(F=0.85); F=0%
Testfor overall effect: =035 (FP=0.73)

1.1.3 Adrenaline vs noradrenaline + dopexamine

Seguin 2006 3 12 4 10 2.0% 0.63[0.18, 2.16] R
Subtotal (95% CI) 12 10 2.0% 0.63 [0.18, 2.16] —t——
Total events 3 4

Heterogeneity: Mot applicable

Testfor overall effect: Z=0.74 (P =0.48)

Total (95% CI) 289 271 100.0% 0.99 [0.83, 1.18] L ]

Total events 13 124

?etﬂugenemrl:lT?ru tz-gfmu;fghlpzjﬁsaué df=4 (FP=083,F=0% 'IZI.E|1 DH 1'|Z| 100
BsLTOr averall 8 E':_' =013 o ) Favours noradrenaline Favours adrenaline

Testfor subgroup differences: Chi*=118 dfi= 2 (P =046, F=0%

Figure 3. Forest plot comparing adrenaline vs noradrenaline monotherapy or noradrenaline-dopamine derivative (dobutamine or
dopexamine) combination therapy in septic shock, for the outcome: mortality.

e Mortality - monotherapy

There is probably no difference in mortality between noradrenaline (norepinephrine) [30/82 (36.6%)] compared to
adrenaline (epinephrine) [23/74 (31.1%)] RR 1.18 95% CI 0.76 to 1.83 (Figure 4). However, 22 patients (12.9%) were
withdrawn from their blinded treatment allocation (either adrenaline or noradrenaline) to open-label noradrenaline
(norepinephrine) due to associated adverse effects of transient increase in lactate concentrations and heart rate.

Noradrenaline Adrenaline Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% ClI
Myburgh 2008 l1] az 23 T4 118[0.76,1.83] 2008 L
0.01 0.1 10 100
Favours noradrenaline Favours adrenaline

Figure 4. Forest plot comparing adrenaline to noradrenaline in septic shock, for the outcome: mortality.

e Mortality - combination therapy
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Similarly, there was no mortality difference for noradrenaline (norepinephrine) with dopamine derivative (dobutamine or
dopexamine) combination therapy [101/207 (48.8%) compared to adrenaline (epinephrine) monotherapy [101/197
(51.3%)] ,RR 0.96 (95% CI 0.79 to 1.16; I>=0%; Figure 5).

Noradrenaline Adrenaline Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
3.1.1 Adrenaline vs noradrenaline + dobutamine
Lewy 1997 a 15 ] 15 95% 0.89[0.47, 167 T
Annane 2007 a4 169 24 161 84.4% 096 [0.78,1.19]
Seguin 2002 4 11 4 11 36% 1.25[0.45, 3.449]
Subtotal (95% Cl) 1495 187  97.6% 0.97 [0.79,1.147]
Total events a8 a7

Heterogeneity; Tau®=0.00; Chi®*= 032, df= 2 (F=0.88); F=0%
Testfor overall effect Z=0358(P=0.73)

3.1.2 Adrenaline vs noradrenaline + dopexamine

Seguin 2006 3 12 ) 10 2.4% 0.63[0.18, 2.16] -1

Subtotal (95% CI) 12 10 24% 0.63 [0.18, 2.16] ~il—

Total events 3 4

Heterogeneity: Mot applicahle

Testfor overall effect: Z=0.74 (P = 0.48)

Total (95% CI) 207 197 100.0% 0.96 [0.79, 1.16] &

Total events 101 101

?et?;ogenemrl:lT?ru :anu;fahlpz—Dﬁ?aaé df=3(P=085);,F=0% 'IZI.D1 IZIH 1'IZI 1IZIIZI'
estfor overall effect 2= 0.46 (P = 0.63) Favours noradrenaline Favours adrenaline

Testfor subdroup differences: Chi*= 046, df=1 (P =050, F=0%
Figure 5. Forest plot comparing adrenaline to noradrenaline + dopamine derivative in septic shock, for the outcome: mortality.

o Time to MAP goal (24h without vasopressor use)

Noradrenaline (with/without other catecholamines) may reduce/have little to no effect on time to mean arterial pressure
goal (24 hours without vasopressor use) but the evidence is very uncertain — assessed as very low certainty due to possible
attrition and for serious imprecision in this sub analysis (Table 4). In the Myburgh et al (2008) trial, a priori severe sepsis
subgroup at baseline (158/277), there was no difference in the median time to achieve target MAP between adrenaline
(epinephrine) (35.1 h; IQR 16.7 to 75 h; n=76) and noradrenaline (norepinephrine) — 50.0 h(IQR 18.2 to 127.5 h; n=82),
with a hazards ratio (HR) of 0.81; 95% ClI 0.59 to 1.12; p= 0.18). Based on a probability of 63.9% to achieve the MAP goal
by 48 hours with adrenaline (epinephrine), 77 per 1000 fewer patients (from 187 fewer to 82 more) would reach the MAP
goal when treated with noradrenaline (norepinephrine) compared to adrenaline (epinephrine) — refer to Kaplan-Meier
plot for all critically ill patients in Figure 6.

1.00

0.75

7 — Epinephrine

[ -- Morepinephrine
!
0.50 i

Probabilty

0.25

p=0.26

0.00 T T T T T T T 1
0 100 200 300 400 500 600 700 800

Hours

Figure 6. Kaplan-Meier estimates for probability of achieving MAP - adrenaline (epinephrine) vs noradrenaline (norepinephrine) in
critically ill adults

¢ Time to MAP stabilisation:
Noradrenaline (with/without other catecholamines) may increase/have little to no effect on time to MAP stabilisation
(MAP 70 to 80 mmHg) but the evidence is very uncertain, MD 7.17 minutes (95% Cl -16.74 to 31.08; Figure 7). Evidence
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was judged as very low certainty due to serious risk of measurement bias, inconsistency as uncertainty and very serious
imprecision (Table 4).

Noradrenaline Adrenaline Mean Difference Mean Difference
Study or Subgroup  Mean [Minutes] SD [Minutes] Total Mean [Minutes] SD [Minutes] Total Weight IV, Random, 95% Cl Year IV, Random, 95% Cl
3.3.1 Adrenaline vs Noradrenaline+Dobutamine
Seguin 2002 86 36 11 81 40 11 565% 5.00[26.80,36.80] 2002
Subtotal (95% Cl) 11 11 56.5% 5.00 [-26.80, 36.80]

Heterogeneity: Mot applicahle
Testforoverall effect Z=0.31 (F=0.76)

3.3.2 Adrenaline vs Noradrenaline+Dopexamine

Seguin 2006 70 59.3 12 60 222 10 435% 10.00[26.26,46.26] 2006
Subtotal (95% Cl) 12 10 43.5% 10.00 [-26.26, 46.26]
Heterogeneity: Mot applicahle
Testfor overall effect Z=0.54 (F = 0.59)
Total (95% Cl) 23 21 100.0% 7.17 [-16.74, 31.08]
ity: Tau?= JChiF= = = R= I t 1 t |
?et?;ogenemrl.lT?ru t—.ZD._D%,5(39h|F'—_DD.054(é df=1(P=084) F=0% oo 20 b 50 100
estfor averall effect Z=0.59 (P = 0.56) Favours noradrenaline Favours adrenaline

Testfor subgroup differences: Chi*=0.04, df=1(P=0.84) F=0%
Figure 7. Forest plot comparing adrenaline vs noradrenaline + dopamine derivative in septic shock, for the outcome: Time to MAP

stabilisation (70 to 80 mmHg) [minutes].

e Vasopressor free days (Day 28)

Noradrenaline (with/without other catecholamines) may reduce/have little to no effect on vasopressor free days (from
beginning of treatment to 28 days post treatment initiation) compared to adrenaline (epinephrine), MD of -0.05, 95% CI -
4.07 to 3.96; 1°=63% (Figure 8), but there was very low certainty of evidence due to serious imprecision, possible attrition

and inconsistent comparators.

Noradrenaline Adrenaline Mean Difference Mean Difference
Study or Subgroup  Mean [days] SD [days] Total Mean [days] SD [days] Total Weight IV, Random, 95% Cl Year IV, Random, 85% CI
1.2.1 Adrenaline vs Noradrenaline monotherapy
hyburgh 2008 242 13.83 g2 26.3 7.48 7B 801%  -210[5.451.25 2008 — T
Subtotal (95% CI) 82 76  50.1%  -2.10 [-5.55, 1.35] el

Heterogeneity: Mot applicable
Testfor overall effect Z2=119 (P =0.23)

1.2.2 Adrenaline vs Noradrenaline + dobutamine

Annane 2007 22 14.07 169 20 17.78 161 49.9% 2.00[1.47, 547 2007 —
Subtotal (95% CI) 169 161  49.9% 2

Heterogeneity: Mot applicakle

Testfor overall effect: Z=1.13 (P = 0.26)

Total (95% CI) 251 237 100.0%  -0.05 [4.07, 3.96] ‘*‘

Heterogeneity: Tau®= 528, Chi*= 268, df=1 (P=010), F=63% } ! 1 1 1
Testfi Il effect Z=0.03 (P = 0.98 -10 -5 v 5 10

estinroverall effiect. 2= 1. ( e ) Favours noradrenaline Favours adrenaline
Testfor subgroup differences: Chif= 269 df=1(P=010), F=62.9%

Figure 8: Forest plot comparing adrenaline vs noradrenaline in septic shock, for outcome: vasopressor free days (Day 28)
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Safety:

e Lactate concentrations

Noradrenaline (norepinephrine), with/without other catecholamines, may not reduce the mean change in lactate
concentration, compared to adrenaline (epinephrine). Certainty of evidence was downgraded to very low certainty due to
serious imprecision and very serious risk of bias (Table 4). Two studies (Levy 1997 and Seguin 2002) assessed arterial lactate
concentrations during treatment and reported data suitable for inclusion in a meta-analysis. Including 52 patients, the mean
difference between the intervention and control groups was -0.16 mmol/L (95% Cl -1.14 to 0.82; 1>=4%; Figure 9) between
the epinephrine monotherapy and the norepinephrine+dobutamine combination therapy groups, which is considered to be
clinically insiginificant.

