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ABSTRACT

Background: Major international guidelines state that norepinephrine should be used as the first-line vasopressor
to achieve adequate blood pressure in patients with hypotension or shock. However, recent observational studies
report that in the United Kingdom and Australia, metaraminol is often used as second line medication for cardiovas-
cular support. Aim of the study: The aim of this study was to carry out a systematic review of metaraminol use for
management of shock in critically unwell patients and carry out a survey evaluating whether UK critical care units
use metaraminol and under which circumstances. Methods: A systematic review literature search was conducted.
A short telephone survey consisting of 6 questions regarding metaraminol use was conducted across 30 UK critical
care units which included a mix of tertiary and district general intensive care units. Results: Twenty-six of thirty con-
tacted centres responded to our survey. Metaraminol was used in 88% of them in various settings and circumstances
(emergency department, theatres, medical emergencies on medical wards), with 67% reporting use of metaraminol
infusions in the critical care setting. The systematic literature review revealed several case reports and only two stud-
ies conducted in the last 20 years investigating the effect of metaraminol as a stand-alone vasopressor. Both studies
focused on different aspects of metaraminol use and the data was incomparable, hence we decided not to perform
a meta-analysis. Conclusions: Metaraminol is widely used as a vasopressor inside and outside of the critical care set-
ting in the UK despite limited evidence supporting its safety and efficacy for treating shock. Further service evalua-
tion, observational studies and prospective randomised controlled trials are warranted to validate the role and safety
profile of metaraminol in the treatment of the critically unwell patient.
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B INTRODUCTION

Shock can be defined as an impairment of the normal
relationship between oxygen demand and oxygen sup-
ply [1] and is the most frequent condition associated
with critical care admission in the United Kingdom
(UK). According to the Intensive Care National Audit
and Research Centre (ICNARC) data, 89.9% of patients
admitted to UK critical care units received basic car-
diovascular support at some point during their stay
and 16.8% of all patients received advanced support
[2]. Advanced cardiovascular support implies that dur-
ing their stay in critical care they: 1) received at least
one vasoactive agent; 2) had continuous observation
of cardiac output and derived indices; 3) had an intra-

aortic balloon pump or other assist devices; 4) had a
temporary pacemaker inserted [3]. Shock and associ-
ated conditions carry a mortality rate of up to 60% thus
processes in the management of these patients are im-
portant to optimise for patient benefit [4].

Although vasoactive agents have been used and
studied for more than six decades, the optimal choice
of vasopressor remains uncertain [4-6]. Over the years,
there have been significant changes in trends in vasoac-
tive medication use [7]. High quality research led to a
significant decline in the use of epinephrine, dopamine,
and dobutamine as the first-line infusions and a shift
towards norepinephrine and vasopressin as the first-
and second-line vasoactive agents, respectively [8-12].
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However, recent studies report that metaraminol is the
second commonest first line vasopressor for the initial
stages of cardiovascular support after noradrenaline
[13]. This relatively recent trend is chiefly influenced by
increasing early use of peripherally administered vaso-
active agents. While numerous studies were published
on the efficacy and safety of peripherally administered
noradrenaline, it’s use in the United Kingdom is lim-
ited by prescribing and drug administration guidance
stipulated in the British National Formulary (BNF).
Administration through a central venous catheter is
the only administration route listed in the BNF for no-
radrenaline [14], whereas no such restriction is listed
for metaraminol [15]. As a result, peripheral adminis-
tration of noradrenaline can be considered unlicensed
or “off-label” use with potential medico-legal implica-
tions of such prescribing practices. The routes of ad-
ministration listed in the Australian Injectable Drugs
Handbook are identical to those in the BNF [16]. These
national prescribing policies are likely to be a signifi-
cant contributing factor to the widespread use of meta-
raminol in Australia and the United Kingdom.

Our aim was to conduct a systematic review and
investigate the current evidence regarding the use of
metaraminol for hypotension and shock in critical care
and to conduct a survey to evaluate the circumstances
of metaraminol use in critical care settings in the UK.

B METHODS

Systematic review

A literature search was conducted between the 34 and
4% December 2021 using the terms ‘metaraminol’ OR
‘arginine’ in titles and abstracts of the articles. The fol-
lowing databases and search engines were used: Ovid
Medline, Cochrane, PubMed and CINHAL. Articles
we eligible for inclusion if they reported randomised
trials or observational studies exploring the clinical ef-
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fectiveness of metaraminol as a stand-alone vasopres-
sor. Only articles reporting on adult patients and avail-
able in full text in English language were considered.

Articles were excluded if: (1) metaraminol was used
for intraoperative hypotension in theatres; (2) trials
were conducted more than 20 years ago; (3) metarami-
nol was used in conditions not related to hypotension
or shock; (4) trials done in obstetric anaesthesia; (5)
case reports; (6) metaraminol used alongside other va-
soconstrictive medications; (7) trials focusing on dos-
ing of metaraminol.