Noradrenaline Adrenaline Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% Cl
3.2.1 Adrenaline vs noradrenaline + dobutamine
Lewy 1997 4.3 1.45 15 422 144 15 B1.1% 0.08[-0.96,1.12] 19497
Seguin 2002 -0.3 3N 11 09 214 11 18.8% -1.20[3.43,1.03] 2002
Subtotal (95% CI) 26 26 100.0%  -0.16[-1.14,0.82]

Heterageneity, Tau®= 0.03; Chi*=1.04, df=1{F=0.31), F=4%
Testfor averall effect Z=0.32 (P =079

Total {95% CI) 26 26 100.0% 016 [1.14,0.82]
Heterogeneity, Tau®= 0.03; Chi*=1.04, df=1{F=0.31); F= 4% f 1 1 I t

Testt Il effect Z= 0.3 (F = 0.75 -10 -4 0 3 10
estfor overall effect Z=0.32 (P=0.75) Favours noradrenaline Favours adrenaline

Testfor subgroup differences: Mot applicable
Figure 9. Forest plot comparing adrenaline vs noradrenaline+dobutamine combination in septic shock, on arterial lactate concentrations

after 24 hours

e Arrhythmias (any type)

Noradrenaline (with/without other catecholamines) may not reduce arrhythmias (any type), certainty of evidence assessed
as very low due to attrition and very serious imprecision (Table 4). Two trials (Levy 1997, Annane 2007) reported on
arrhythmias, with no arrythmias reported in either treatment group by Levy et al. (1997), whilst Annane et al. (2007) reported
no difference in supra- or ventricular-tachyarrhythmias between the adrenaline (epinephrine) [31/176 (17.6%)] vs
noradrenaline (norepinephrine) + dobutamine combination treatment group [30/184 (16.3%)], RR 0.92 (95% CI 0.59 to 1.45),
absolute difference of 14 patients with arrhythmias per 1000 patients treated (from 72 fewer to 79 more; Figure 10).

Noradrenaline Adrenaline Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Lewy 1997 0 14 0 14 Mot estimahble
Annane 2007 an 169 H 161 100.0% 0.92 [0.59, 1.44]
Total (95% CI) 184 176 100.0% 0.92 [0.59, 1.45]
Total events an H
Heterageneity; Mot applicable | ; . ; !
o _ 0.o1 0.1 1 10 100
Testfor overall effect: 2= 0.35 (P = 0.73) Favours Moradrenaline Favours Adrenaline

Figure 10. Forest plot of adrenaline compared to noradrenaline + dopamine derivative in septic shock, for the outcome: Arrhythmias.
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Table 4. GRADE Summary of findings: Noradrenaline (with/without other catecholamines) compared to adrenaline for septic shock

Patient or population: Septic shock
Setting: Hospital

Intervention: Noradrenaline (with/without other catecholamines)
Comparison: Adrenaline

Anticipated absolute effects (95% CI)

Outcome .
Ne of participants Rela;)t;/e gmifect Without Noradrenaline ~ With Noradrenaline Certainty What happens
(studies) (95% CI) (with/without other (with/without other Difference
catecholamines) catecholamines)
Mortality 0 0 Noradrenaline (with/without other
follow-up: 28 days 0 ggtgﬁ 8) 45.8% (3485t.c? é’4) (7.8 fg\;vsef. tge;v grmore) EBE?) v(v?bo catecholamines) probably does not
n =560 (5 RCTs) ' ' ' ' increase/reduce mortality.
Time to mean arterial pressure goal HR 0.81 Moderate Noradrenalipe (with/without . other
(24 hours without vasopressor use) (05910 1.12) o000 catecholamines) may reduce/have little to no
(Time to MAP goal) [Time to mean arterial B 56.2% 7.7% fewer Very lows¢ effect on time to mean arterial pressure gqal (24
n =158 (1 RCT) pressure goal (24 hours 0 (45.210 68.1) (18.7 fewer to 4.2 more) hours without vasopressor use) but the evidence
without vasopressor use)] is very uncertain.

Time to MAP stabilisation ) Noradrenaline (with/without other
(MAP 70 to 80 mmHg) s-,rtggilrigz;gr:"(nl\/‘le Atg '\%\E i R 6l\44D le\:/(:rrg)og? 08 @&OQOQ  catecholamines) may increase/have little to no
assessed with: minutes 80 mmHg) was 0 ' more) ' Very lowefs  effect on time to MAP stabilisation (MAP 70 to 80

n =44 (2RCTs) 9 mmHg) but the evidence is very uncertain.
The mean vasopressor MD 0.05 fewer Noradrenaline (with/without other
Vasopressor free days (28 days) free days (28 daps) was i (.07 féwer 0396 ®@OOQ  catecholamines) may reduce/have little to no
n =488 (2 RCTs) y 0 y ' more) ' Very lowbeh  effect on vasopressor free days (28 days) but the

evidence is very uncertain.

: Noradrenaline (with/without other

Arrhythmias (any type) RR 0.92 . 16.2% 1.4% fewer e0O00 : -
h = 360 (2 RCT) (0.59 to 1.45) 17.6% (10.4 0 25.5) (7.2 fewer to 7.9 more) Very lowss f;ég;:holammes) may not reduce arrhythmias (any
Mean change in lactate concentration The mean change in MD 0.16 mmol/l fewer o000 Noradrenaline (with/without other
assessed with: mmol/| lactate concentration - (1.14 fewer to 0.82 Lowb catecholamines) may not reduce mean change in

n =52 (2RCTs) was 0 mmol/l more) lactate concentration.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
Cl: confidence interval; HR: hazard Ratio; MD: mean difference; n: sample size; RR: risk ratio
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GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility
that it is substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

Explanations

a. Downgraded by one level for serious risk of bias as one trial was open-label (Seguin 2006) and compromised blinding due to adrenaline-specific lactic acidosis toxicity in another trial (Myburgh 2008).
b. Downgraded by one level for serious imprecision as the Cl includes appreciable benefit and harm.

c. Downgraded by one level for serious risk of bias due to possible attrition (Myburgh 2008).

d. Downgraded by one level for serious imprecision as OIS criterion in sub-analysis not met.

e. Downgraded by one level for serious risk of measurement bias.

f. Downgraded by one level for serious inconsistency as uncertainty regarding the definition of MAP stabilisation.

g. Downgraded by two levels for very serious imprecision as few events and the Cl includes appreciable benefit and harm.

h. Downgraded by one level for serious inconsistency due to different comparators (Annane 2007, Myburgh 2008).

i. Downgraded by one level for serious risk of bias as insufficient information to assess selection and measurement risk (Levy 1997, Seguin 2002).

d. Planned or ongoing clinical trials
A search was conducted on Clinical Trials and WHO ICTRP databases, and we identified no planned or ongoing trials relevant to the PICO of this review.
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7.

Conclusion:
Our review showed that there is little difference in the effectiveness and safety of noradrenaline (norepinephrine) and
adrenaline (epinephrine) for managing septic shock. The latest Surviving Sepsis guidelines recommend noradrenaline
(norepinephrine) as first-line therapy, but the evidence cited to support this recommendation is limited and suggests little
difference between the two agents (Evans 2021). Our review found that the risk of mortality and the time required to
stabilize blood pressure without vasopressors were similar for both agents, although the certainty of the evidence was
low or very low.

While adrenaline (epinephrine) has been associated with a potentially higher risk of adverse outcomes, such as
arrhythmias, tachycardia, and elevated lactate concentrations, our review found that these risks were similar for both
agents. It has been suggested that increased lactate concentrations may be an indicator of increased tissue hypoxia and
anaerobic metabolism, but this did not translate to an increase in adverse clinical outcomes in the studies included in this
review and meta-analysis. While it is possible that adrenaline (epinephrine) may be associated with elevated lactate
concentrations, these changes are likely transient as was shown in one RCT (Myburgh, 2008) and may not negatively
impact clinical outcomes (Belletti, 2021). Clinicians should be aware of this potential adverse effect when monitoring
patients' clinical progress using blood gas investigations such as arterial blood pH and lactate concentrations.

Thus, it could be inferred that noradrenaline (norepinephrine) can safely be used as an alternative to adrenaline
(epinephrine) but may not be affordable. A direct comparison of per-milligram drug prices suggest a seven to twenty fold
increase in treatment costs with noradrenaline compared with adrenaline. Therefore, the choice of vasopressor therapy
will most likely depend on cost, feasibility, and availability.

In conclusion, this review found that adrenaline (epinephrine) monotherapy is associated with similar clinical outcomes
as noradrenaline (norepinephrine) used as monotherapy or in combination with other vasopressors.
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Table 5. Characteristics of included studies

to other vasopr
or in combinatio

essors (alone
n)

N=703; epinephrine comparisons,
(compared  with  norepinephrine,
norepinephrine + dobutamine and
norepinephrine + dopexamine)
Participants with septic shock (Annane
2007; Levy 1997; Seguin 2002; Seguin
2006), participants with cardiogenic
shock (Levy 2011) and critically ill
participants (Myburgh 2008).

Norepinephrine;
Norepinephrine + dobutamine; and
Norepinephrine + dopexamine

AUTHOR, TYPE OF STUDY POPULATION (N) INTERVENTION(S) vs | OUTCOMES COMMENTS

DATE COMPARATOR(S)

A: SYSTEMATIC REVIEW

Gamper, Systematic review of 28 RCTs N=3497; critically ill patients with | Epinephrine Overall/Total mortality o Systematic review of high

2016 hypotensive shock quality (High AMSTAR
6 RCTs compared epinephrine Vs

rating — see Appendix
4,

Systematic review
reviewed all vasopressors
alone or in combination,
and only 6 of the 28 RCTs
were eligible for review
(PICO criteria)

Population included all
critically ill patients with
hypotensive shock — this
review focuses
specifically on patients
with septic shock

B: RANDOMISED CONTROLLED

TRIALS

Epinephrine vs norepinephrine

Myburgh Multi-centre

2008

Funding for stati

provided substa

double-blind

randomized controlled trial, 4
multi-disciplinary
hospital ICUs; Australia

university

stical analysis

of this study from the
Australian and New Zealand
College of  Anaesthetists
(Project  grant:  06/024).
Financial contribution from

participating institutions that

ntial support

from internal funds Conflict of
interest: none declared

N=280

Adult ICU participants requiring
vasopressors for any reason

Subgroup analysis: septic shock,

circulatory failure
Mean age = 60 years
39% female

APACHE Il score = 22

Switch from the vasopressor at
inclusion to :

Epinephrine (no dosing scheme
reported)

Or

Norepinephrine (no dosing
scheme reported)

no restriction on other

vasopressors except study drugs

e To achieve MAP > 70 mm Hg (or

individualized by treating
physicians)

e Time to achieve MAP goal

e Drug-free days from

randomization (primary)
o Mortality at days 28, 90

e For the mortality analysis:

used data on 90-day
mortality

e Risk of bias assessment —
see figure 2

Epinephrine vs norepinephrine + dobutamine

Annane, Multi-centre

2007

double-blind

randomized controlled trial in
19 ICUs (CATS study); France

n=330

Adult participants with septic shock
(study authors' definition)

Epinephrine infusion 0.2 pg/kg/min
(n=161)

Vs

e 28-day mortality (primary); 7-,
14-, 90-day ICU

o Hospital mortality

e Duration of vasopressor therapy

e For the mortality analysis,
90-day mortality was
used.
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AUTHOR, TYPE OF STUDY POPULATION (N) INTERVENTION(S) vs | OUTCOMES COMMENTS
DATE COMPARATOR(S)
Funding: The French Ministry e Time to haemodynamic success e Risk of bias assessment —
of Health provided financial | Mean age = 63 years, 39% female Norepinephrine  infusion 0.2 | e Adverse events see figure 2
support (1997 Clinical pg/kg/min  and dobutamine 5
Research Hospital Programme | SAPS Il score = 53, SOFA score =11 pg/kg/min (N = 169)
PHRC 1997, AOM 97123)
Both adjusted according to MAP,
Declarations of interest: None pulmonary arterial wedge
reported pressure, cardiac index and
response to fluid challenge
Levy, 1997 Single-centre randomized | n=30 Epinephrine and norepinephrine | o Mortality e Risk of bias assessment —
controlled trial, University started at 0.3mg/kg per min and | e Haemodynamics see figure 2
hospital; France Mean age = 54 years (Epinephrine | titrated to MAP >80 mmHg e Tonometry e Reporting error  for
group); 56 years arterial pH at 24 hours
Funding: Supported by | (Norepinephrine/dobutamine group) Dobutamine was infused at a fixed between groups found.
“Commi-tee of Clinical dose of 5 pug/kg/min No correction available
Research of Nancy Universi-ty | Predominantly pulmonary infection on journal article
Hospital” and by a grant of webpage.
Lilly France(Saint-Cloud, | APACHE Il score: epinephrine group =
France) 23; Norepinephrine/dobutamine
group =24
Declarations of interest: Not
declared Adult surgical and medical participants
with septic shock
Seguin Single-centre randomized | n=22 Goal-directed epinephrine e Death e For the mortality analysis:
2002 controlled trial, University used data on
hospital; France Adult participants with septic shock; | vs undetermined mortality
unclear whether medical or surgical e |t is unclear when
Funding: Not reported norepinephrine + fixed participants died

Declarations of interest: Not
reported

dobutamine (5 mcg/kg/min)

Risk of bias assessment —
see figure 2

Epinephrine vs norepinephrine + dopexamine

Seguin Single-centre randomized | n=22 Norepinephrine (NE) infusion 0.2 | e Primary: Gastromucosal blood | e Forthe mortality analysis,
2006 controlled trial, University mcg/kg/min flow 90-day mortality was
hospital; France Adult participants with septic shock | plus e Haemodynamics used.
(study authors' definition) Dopexamine (DX) infusion 0.5 | e 28-day mortality e Risk of bias assessment —
Funding: Supported by Grant mcg/kg/min e 90-day mortality see figure 2
from Rennes University | Mean age = 66 years, 23% female e If cardiac index > 3 L/kg/min, NE
Hospital and Rennes 1 increased by 0.2 mcg/kg/min
University, 2001  Clinical | SAPS Il score =54 every 3 minutes until MAP 70 to
SOFA score = 10 80 mmHg
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AUTHOR, TYPE OF STUDY POPULATION (N) INTERVENTION(S) vs | OUTCOMES COMMENTS
DATE COMPARATOR(S)
Research Program, Rennes, e If cardiac index < 3 L/kg/min, DX
France increased by 0.5 mcg/kg/min
every 3 minutes until MAP 70 to
Declarations of interest: Not 80 mmHg
reported
Vs
Epinephrine infusion 0.2
mcg/kg/min. Increased by 0.2
mcg/kg/min every 3 minutes until
MAP 70 to 80mm Hg
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Table 6. Excluded studies