The time frame of 20 years for article exclusion was
chosen to avoid the impact of major changes in all criti-
cal care practices (ventilation, sedation, invasive moni-
toring) that have taken place in the preceding decades
[17,18].

The publication selection process was reported ac-
cording to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) protocol [19].
All titles and abstracts were reviewed by two investi-
gators independently (LG and TJ) and full texts were
reviewed by one investigator (LG). During the search
only two articles fitting the eligibility criteria were se-
lected. The data they reported focused on different as-
pects of metaraminol use, hence a meta-analysis could
not be performed. A narrative review was done instead.

Survey

Our aim was to examine a broad sample of critical care
units in the UK. According to the DEFINE database
[20], 177 trusts in England currently use metaraminol.
We investigated 30 departments, representing small (<
10 beds), medium (10-20 beds), and large (> 20 beds)
units, and both teaching and non-teaching hospitals.
We conducted a telephone survey of critical care doc-
tors (specialty registrar and above) using a semi-struc-
tured narrative interview and a pre-defined list of ques-
tions (see Table 1).

Table 1. Survey questions used to collect data on metaraminol use in hospitals in United Kingdom

We are conducting a survey to evaluate the frequency and circumstances of metaraminol use in critical care settings

in the UK. Your answers will not be discussed individually, and data will not be identifiable, as they will only be used

as part of the whole sample.

1. Do you use metaraminol in the pre-critical care setting in your hospital?

2. If so, under which circumstances?

3. If metaraminol was started pre-ICU, is it continued in the critical care?
4. Do you ever use metaraminol as a first line vasopressor in Critical Care?

5. If so, under which circumstances?
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B RESULTS

Narrative review

We identified 62 articles reporting the use of metara-
minol for hypotension or shock in critical care settings
(Figure 1).

47 articles (list in Appendix A) were excluded be-
cause they were published more than 20 years ago.
Thirteen other articles that were excluded [21-32], as
they did not meet the inclusion criteria. Four were ei-
ther prospective or retrospective observational studies
regarding metaraminol use in combination with other
vasopressors, metaraminol dosing, frequency of meta-
raminol use [21,23,24,33,34]. Four were case reports,
highlighting use of metaraminol for shock of differ-
ent etiologies [22,27,28,31]. Five articles were opinion
pieces on current practice [26,29] and existing litera-
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ture [25,30]. More detailed descriptions of the excluded
articles are available in Appendix B.

There were no randomised controlled trials fitting
the eligibility criteria identified during the literature
search.

The two remaining studies [33,35] studies focused
on different aspects of metaraminol use, rendering any
statistical analysis impossible. Natalini et al. [35] car-
ried out a prospective cohort analysis aiming to com-
pare the haemodynamic effects of metaraminol and
norepinephrine in patients with septic shock. Ten pa-
tients were enrolled in the study. All study participants
had pulmonary artery catheters inserted to measure
haemodynamic variables. The acid-base status and
doses needed to achieve haemodynamic goals were
also noted. No significant changes between effects of
metaraminol and norepinephrine were observed.
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Fig. 1. PRISMA flow chart of the study selection process
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Ruchti et al [33] published a letter on a prospective
comparison of peripheral use of metaraminol and di-
luted norepinephrine. A hundred patient were included
in the study without any randomisation. No statistical-
ly significant differences in demographics, vasopres-
sor requirements, duration of treatment or side effects
were observed. A basic economic analysis revealed that
using metaraminol was significantly more costly than
using peripheral norepinephrine.

Summary of both studies is provided in Table 2.

Survey results

We received 26 responses from the 30 hospitals we con-
tacted, representing 10% of UK adult critical care units.
Of these 4 were small (<10 bedded), 10 were medium
(10-20 bedded), and 12 were larger sized (>20 bedded)
units. The surveyed units had a collective total of 34206
admissions in 2018, representing 17% of total UK criti-
cal care admissions. The average number of admissions
per small unit was 419/year, medium unit 757/year and
larger unit 2080/year.

In total, 88% of the units (23/26 hospitals) used met-
araminol in pre-critical care (prior to critical care ad-
mission). Of the three units that did not, two specified
that metaraminol was only used when phenylephrine
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was not available, and the third one explained that it
was never used because it was not available in their
hospital.

In 70% (16/23) of the hospitals, metaraminol was
used on the wards or in the emergency department for
patients who were planned to be admitted to intensive
care units. More details on the use of metaraminol in
the pre-critical care setting provided in Table 3.