Author, date Title Study type Reason for
exclusion
1 Zhao, 2012 Dopamine versus norepinephrine for septic shock: A systemic review. Systematic Review Wrong comparator
2 Zhou, 2014 Clinical trials comparing norepinephrine with vasopressin in patients with septic shock: a meta-analysis. Systematic Review Wrong comparator
3 Lu, 2021 Norepinephrine was superior in death risk reducing and hemodynamics compared to dopamine in treatment of patients with septic shock Systematic Review Wrong comparator
4 Yao, 2020 Clinical Efficiency of Vasopressin or Its Analogs in Comparison With Catecholamines Alone on Patients With Septic Shock: A Systematic | Systematic Review Wrong comparator
Review and Meta-Analysis.
5 Kochkin, 2020 Modern vasopressor therapy of septic shock (Review) Systematic Review Wrong study design
6 Gordon, 2021 A meta-analysis of early administration of vasopressor in septic shock: Is there mortality benefit? Systematic Review Wrong comparator
7 Soong, 2011 Vasopressin and terlipressin in the treatment of vasodilatory septic shock: A systematic review Systematic Review Wrong comparator
8 Belletti, 2015 The Effect of inotropes and vasopressors on mortality: a meta-analysis of randomized clinical trials. Systematic Review Wrong comparator
9 Tan, 2016 Vasopressin and its analog terlipressin versus norepinephrine in the treatment of septic shock: A meta-analysis. Systematic Review Wrong comparator
10 Yin, 2018 Efficacy of norepinephrine, dopamine or vasopressor in the management of septic shock and severe sepsis: A meta-analysis. Systematic Review Wrong comparator
11 Serpa Neto, 2012 | Vasopressin and terlipressin in adult vasodilatory shock: a systematic review and meta-analysis of nine randomized controlled trials. Systematic Review Wrong comparator
12 Vasu, 2012 Norepinephrine or dopamine for septic shock: systematic review of randomized clinical trials. Systematic Review Wrong comparator
13 Teja, 2020 Vasopressor Dosing in Septic Shock Clinical Trials: A Systematic Review and Ecologic Study. Systematic Review Wrong outcomes
14 Roumpf, 2019 Does the Addition of Vasopressin to Catecholamine Vasopressors Affect Outcomes in Patients With Distributive Shock? Systematic Review Wrong comparator
15 Nagendran, 2019 | Vasopressin in septic shock: an individual patient data meta-analysis of randomised controlled frials. Systematic Review Wrong comparator
16 Sedhai, 2022 Vasopressin versus norepinephrine as the first-line vasopressor in septic shock: A systematic review and meta-analysis. Systematic Review Wrong comparator
17 Rudis, 1996 Is it time to reposition vasopressors and inotropes in sepsis? Pooled data analysis Wrong study design
18 Li, 2020 Effect of terlipressin on prognosis of adult septic shock patients: a Meta-analysis Systematic Review Wrong intervention
19 Zhou, 2013 Effectiveness of norepinephrine versus dopamine for septic shock: a meta analysis Systematic Review Wrong comparator
20 Zhu, 2019 Terlipressin for septic shock patients: a meta-analysis of randomized controlled study. Systematic Review Wrong intervention
21 Morelli, 2008a Effects of short-term simultaneous infusion of dobutamine and terlipressin in patients with septic shock: the DOBUPRESS study RCT in Gamper, 2016 Wrong intervention
22 Morelli, 2008b Phenylephrine versus norepinephrine for initial hemodynamic support of patients with septic shock: a randomized, controlled trial. RCT in Gamper, 2016 Wrong intervention
23 Morelli 2009 Continuous terlipressin versus vasopressin infusion in septic shock (TERLIVAP): a randomized, controlled pilot study. RCT in Gamper, 2016 Wrong intervention
24 Svoboda 2012 Terlipressin in the treatment of late phase catecholamine-resistant septic shock. Hepato-Gastroenterology RCT in Gamper, 2016 Wrong intervention
25 Yildizdas 2008 Terlipressin as a rescue therapy for catecholamine-resistant septic shock in children. Intensive Care Medicine RCT in Gamper, 2016 Wrong intervention
26 Hajjar 2019 Vasopressin Versus Norepinephrine for the Management of Septic Shock in Cancer Patients: the VANCS Il Randomized Clinical Trial RCT Wrong comparator
27 Permpikul 2017 Early norepinephrine administration vs. standard treatment during severe sepsis/septic shock resuscitation: a randomized control frial RCT Wrong indication
28 Fe 2017 Vasopressin or epinephrine as a second vasopressor in septic shock: a pilot study Pilot study Wrong study design
29 Nadler 2016 Vasopressin as a Single Vasopressor Agent in Patients with Septic Shock Narrative review Wrong study design
30 Clem 2016 Norepinephrine and vasopressin vs norepinephrine alone for septic shock: randomized controlled trial RCT Wrong comparator
31 Zambolim 2018 Vasopressin versus norepinephrine for the management of septic shock in cancer patients (VANCS I1) RCT Wrong comparator
32 Roy 2016 Attempting to define and refine vasopressin use in septic shock: the VANISH trial Narrative review Wrong study design
33 Du 2015 Comparison of clinical effect of dopamine and norepinephrine in the treatment of septic shock RCT Wrong comparator
34 Einav 2021 Vasopressor and inotrope treatment for septic shock: An umbrella review of reviews. Non-RCT Wrong study design
35 Young 2019 Vasopressin in septic shock: what we know and where to next? Non-RCT Wrong study design
36 Hernandez 2019 | Norepinephrine in septic shock. Narrative review Wrong comparator
37 Ammar 2019 Optimal norepinephrine-equivalent dose to initiate epinephrine in patients with septic shock. Non-RCT Wrong study design
38 Teja 2022 First-Line Vasopressor Use in Septic Shock and Route of Administration: An Epidemiologic Study. Non-RCT Wrong study design
39 Nguyen 2017 Comparative Effectiveness of Second Vasoactive Agents in Septic Shock Refractory to Norepinephrine. Non-RCT Wrong study design
40 Aso 2022 Vasopressin versus epinephrine as adjunct vasopressors for septic shock Non-RCT Wrong study design
41 Feldheiser 2021 Vasopressor effects on venous return in septic patients: a review. Letter Wrong study design
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42 Hammond 2018 Prospective Open-label Trial of Early Concomitant Vasopressin and Norepinephrine Therapy versus Initial Norepinephrine | RCT Wrong comparator
Monotherapy in Septic Shock.

43 Li 2019 How to use vasoactive drugs in septic shock. Narrative review Non- English article

44 Annane 2015 Evidence to Practice Gap: The Case of Dopamine. Narrative review Wrong study design

45 Russell 2018 Vasopressin versus norepinephrine in septic shock: a propensity score matched efficiency retrospective cohort study in the VASST | Non-RCT Wrong study design
coordinating center hospital.

46 Sedhai 2022 Vasopressin versus norepinephrine as the first-line vasopressor in septic shock: A systematic review and meta-analysis. Non-RCT Wrong study design

47 M;ii?g?;?)rf] Comparison Dopamine and Nor-epinephrine on End tidal carbon dioxide pressure in patients with septic shock RCT Wrong outcomes

Medical Sciences
2020

48 Albanese 2005 Terlipressin or norepinephrine in hyperdynamic septic shock: a prospective, randomized study RCT in Gamper, 2016 Wrong intervention

49 Boccara 2003 Terlipressin versus norepinephrine to correct refractory arterial hypotension after general anesthesia in patients chronically treated | RCT in Gamper, 2016 Wrong intervention
with renin-angiotensin system inhibitors

50 Choong 2009 Vasopressin in pediatric vasodilatory shock: a multicenter randomized controlled trial RCT in Gamper, 2016 Wrong intervention

51 De Backer 2010 Comparison of dopamine and norepinephrine in the treatment of shock RCT in Gamper, 2016 Wrong intervention

52 Diinser 2003 Arginine vasopressin in advanced vasodilatory shock: a prospective, randomized, controlled study RCT in Gamper, 2016 Wrong intervention

53 Han 2012 [A clinical study of pituitrin versus norepinephrine in the treatment of patients with septic shock]. RCT in Gamper, 2016 Wrong intervention

54 Han 2013 Terlipressin decreases vascular endothelial growth factor expression and improves oxygenation in patients with acute respiratory | RCT in Gamper, 2016 Wrong intervention
distress syndrome and shock

55 Jain 2010 Comparison of phenylephrine and norepinephrine in the management of dopamine-resistant septic shock. RCT in Gamper, 2016 Wrong intervention

56 Lauzier 2006 Vasopressin or norepinephrine in early hyperdynamic septic shock: a randomized clinical trial RCT in Gamper, 2016 Wrong intervention

57 Levy 2011 Comparison of norepinephrine-dobutamine to epinephrine for hemodynamics, lactate metabolism, and organ function variables in | RCT in Gamper, 2016 Wrong intervention
cardiogenic shock. A prospective, randomized pilot study

58 Luckner 2006 Cutaneous vascular reactivity and flow motion response to vasopressin in advanced vasodilatory shock and severe postoperative | RCT in Gamper, 2016 Wrong intervention
multiple organ dysfunction syndrome

59 Malay1999 Low-dose vasopressin in the treatment of vasodilatory septic shock RCT in Gamper, 2016 Wrong intervention

60 Marik 1994 The contrasting effects of dopamine and norepinephrine on systemic and splanchnic oxygen utilization in hyperdynamic sepsis RCT in Gamper, 2016 Wrong intervention

61 Martin 1993 Norepinephrine or dopamine for the treatment of hyperdynamic septic shock RCT in Gamper, 2016 Wrong intervention

62 Mathur 2007 Comparison of norepinephrine and dopamine in the management of septic shock using impedance cardiography RCT in Gamper, 2016 Wrong intervention

63 Patel 2010 Efficacy and safety of dopamine versus norepinephrine in the management of septic shock RCT in Gamper, 2016 Wrong intervention

64 Ruokonen 1993 Regional blood flow and oxygen transport in septic shock RCT in Gamper, 2016 Wrong intervention

65 Russell 2008 Vasopressin versus norepinephrine infusion in patients with septic shock RCT in Gamper, 2016 Wrong intervention

66 Svoboda 2012 Terlipressin in the treatment of late phase catecholamine-resistant septic shock RCT in Gamper, 2016 Wrong intervention

67 Yildizdas 2008 Terlipressin as a rescue therapy for catecholamine-resistant septic shock in children RCT in Gamper, 2016 Wrong intervention

Note: The table lists 48 excluded records described in the PRISMA flow diagram (Appendix 2) and 19 RCTs excluded from the 2016 Gamper et al. systematic review.
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Evidence to decision framework

change the effect
Low quality: some confidence, further research likely to change the

effect

Very low quality: findings indicate uncertain effect

JUDGEMENT EVIDENCE & ADDITIONAL CONSIDERATIONS

What is the certainty/quality of evidence? e Mortality: low certainty evidence due to serious risk of bias

e  Mortality (concerns of blinding of investigators and assessors) and

High Moderate Low Very low serious imprecision.

E :' |:| e Time to MAP goal (24 hours without vasopressor use): very
2 e Time to MAP goal (24h without vasopressor use) low certainty evidence due to serious risk of bias (possible
= Hig Moderate Low Very low attrition) and for serious imprecision.
e} |:| |:| e Time to MAP stabilisation (MAP 70 to 80 mmHg or clinician
S e Time to MAP stabilisation discretion): very low certainty due to serious risk of
E High Moderate Low Very low measurement bias, serious inconsistency (uncertainty
=) regarding the definition of MAP stabilisation) and very serious
@ :| I:l img recisigon. ! !
w e Vasopressor free days (to day 28): P
(©) High Moderate  Low Very low e Vasopressor free days (to day 28): very low certainty evidence
E I:l I:I due to serious imprecision, serious risk of bias (possible
g High quality: confident in the evidence attrition) and  serious inconsistency  (inconsistent
(o} Moderate quality: mostly confident, but further research may comparators).

What is the size of the effect for beneficial
outcomes?

e Mortality

Large Moderate  Small None

I I e

e Time to MAP goal (24h without vasopressor use)
Large Moderate  Small None
I [ ]
e Time to MAP stabilisation (70 to 80 mmHg or
clinician discretion)
Large Moderate  Small None
I [ ]
e Time to MAP goal (24h without vasopressor use)
Large Moderate  Small None

I e N e A B Y

EVIDENCE OF BENEFIT

e Mortality: Noradrenaline (norepinephrine) vs adrenaline
(epinephrine) — 131/289 (45.3%) vs 124/171 (45.8%), with a
relative risk (RR) of 0.99 (95% Cl 0.83 to 1.18; 12 = 0%; 5 fewer
deaths per 1000 patients treated (from 78 fewer to 82 more)),

e Time to MAP goal: Noradrenaline (norepinephrine) vs
adrenaline (epinephrine) — Median 50.0 h vs 35.1 h — HR
0.81; 95% CI1 0.59 to 1.12; p= 0.18. Based on a probability of
63.9% to achieve the MAP goal by 48 hours with epinephrine
(adrenaline), 77 fewer patients per 1000 (from 187 fewer to
42 more) would achieve MAP goal when comparing
noradrenaline (norepinephrine)-treated patients to
adrenaline (epinephrine)-treated patients.

e Time to MAP stabilisation (70 to 80 mmHg or clinician
discretion): Noradrenaline may increase/have little to no
effect on time to MAP stabilisation — Mean difference (MD)
7.17 minutes (from 16.74 fewer to 31.08 more).

e Vasopressor free days (to day 28): Noradrenaline may
reduce/have little to no effect on vasopressor free days — MD
-0.05 days (from 4.07 fewer to 3.96 more)

What is the certainty/quality of evidence?
e Lactate concentrations

High Moderate Low Very low
] [ ] [ ]
e  Arrhythmias (any)
High Moderate Low Very low
. []

High quality: confident in the evidence

Moderate quality: mostly confident, but further research may change the
effect

Low quality: some confidence, further research likely to change the effect
Very low quality: findings indicate uncertain effect

QUALITY OF EVIDENCE OF
HARM

e lLactate concentrations: very low certainty evidence due to
very serious risk of bias and serious imprecision, which is
considered to be clinically insignificant.

o Arrhythmias (any type): very low certainty evidence due to
serious risk of bias (possible attrition) and very serious
imprecision.
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JUDGEMENT

EVIDENCE & ADDITIONAL CONSIDERATIONS

What is the size of the effect for harmful outcomes?
e Lactate concentrations

e Lactate concentrations: Noradrenaline may reduce/have no
effect on lactate concentration — MD - 0.16 mmol/I (95% ClI

(7
8 7 Large Moderate  Small None -1.14 fewer to 0.82 more).
§ E I:' |:| |:| e Arrhythmias (any type): adrenaline (epinephrine) [30/184
a § e  Arrhythmias (any) (16.3%)] vs noradrenaline (norepinephrine) + dobutamine
E Large Moderate  Small None combination treatment group [31/176 (17.6%)], RR 0.92
|:| |:| |:| (95% C1 0.59 to 1.45).
Do the desirable effects outweigh the undesirable | There is uncertainty as to whether desirable effects outweigh
(] harms? undesirable effects, noting that increase in lactate
7 %) . . . .
E S Favours Favours Intervention concentrations may not be clinically important.
E °<‘ intervention control = Control or
i = Uncertain
[ ] [ ]
Therapeutic alternatives available: n/a
(8) wl
= 0O
S 2
23
2 &
wl
=
F 2
= Is implementation of this recommendation feasible? | Noradrenaline has recently been registered with SAHPRA,
g - Yes No Uncertain however, there are concerns regarding cost.
=
= [ ] [ ]
How large are the resource requirements? Price of medicines/ treatment course:
More Less intensive Uncertain Medicine Tender | SEP 100% SEP 60%
intensive price *
-X Adrenaline (Pharma-Q | R4.00 R 36.11 (10 | R21.67
Adrenaline 1 Amp 1 units)
mg/ml)*
Noradrenaline  (BGM- | n/a R 434.70 (10 | n/a
noradrenaline 10 Amps units)***
2mg/ml; Available
through S21 process —
private sector price**
Noradrenaline (Sinora — | n/a R 2564.11 R 1538.40
w noradrenaline 10 Amps
g 4mg/aml)***
tJ) * Contract circular HP06-2021SVP
4 **521 private sector price sourced from MediKredit
8 ***Noradrenaline-Sinora Single exit price (14 August 2023)
n
ﬁ Days Total
- treatment Per patient cost
Medicine (Median dose (mg) (Median & IQR)
2 10R)¥ (Median & (Rand)
QR) 1aR)*
) 40.3 R 161.28
Adrenaline 2010 1 530, 86.7) (R92.16, R 346.94)
Noradrenaline 4(2,21) 56.2 R1220.64
(BGM-noradrenaline) ! (40.3, 130.4) (R 876.36, R 2 834.59)
Noradrenaline 4(2,21) 56.2 R 3600.01
(Sinora) ’ (40.3,130.4) | (R2584.62, R 8360.02)

¥ Based on data from Myburgh et al (2008)

Other resources: n/a
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JUDGEMENT

EVIDENCE & ADDITIONAL CONSIDERATIONS

Is there important uncertainty or variability about | There is no local survey data assessing the preferences and

w
= how much people value the options? acceptability of healthcare workers or patients. However, it was
z . . . .
. . . reported that use of noradrenaline is preferred in the private
e E Minor Major Uncertain seitor P P
52 | [ ]
& g
um: = Is the option acceptable to key stakeholders?
2 < Yes No Uncertain
<
g [ ] [ ]
- Would there be an impact on health inequity? There is no local survey data assessing equity. Additionally, there
= . are concerns regarding price.
g Yes No Uncertain g ep
& [ ] [ ]
Version Date Reviewer(s) Recommendation and Rationale
Initial 24 April 2023 RM, TDL, SD, RG The PHC/Adult Hospital Level Committee suggests not to use the option of
(Updated noradrenaline for the management of septic shock in adults. The evidence is limited
6 October 2023) and uncertain.
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Appendix 1: Search Strategies

A: PubMed
1) Date: 7 October 2022

Search Query

#11

#10

#9

#7

#8

#6

#5

#4

#3

#2

#1

PubMed

Search: #3 AND #6 Filters: Meta-Analysis, Systematic Review

Search: #3 AND #6 Filters: Systematic Review

Search: #7 AND #8

Search: #3 AND #6

Search: (randomized controlled trial [pt] OR controlled clinical trial [pt] OR randomized [tiab] OR placebo
[tiab] OR drug therapy [sh] OR randomly [tiab] OR trial [tiab] OR groups [tiab]) NOT (animals [mh] NOT
humans [mh])

Search: #4 OR #5

Search: noradrenaline[tiab] OR norepinephrine[tiab] OR levonor[tiab] OR levophed[tiab] OR
levarterenol[tiab] OR arterenol[tiab] OR epinephrine[tiab] OR dopamine[tiab] OR intropin[tiab] OR
adrenaline[tiab] OR vasopressin*[tiab] OR lypressin[tiab] OR felypressin[tiab] OR ornipressin[tiab] OR
terlipressin[tiab] OR vasoconstrictor*[tiab] OR pitressin[tiab] OR vasopressor*[tiab]

Search: norepinephrine[mh] OR vasoconstrictor agents[mh] OR epinephrine[mh] OR dopamine[mh] OR
vasopressins[mh]

Search: #1 OR #2

Search: septic shock[tiab] OR toxic shock[tiab] OR endotoxin shock[tiab] OR endotoxic shock[tiab] OR
severe sepsis[tiab] OR septicemia*[tiab] OR septiceamia*[tiab] OR blood stream infection*[tiab] OR
bloodstream infection*[tiab] OR sepsis syndrome[tiab]

Search: systematic inflammatory response syndrome[mh] OR sepsis[mh] OR shock, septic[mh]

2) Date: 23 September 2022
Search Query

#10

#9

#8

#7

Search: #3 AND #6 Filters: Meta-Analysis, Systematic Review

Search: #7 AND #8

Search: (randomized controlled trial [pt] OR controlled clinical trial [pt] OR randomized [tiab] OR placebo
[tiab] OR drug therapy [sh] OR randomly [tiab] OR trial [tiab] OR groups [tiab]) NOT (animals [mh] NOT
humans [mh])