In 70% (16/23) of the cases, metaraminol was used
to manage hypotension due to any cause. One hospital
specified that it was used for sepsis-related hypoten-
sion, and another one used it for sedation-related hy-
potension only. Almost a quarter of all respondents ex-
plained that metaraminol was mostly used as a bridge
to a central line and was discontinued as soon as nor-
epinephrine could be started.

The majority of hospitals (67%, 15/23) continued
metaraminol infusion in the critical care unit. Almost
half of the respondents explained that infusion was
time-limited (usually 12-24 hours). If cardiovascular
support was required following this period of time,
patients would be continued on an infusion of norepi-
nephrine. In a few cases, continuation of metaraminol
or the duration of its use depended on the doctor’s dis-
cretion.

Table 2. Review of articles selected by our literature review regarding the use of metaraminol in critical care settings

Author Type of the Number of patients

study and population ated

and year
of study

Nataliniet  Prospec- 10 patients in with
al, tive cohort  septic shock. variables;
2005(35) study All initially started on

norepinephrine, then

nol, dose titrated to sure;
reach same mean ar-
terial blood pressure.
Pulmonary catheter
used for measure-
ment of haemody-
namic variables.

Outcome(s) evalu-

- Haemodynamic

- Medication doses
needed to maintain
changed to metarami- same blood pres-

- Acid-base status
- Cardiac output
increase of more
than 30%

Narrative outcome  Quality assessment

No significant chang- The sample size was

es in haemodynamic  small. The study was not
variables. blinded. Only immediate
No relationship be-  effect was evaluated,
tween norepineph-  and the authors did

rine and metaraminol not comment on the
doses (R2=0.087), effects that metaraminol
needed to maintain  can have on long term
the same mean arte- outcomes

rial blood pressure

was found.

Ruchti et al, Prospective 100 patients with
2021(33) observa- shock or hypotension
tional study of any cause. First 50
given metaraminol,

other 50- norepineph- - Need of central
rine. venous catheter
- Cost of treatment

- Haemodynamic
variables;

- Duration of vaso-
pressor support

Patients were not
randomised to interven-
tion. Norepinephrine
administered periph-

No statistically
significant changes
in measured clini-
cal outcomes were

found in both groups.
Cost of treatment
was significantly
higher in metarami-
nol group.

erally, which is not
standard practice. Study
presented as a letter,
hence limited informa-
tion available regarding
methods and results.
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Table 3. Reported use of metaraminol in pre-critical areas as per the size of the critical care capacity

All pre-critical Emergency Theatres Recovery Ambulance/ Wards
care areas department/resus Transfer
All respondent (26 hospitals) 23 (88%) 16 (70%) 9 (39%) 5(22%) 1 (4%) 16 (70%)
<10 bedded (4 hospitals) 4 (100%) 4 (100%) 2 (50%) 1(25%) 0 3 (75%)
10-20 bedded (10 hospitals) 9 (90%) 4 (40%) 2 (20%) 0 0 5 (50%)
>20 bedded (12 hospitals) 10 (83%) 8 (67%) 5 (42%) 4 (33%) 1(8%) 8 (67%)

Approximately 62% (14/23) of hospitals used meta-
raminol as first line vasopressor in critical care (Figure
2).

Two hospitals specified that metaraminol was used
pre-intubation, four mentioned that it was used for se-
dation-related and post-operative hypotension on ICU.
In one hospital it was the first line vasopressor for all
causes of hypotension if patients were admitted or were
treated in the high dependency unit. In two hospi-
tals, metaraminol was used for hypotension due to any
cause, if it was suspected to resolve relatively quickly
on ICU.

E DISCUSSION

Our survey has demonstrated that metaraminol is used
commonly in pre-critical care settings and on the criti-
cal care units across the UK as the first-line vasopres-
sor. Our literature review has demonstrated the lack
of robust evidence to support this practice. The phar-
macodynamic properties of metaraminol provide a ra-
tionale for its use, but there is no evidence to evaluate
its impact on important patient outcomes, such as the
length of vasopressor support, complications associat-

50% 50%
(n=5) (n=5)

75%
(0=3)

25%
(n=1)

ed with its use, morbidity, and mortality. The pharma-
cological profile of metaraminol lends itself to its use
as a vasopressor which can be quickly drawn up and
administered via a peripheral cannula to stabilise an
acutely hypotensive shocked patient. It is a synthetic,
direct and indirect sympathomimetic agonist mainly
for alpha-1 adrenoreceptors, but also for some beta-
adrenoreceptors [36]. The frequency of adverse events
with metaraminol has not been clearly established.
Both observational studies that we included in the nar-
rative review [33,35] demonstrated, that metaraminol
is able to sustain arterial pressure while producing
global haemodynamic parameters near identical to
those of noradrenaline. The most informative study to
date by Natalini et al used the cross-over design in a
small group of patients allowing a direct comparison
of metaraminol and noradrenaline effects in the same
individual. Considering that cardiac index and stroke
volume index were identical with identical markers of
preload and afterload (central venous pressure, pulmo-
nary artery occlusion pressure and systemic vascular
resistance index), it would be feasible to conclude that
both metaraminol and noradrenaline have very similar
pattern of alpha and beta adrenergic activity. Of note,