Search: #3 AND #6
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https://pubmed.ncbi.nlm.nih.gov/?term=%233+AND+%236&filter=pubt.meta-analysis&filter=pubt.systematicreview&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=%233+AND+%236&filter=pubt.systematicreview&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=%237+AND+%238&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=%233+AND+%236&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=%28randomized+controlled+trial+%5Bpt%5D+OR+controlled+clinical+trial+%5Bpt%5D+OR+randomized+%5Btiab%5D+OR+placebo+%5Btiab%5D+OR+drug+therapy+%5Bsh%5D+OR+randomly+%5Btiab%5D+OR+trial+%5Btiab%5D+OR+groups+%5Btiab%5D%29+NOT+%28animals+%5Bmh%5D+NOT+humans+%5Bmh%5D%29&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=%234+OR+%235&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=noradrenaline%5Btiab%5D+OR+norepinephrine%5Btiab%5D+OR+levonor%5Btiab%5D+OR+levophed%5Btiab%5D+OR+levarterenol%5Btiab%5D+OR+arterenol%5Btiab%5D+OR+epinephrine%5Btiab%5D+OR+dopamine%5Btiab%5D+OR+intropin%5Btiab%5D+OR+adrenaline%5Btiab%5D+OR+vasopressin%2A%5Btiab%5D+OR+lypressin%5Btiab%5D+OR+felypressin%5Btiab%5D+OR+ornipressin%5Btiab%5D+OR+terlipressin%5Btiab%5D+OR+vasoconstrictor%2A%5Btiab%5D+OR+pitressin%5Btiab%5D+OR+vasopressor%2A%5Btiab%5D&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=norepinephrine%5Bmh%5D+OR+vasoconstrictor+agents%5Bmh%5D+OR+epinephrine%5Bmh%5D+OR+dopamine%5Bmh%5D+OR+vasopressins%5Bmh%5D&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=%231+OR+%232&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=septic+shock%5Btiab%5D+OR+toxic+shock%5Btiab%5D+OR+endotoxin+shock%5Btiab%5D+OR+endotoxic+shock%5Btiab%5D+OR+severe+sepsis%5Btiab%5D+OR+septicemia%2A%5Btiab%5D+OR+septiceamia%2A%5Btiab%5D+OR+blood+stream+infection%2A%5Btiab%5D+OR+bloodstream+infection%2A%5Btiab%5D+OR+sepsis+syndrome%5Btiab%5D&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=systematic+inflammatory+response+syndrome%5Bmh%5D+OR+sepsis%5Bmh%5D+OR+shock%2C+septic%5Bmh%5D&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=%233+AND+%236&filter=pubt.meta-analysis&filter=pubt.systematicreview&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=%237+AND+%238&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=%28randomized+controlled+trial+%5Bpt%5D+OR+controlled+clinical+trial+%5Bpt%5D+OR+randomized+%5Btiab%5D+OR+placebo+%5Btiab%5D+OR+drug+therapy+%5Bsh%5D+OR+randomly+%5Btiab%5D+OR+trial+%5Btiab%5D+OR+groups+%5Btiab%5D%29+NOT+%28animals+%5Bmh%5D+NOT+humans+%5Bmh%5D%29&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=%233+AND+%236&ac=no&sort=relevance

Search Query

#6

#5

#4

#3

#2

#1

Search: #4 OR #5

Search: septic shock[tiab] OR toxic shock[tiab] OR endotoxin shock[tiab] OR endotoxic shock[tiab]

OR

severe sepsis[tiab] OR septicemia*[tiab] OR blood stream infection*[tiab] OR bloodstream

infection*[tiab]

Search: shock, sepsis[mh]

Search: #1 OR #2

Search: noradrenaline[tiab] OR norepinephrine[tiab] OR levonor[tiab] OR levophed[tiab]
levarterenol[tiab] OR arterenol[tiab]

Search: norepinephrine[mh]

B: Epistemonikos
Date: 7 October 2022

OR

Results

Query

Results

(title:("septic shock" OR "toxic shock" OR "endotoxin shock" OR "endotoxic shock" OR sepsis OR septicemia* OR
septiceamia* OR "blood stream infection" OR "blood stream infections" OR "bloodstream infection" OR
"bloodstream infections") OR abstract:("septic shock" OR "toxic shock" OR "endotoxin shock" OR "endotoxic
shock" OR sepsis OR septicemia* OR septiceamia* OR "blood stream infection" OR "blood stream infections" OR
"bloodstream infection" OR "bloodstream infections")) AND (title:(noradrenaline OR norepinephrine OR levonor
OR levophed OR levarterenol OR arterenol OR epinephrine OR dopamine OR intropin OR adrenaline OR
vasopressin* OR lypressin OR felypressin OR ornipressin OR terlipressin OR vasoconstrictor* OR pitressin OR
vasopressor*) OR abstract:(noradrenaline OR norepinephrine OR levonor OR levophed OR levarterenol OR
arterenol OR epinephrine OR dopamine OR intropin OR adrenaline OR vasopressin* OR lypressin OR felypressin
OR ornipressin OR terlipressin OR vasoconstrictor* OR pitressin OR vasopressor*))

Filters: Publication type = Primary Study

634

(title:("septic shock" OR "toxic shock" OR "endotoxin shock" OR "endotoxic shock" OR sepsis OR septicemia* OR
septiceamia* OR "blood stream infection" OR "blood stream infections" OR "bloodstream infection" OR
"bloodstream infections") OR abstract:("septic shock" OR "toxic shock" OR "endotoxin shock" OR "endotoxic
shock" OR sepsis OR septicemia* OR septiceamia* OR "blood stream infection" OR "blood stream infections" OR
"bloodstream infection" OR "bloodstream infections")) AND (title:(noradrenaline OR norepinephrine OR levonor
OR levophed OR levarterenol OR arterenol OR epinephrine OR dopamine OR intropin OR adrenaline OR
vasopressin* OR lypressin OR felypressin OR ornipressin OR terlipressin OR vasoconstrictor* OR pitressin OR
vasopressor*) OR abstract:(noradrenaline OR norepinephrine OR levonor OR levophed OR levarterenol OR
arterenol OR epinephrine OR dopamine OR intropin OR adrenaline OR vasopressin* OR lypressin OR felypressin
OR ornipressin OR terlipressin OR vasoconstrictor* OR pitressin OR vasopressor¥*))

Filters: Publication type = Systematic Review

170

(title:("septic shock" OR "toxic shock" OR "endotoxin shock" OR "endotoxic shock" OR sepsis OR septicemia* OR
septiceamia* OR "blood stream infection" OR "blood stream infections" OR "bloodstream infection" OR
"bloodstream infections") OR abstract:("septic shock" OR "toxic shock" OR "endotoxin shock" OR "endotoxic
shock" OR sepsis OR septicemia* OR septiceamia* OR "blood stream infection" OR "blood stream infections" OR
"bloodstream infection" OR "bloodstream infections")) AND (title:(noradrenaline OR norepinephrine OR levonor
OR levophed OR levarterenol OR arterenol OR epinephrine OR dopamine OR intropin OR adrenaline OR
vasopressin* OR lypressin OR felypressin OR ornipressin OR terlipressin OR vasoconstrictor* OR pitressin OR
vasopressor*) OR abstract:(noradrenaline OR norepinephrine OR levonor OR levophed OR levarterenol OR
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https://pubmed.ncbi.nlm.nih.gov/?term=%234+OR+%235&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=septic+shock%5Btiab%5D+OR+toxic+shock%5Btiab%5D+OR+endotoxin+shock%5Btiab%5D+OR+endotoxic+shock%5Btiab%5D+OR+severe+sepsis%5Btiab%5D+OR+septicemia%2A%5Btiab%5D+OR+blood+stream+infection%2A%5Btiab%5D+OR+bloodstream+infection%2A%5Btiab%5D&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=shock%2C+sepsis%5Bmh%5D&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=%231+OR+%232&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=noradrenaline%5Btiab%5D+OR+norepinephrine%5Btiab%5D+OR+levonor%5Btiab%5D+OR+levophed%5Btiab%5D+OR+levarterenol%5Btiab%5D+OR+arterenol%5Btiab%5D&ac=no&sort=relevance
https://pubmed.ncbi.nlm.nih.gov/?term=norepinephrine%5Bmh%5D&ac=no&sort=relevance

arterenol OR epinephrine OR dopamine OR intropin OR adrenaline OR vasopressin* OR lypressin OR felypressin
OR ornipressin OR terlipressin OR vasoconstrictor* OR pitressin OR vasopressor*))

2 | (title:(noradrenaline OR norepinephrine OR levonor OR levophed OR levarterenol OR arterenol OR epinephrine 16,934
OR dopamine OR intropin OR adrenaline OR vasopressin®* OR lypressin OR felypressin OR ornipressin OR
terlipressin OR vasoconstrictor* OR pitressin OR vasopressor*) OR abstract:(noradrenaline OR norepinephrine
OR levonor OR levophed OR levarterenol OR arterenol OR epinephrine OR dopamine OR intropin OR adrenaline
OR vasopressin* OR lypressin OR felypressin OR ornipressin OR terlipressin OR vasoconstrictor* OR pitressin OR
vasopressor¥))