67%
(n=8)

Metaraminol used
as 1st line
Vasopressor

33%
(n=4)

m Metaraminol never
used as st line
Vasorpessor

<10 critical care beds 10-20 critical care beds >20 critical care beds

Fig. 2. Use of metaraminol as first line vasopressor, in the critical care setting, based on the critical care capacity
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a marginally higher mean pulmonary artery pressure
and pulmonary vascular resistance index was recorded
following initiation of metaraminol therapy. Such an
effect may be of clinical importance in patients with
pre-existing pulmonary hypertension or cases where
pulmonary artery pressure is elevated due to primary
pathological processes in the lung or lung vasculature.
Strikingly, there was no correlation in the dose required
to achieve same haemodynamic parameters, suggest-
ing that there is significant contribution from the indi-
rect action of metaraminol on adrenergic receptors. It
is therefore possible that metaraminol may be a useful
agent in patients with shock refractory to norepineph-
rine. However, this paper did not report the duration
of metaraminol therapy, thus it is impossible to state
at present if the same haemodynamic effects would be
sustained over a prolonged infusion time measured in
days rather than hours. Neither of the studies were
randomised or had a clinically relevant endpoint so
they cannot inform patient care. Without randomised
controlled trials it is impossible to balance the risk and
benefit for the patients.

Our survey demonstrates that while indications for
initiation of metaraminol as a first-line vasopressor
may be rational, reasons for discontinuation are very
arbitrary and are often based on clinical decisions of
individual clinicians.

It is plausible, though not the only reason, that the
usability of metaraminol for critically ill patients may
have stemmed from its use in anaesthesia; an ideal,
short acting peripherally administered vasopressor
for episodic or short periods of hypotension related
to anaesthetic drugs. Whilst this may be so, the criti-
cally unwell patient is physiologically different from
the surgical patient presenting for elective surgery
[37,38].

In addition to patient outcomes, we should consider
the financial impact of the increasing use of metarami-
nol in critical care. One of the large units in this survey
reported that the total cost of metaraminol exceeded
that of norepinephrine in the 2018-2019 financial year
(£43,717 v £29,662), making it the 4™ most expensive
drug used in that unit. Costs are likely to be significant
once extrapolated to the wider NHS level. It is possible
that some of that cost of using metaraminol could po-
tentially be offset by the reduced use of central venous
catheters (CVC). However, often CVCs are inserted for
multiple reasons beside the use of vasopressors or ino-
tropes; thus, the use of peripheral vasopressor may not
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necessarily produce significant reduction in the use of
CVCs.

The extent of metaraminol use, lack of evidence and
potential financial impact on critical care budgets war-
rant further research. We only need to look to a similar
agent phenylephrine where, despite biological plausi-
bility, studies indicated potential harmful outcomes
when this was used in critically unwell patients [39].
Additionally, in recent clinical trials, some of the newer
vasopressors such as selepressin failed to produce ex-
pected clinical benefit [6].

Randomised controlled trials are needed to validate
the use and role of metaraminol in critically unwell pa-
tients. Our survey demonstrates significant heteroge-
neity of indications and uses of metaraminol such that
multiple questions arise, for example, what is the role
of peripheral vasopressors in ICU and how do they fare
against centrally administered agents for patient relat-
ed outcomes. Metaraminol has been used widely in our
centre for well over a decade, with increasing incidence
of it’s use as a first line vasopressor. While this is in line
with national trends demonstrated in our survey, it is
worth noting that variability in practice is notably not
only amongst institutions, but also amongst intensive
care physicians working on the same unit. In our opin-
ion this would indicate a sufficient degree of equipoise
amongst medical professionals to make a randomised
controlled trial ethically feasible. Our survey has iden-
tified clinical trends but was not designed to highlight
specific patterns or look at outcomes. It is unclear
which indications would attract sufficient equipoise to
enable a well-designed, clinically relevant and applica-
ble randomised trial. We suggest that further research
should start with a prospective observational multi-
centre study, which would allow to gain quantitative
information on vasopressor use. This would allow re-
searchers to formulate hypotheses and trial questions
for randomised studies in the future.

B CONCLUSIONS

Metaraminol was the 1% line vasopressor in a repre-
sentative sample of UK critical care units. We identi-
fied no randomised trials describing clinical outcomes
of metaraminol use, meaning the benefits and risks
of this treatment are uncertain. Further observational
studies and prospective randomised controlled trials
are warranted to inform evidence-based practice for
patient benefit.
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