1 | (title:("septic shock" OR "toxic shock" OR "endotoxin shock" OR "endotoxic shock" OR sepsis OR septicemia* OR 22,555
septiceamia* OR "blood stream infection" OR "blood stream infections" OR "bloodstream infection" OR
"bloodstream infections") OR abstract:("septic shock" OR "toxic shock" OR "endotoxin shock" OR "endotoxic
shock" OR sepsis OR septicemia* OR septiceamia* OR "blood stream infection" OR "blood stream infections" OR
"bloodstream infection" OR "bloodstream infections"))

C: Health technology assessment databases
Databases that were searched included NICE, Canada HTA, EUNETHTA and INATHTA, Google scholar.
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Appendix 2: PRISMA flowchart
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Modified From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline
for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71. For more information, visit: http://www.prisma-statement.org/
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Appendix 3: AGREE Il appraisal summaries

Guideline

Domain
1

Domain
2

Domain
3

Domain
4

Domain
5

Domain
6

Overall
Assessment

Surviving Sepsis Guidelines, 2021

83%

58%

56%

75%

21%

54%

67%

The Japanese Clinical Practice Guidelines for
Management of Sepsis and Septic Shock,
2020

92%

89%

83%

75%

44%

92%

67%

Clinical practice guidelines for sepsis and
septic shock in adults in the Philippines,
2020

72%

56%

39%

78%

60%

38%

58%

Domain 1: Scope and purpose
Domain 2: Stakeholder involvement
Domain 3: Rigour of development
Domain 4: Clarity of presentation
Domain 5: Applicability

Domain 6: Editorial independence
OA: overall assessment
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Appendix 4: Appraisal of previous surviving sepsis campaign guidelines that recommend norepinephrine vs. epinephrine therapy in patients with se

ptic shock

Surviving sepsis guideline title
(year published)

Recommendations

Cited evidence

Comment

Hemodynamic support in septic shock
(2001)

e “Norepinephrine and dopamine
preferred over epinephrine to
correct hypotension in septic
shock (grade E evidence)”.

e “Norepinephrine markedly improves MAP and
glomerular filtration. This is particularly true in
the high output-low resistance state of many
septic shock patients.”

“A few studies have used norepinephrine as the
only adrenergic agent to correct sepsis-induced
hemodynamic abnormalities” — Fukuoka, 1989;
Martin, 1990a; Martin, 1993; Ruokonen, 1993;
Marik, 1994

“Renal ischemia observed during hyperdynamic
septic shock is not worsened by norepinephrine
infusion and even suggests that this drug may
effectively optimize renal blood flow and renal
vascular resistance” - Redl-Wenzl, 1993; Winslow,
1973; Marik, 1994

® “Norepinephrine is probably more effective than
dopamine at reversing hypotension in septic
shock patients” - Martin, 1993

“Other studies, however, have observed no
significant changes in either cardiac output or
stroke volume index after the use of
norepinephrine in the presence of a significant
increase in vascular resistance, suggesting that
norepinephrine is exerting oi-receptor agonist
effects.” - Desjars, 1987; Meadows, 1988; 1989;
Hesselvik, 1989; Martin, 1990; Martin, 1994
“Epinephrine has detrimental effects on
splanchnic blood flow and causes transient
decreases in pH and increases in the pCO2 gap” -
Levy, 1997; Meier-Hellmann, 1997

“Epinephrine administration has been associated
with increases in systemic and regional lactate
concentrations.” - Levy, 1997; Wilson, 1992;
Meier-Hellman, 1997

“Because of its negative effects on gastric blood
flow and blood lactate concentrations its use
should be limited.”

e Imbalanced presentation of evidence
justifying preferred use of
norepinephrine over epinephrine.

e low quality evidence informed
preferred use of norepinephrine over
epinephrine: Grade E evidence = Level
IV or V evidence; Non-randomized
studies, historical control studies,
uncontrolled studies, case series, and
expert opinion evidence

Surviving sepsis campaign guidelines
(2004)

e “Either norepinephrine or
dopamine (through a central line
as soon as available) is the first-

“Although there is no high-quality primary
evidence to recommend one catecholamine over
another, human and animal studies suggest some

e Preference for norepinephrine over
epinephrine appears to depend on
differences in metabolic effects like
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choice
correct
shock.”

vasopressor agent to
hypotension in septic

advantages of norepinephrine and dopamine over
epinephrine  (potential tachycardia, possibly
disadvantageous effects on splanchnic circulation)
and phenylephrine (decrease in stroke volume).” —
Hollenberg, 1999; Regnier, 1977; Martin, 1993;
Martin, 2000; De Backer, 2003

“Dopamine increases MAP and cardiac output,
primarily due to an increase in stroke volume and
heart rate.” — Hollenberg, 1999; Regnier, 1977;
Martin, 1993; Martin, 2000; De Backer, 2003
“Norepinephrine increases MAP due to its
vasoconstrictive effects, with little change in heart
rate and less increase in stroke volume compared to
dopamine.” — Hollenberg, 1999; Regnier, 1977,
Martin, 1993; Martin, 2000; De Backer, 2003
“Norepinephrine is more potent than dopamine and
may be more effective at reversing hypotension in
patients with septic shock. Dopamine may be
particularly useful in patients with compromised
systolic function, but causes more tachycardia and
may be more arrhythmogenic.” — Hollenberg, 1999;
Regnier, 1977; Martin, 1993; Martin, 2000; De
Backer, 2003

lactate, as well as relatively preserved
splanchnic circulation in patients with
severe shock on norepinephrine
compared to those on epinephrine.
However, none of the referenced
studies showed improvements in
clinical outcomes or mortality.

Surviving sepsis campaign guidelines
(2008)

“We recommend either
norepinephrine or dopamine as
the first choice vasopressor agent
to correct hypotension in septic
shock (administered through a
central catheter as soon as one is
available) (grade 1C).”

“We suggest that epinephrine,
phenylephrine, or vasopressin
should not be administered as the
initial vasopressor in septic shock
(grade 2C).”

“We suggest that epinephrine be
the first chosen alternative agent
in septic shock that is poorly
responsive to norepinephrine or
dopamine (grade 2B).”

“There is no high-quality primary evidence to
recommend one catecholamine over another. Much
literature exists that contrasts the physiologic effects
of choice of vasopressor and combined
inotrope/vasopressors in septic shock.” — Martin,
1994; Martin, 2000; De Backer, 2003; Day, 1996; Le
Tulzo, 1997; Bollaert, 1990; Zhou, 2002; Mackenzie,
1991; Moran, 1993; Yamazaki, 1982; Gregory, 1991;
Annane, 2007

“Human and animal studies suggest some
advantages of norepinephrine and dopamine over
epinephrine (the latter with the potential for
tachycardia as well as disadvantageous effects on
splanchnic circulation and hyperlactemia) and
phenylephrine (decrease in stroke volume). There is,
however, no clinical evidence that epinephrine
results in worse outcomes, and it should be the first
chosen alternative to dopamine or norepinephrine.”
— No references cited

e Recommendation for norepinephrine in
preference over epinephrine more
nuanced than previous guidelines, and
is largely made on
theoretical/haemodynamic  response
data rather than evidence with clinical
outcomes.

e Strength of recommendation grading:
Grade 1 = Strong recommendation,
Grade 2 = Weak recommendation.

e Quality of evidence grading: High
quality = grade A, moderate quality =
grade B, low quality = grade C

Surviving sepsis campaign guidelines
(2012)

“We recommend that vasopressor
therapy initially target a MAP of 65
mmHg (grade 1C).”

“Dopamine increases MAP and cardiac output,
primarily due to an increase in stroke volume and
heart rate. Norepinephrine increases MAP due to

e “Reason for preference of
norepinephrine over epinephrine is
largely based on theoretical
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* “We recommend norepinephrine
as the first-choice vasopressor
(grade 1B).”

“We suggest epinephrine (added
to and potentially substituted for
norepinephrine) when an
additional agent is needed to
maintain adequate blood pressure
(grade 2B).”

“Vasopressin (up to 0.03 U/min)
can be added to norepinephrine
with the intent of raising MAP to
target or decreasing
norepinephrine dosage (UG).”
“Low-dose vasopressin is not
recommended as the single initial
vasopressor for treatment of
sepsisinduced hypotension, and

vasopressin doses higher than
0.03-0.04 U/min should be
reserved for salvage therapy

(failure to achieve an adequate
MAP with other vasopressor
agents) (UG).”

“We suggest dopamine as an
alternative vasopressor agent to
norepinephrine only in highly
selected patients (e.g., patients
with low risk of tachyarrhythmias
and absolute or relative
bradycardia) (grade 2C).”

its vasoconstrictive effects, with little change in
heart rate and less increase in stroke volume
compared with dopamine. Norepinephrine is
more potent than dopamine and may be more
effective at reversing hypotension in patients
with septic shock.” —

“Information from five randomized trials (n =
1,993 patients with septic shock) comparing
norepinephrine to dopamine does not support
the routine use of dopamine in the management
of septic shock.” - Martin, 2000; Ruokonen, 1993;
Marik, 1994; Patel, 2010; De Backer, 2010
“Although some human and animal studies
suggest epinephrine has deleterious effects on
splanchnic circulation and produces
hyperlactatemia, no clinical evidence shows that
epinephrine results in worse outcomes, and it
should be the first alternative to norepinephrine.
Indeed, information from 4 randomized trials (n =
540) comparing norepinephrine to epinephrine
found no evidence for differences in the risk of
dying (RR, 0.96; Cl, 0.77-1.21; fixed effect; I2 =
0%).” - Levy, 1997; Annane, 2007; Seguin, 2002;
Myburgh, 2008

“Epinephrine may increase aerobic lactate
production via stimulation of skeletal muscles’ 32-
adrenergic receptors and thus may prevent the
use of lactate clearance to guide resuscitation.” -
No references cited

considerations.”

“Despite making a "soft"
recommendation for norepinephrine
over other vasopressors, the
recommendation is assessed as grade
1B. The referenced clinical outcome
data that congruent with this
assessment are from norepinephrine vs
dopamine studies.”

“Four intervention parallel cohort
studies failed to show significant
differences between norepinephrine
and epinephrine, with no difference in
mortality shown by an RR of 0.96.”

Surviving sepsis campaign guidelines
(2016)

“We recommend norepinephrine
as the firstchoice vasopressor
(strong recommendation,
moderate quality of evidence).”

e We suggest adding either
vasopressin (up to 0.03 U/min)
(weak recommendation,
moderate quality of evidence) or
epinephrine (weak
recommendation, low quality of
evidence) to norepinephrine with
the intent of raising MAP to target,
or adding vasopressin (up to 0.03
U/min)

“Human and animal studies suggest that the
infusion of epinephrine may have deleterious
effects on the splanchnic circulation and produces
hyperlactatemia. However, clinical trials do not
demonstrate worsening of clinical outcomes. One
RCT comparing norepinephrine to epinephrine
demonstrated no difference in mortality but an
increase in adverse drug-related events with
epinephrine.” - Myburgh, 2008

“A meta-analysis of four randomized trials (n =
540) comparing norepinephrine to epinephrine
found no significant difference in mortality (RR
0.96; Cl 0.77-1.21; low-quality evidence).” - Avni,
2015

e Blinding in cited RCT by Myburgh, 2008
may have been at risk of compromise:
Epinephrine was already thought to
increase heart rate and lactic acidosis
compared to norepinephrine prior to
study, & these were the two
commonest reasons for relative
withdrawal from study, after which
patients would receive open-label
norepinephrine which was preferred
and recommended by 3 previous
editions of SSC guidelines.
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(weak recommendation,
moderate quality of evidence) to
decrease norepinephrine dosage.”

“Epinephrine may increase aerobic lactate
production via stimulation of skeletal muscle p2-
adrenergic receptors and thus may preclude the
use of lactate clearance to guide resuscitation.” -
No reference cited

Surviving sepsis campaign guidelines
(2021)

For adults with septic shock, we
recommend using norepinephrine
as the first-line agent over other
Vasopressors (Strong
recommendation).”

“For adults with septic shock and
inadequate MAP levels despite
norepinephrine and vasopressin,
we suggest adding epinephrine
(Weak recommendation, low-
quality evidence).”

“Quality of evidence used to make
recommendation by drug: Dopamine - High
quality evidence; Epinephrine - Low quality
evidence; Vasopressin - Moderate-quality
evidence”

“In settings where norepinephrine is not
available, epinephrine or dopamine can be used
as an alternative, but we encourage efforts to
improve the availability of norepinephrine.
Special attention should be given to patients at
risk for arrhythmias when using dopamine and
epinephrine.” - No references cited

“Potential adverse effects of epinephrine include
arrhythmias and impaired splanchnic circulation.”
- De Backer, 2003

“Epinephrine may increase aerobic lactate
production via stimulation of skeletal muscle -2
adrenergic receptors, making the use of serum
lactate to guide resuscitation challenging.” -
Presumably Myburgh, 2008 (see comment).

“A randomized blinded study comparing
epinephrine with norepinephrine in patients with
shock showed no difference in 90-day mortality
(HR, 0.88; 95% Cl, 0.63—1.25) and vasopressor-
free days (Myburgh, 2008). The panel issued a
strong recommendation for norepinephrine as
the first-line agent over other vasopressors.”
“Epinephrine has been suggested as second or
third-line vasopressor for patients with septic
shock...With the use of norepinephrine at
elevated concentrations, the a; receptors may
already be saturated and downregulated.” -
Akinaga, 2013

“The use of another drug such as epinephrine that
targets the same receptors may be of limited
utility and vasopressin could be more adequate in
patients  with  shock  unresponsive  to
norepinephrine. In an indirect comparison, a
network meta-analysis did not find any significant
difference between epinephrine and vasopressin

Unclear what evidence/rationale was
used to make a strong recommendation
for norepinephrine in the absence of
long-term, clinically relevant
differences in efficacy or safety.

There is no clinical data available to
corroborate an increased risk of
arrhythmias using epinephrine in septic
shock. Cited text by De Backer et al
(2003) assess effects of epinephrine,
norepinephrine, and dopamine on
splanchnic circulation. Epinephrine has
improved cardiac index compared to
other agents in moderate and severe
shock, but impaired splanchnic
circulation in severe shock compared to
norepinephrine.
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in terms of mortality (RR, 0.94; 95% CI, 0.47—
1.88). Epinephrine might be useful in refractory
septic shock patients with  myocardial
dysfunction.” - Belletti, 2017
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Appendix 5: AMSTAR assessment of systematic reviews

Yes (Y)/ Partial Yes (PY)/ No (N)
No. | Criteria Belletti Oba | Nagendran | Cheng | Ruslan | Gamper | Avni | Zhou | Chen | Jiang
2017 2015 2016 2019 2021 2016 2015 2015 2019 2019
1 Research questions and inclusion criteria for the review included the components of PICO PY PY Y Y Y Y Y Y N Y
2 Report of the review contained an explicit statement that the review methods were established PY PY PY N PY PY N N N Y
prior to the conduct of the review and did the report justify any significant deviations from the
protocol
3 Review authors explained selection of the study designs for inclusion in the review N N N N N N N N N N
4 Review authors used a comprehensive literature search strategy PY PY PY PY N Y PY PY PY Y
5 Review authors perform study selection in duplicate Y Y Y Y Y Y Y Y Y Y
6 Review authors perform data extraction in duplicate Y N Y N Y Y Y Y N Y
7 Review authors provided a list of excluded studies and justify the exclusions Y N N N N Y N N N Y
8 Review authors described the included studies in adequate detail Y y PY Y Y Y Y PY N Y
9* Review authors used a satisfactory technique for assessing the risk of bias (RoB) in individual Y PY Y Y Y Y Y PY PY Y
studies that were included in the review
10 | Review authors reported on the sources of funding for the studies included in the review. N N Y N N Y N N N N
11* | For meta-analyses, review authors used appropriate methods for statistical combination of Y Y Y Y Y Y Y N Y
results
12 For meta-analyses, review authors assessed the potential impact of RoB in individual RCTs on N N Y N N Y N N N N
the results of the meta-analysis or other evidence synthesis
13* | Review authors accounted for RoB in individual RCTs when interpreting/ discussing the results Y PY Y N N Y N N N N
of the review
14 | Review authors provided a satisfactory explanation for, and discussion of, any heterogeneity Y Y Y N N Y N Y N Y
observed in the results of the review
15* | For quantitative synthesis, review authors carried out adequate investigation of publication bias Y N N Y Y Y Y N Y Y
(small study bias) and discussed its likely impact on the results of the review
16 | Review authors reported any potential sources of conflict of interest, including any funding they Y Y Y Y Y Y N Y Y Y
received for conducting the review
OVERALL QUALITY ASSESMENT: | Lowto | Critically | Critically | Critically | Critically | High | Critically | Critically | Critically | Critically
moderate low low low low low low low Low
Rationale and conclusion: | See below for respective rating

* Critical domains =2, 4, 7,9, 11, 13, 15

Rating overall confidence in the results of the review
* High: No or one non-critical weakness: the systematic review provides an accurate and comprehensive summary of the results of the available studies that address the question of interest
* Moderate: More than one non-critical weakness*: the systematic review has more than one weakness but no critical flaws. It may provide an accurate summary of the results of the available studies that were included in the review
« Low: One critical flaw with or without non-critical weaknesses: the review has a critical flaw and may not provide an accurate and comprehensive summary of the available studies that address the question of interest
+ Critically low: More than one critical flaw with or without non-critical weaknesses: the review has more than one critical flaw and should not be relied on to provide an accurate and comprehensive summary of the available studies
(*Multiple non-critical weaknesses may diminish confidence in the review and it may be appropriate to move the overall appraisal down from moderate to low confidence).
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