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Abstract

Background: Peripheral norepinephrine enables timely vasopressor initiation, but local 
safety remains uncertain. This rapid review mapped administration practices and local ad-
verse events in critically ill adults. Methods: Following Joanna Briggs Institute and Cochrane 
rapid review guidance and PRISMA 2020 (OSF: 10.17605/OSF.IO/6VH9E), PubMed, MED-
LINE Complete and CINAHL Complete were searched through 22 August 2026 (PubMed 
re-run with corrected syntax within this limit). Included syntheses were citation-searched. 
Short peripheral intravenous and midline catheters were analysed separately; peripherally 
inserted central catheters were classified as central access. Results: Thirty-nine sources were 
included (27 primary studies, seven syntheses, five normative documents); three reports 
were unavailable. In 14 norepinephrine-specific reports using short peripheral catheters, 
source-defined extravasation or infiltration occurred in 0–5.6% of patients or infusions, 
and with midline catheters in one of 472 episodes; composite local events were analysed 
separately. Serious injury was inconsistently assessed; one fasciotomy occurred among 
3734 patients in a mixed-agent cohort. Confidence was low to very low for all outcomes. 
Conclusions: Observational evidence suggests that peripheral norepinephrine is feasible 
in selected critically ill adults under structured monitoring and extravasation-response 
protocols, with infrequent, mostly minor events, but does not establish comparative safety 
or universal concentration, dose or duration limits.

Keywords: norepinephrine; catheterisation; peripheral; vasoconstrictor agents; extravasation 
of diagnostic and therapeutic materials; patient safety; critical care; critical illness

1. Introduction
Norepinephrine is the first-line vasopressor recommended for the treatment of septic 

shock [1]. Because errors in its preparation or administration may have severe consequences, 
it is also included in the list of high-alert medications of the Institute for Safe Medication 
Practices [2].

Norepinephrine has traditionally been administered through a central venous catheter 
(CVC), largely because of concern about extravasation, ischaemia and tissue injury. However, 
central access is invasive, may cause mechanical, thrombotic and infectious complications, 
and may delay the start of vasopressor support [1,3,4].

The 2026 Surviving Sepsis Campaign (SSC) guidelines suggest starting vasopressors 
peripherally when waiting for central venous access would delay restoration of mean arterial 
pressure. This recommendation applies to adults with septic shock, is conditional, and is 
based on evidence of very low certainty [1].
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Peripheral use of vasopressors, predominantly norepinephrine in the available cohorts, 
has been studied in intensive and intermediate care, emergency departments and resource-
limited settings. In general, studies have reported low frequencies of extravasation in cohorts 
managed under protocols that include access selection, confirmation of patency and regular 
monitoring [5–12], although not all of them report outcomes attributable specifically to 
norepinephrine, and these observational designs do not establish that individual protocol 
components prevent injury.

Several systematic reviews have summarised the literature and reported low pooled 
frequencies of extravasation and of other serious complications [4,13–16]. However, they 
combine different vasoactive agents, short peripheral catheters, midline catheters and, 
in some cases, centrally positioned catheters, as well as studies published over several 
decades; the underlying evidence is largely observational, and studies differ in population, 
concentration, dose, infusion duration and the definition of adverse events [3,4,13,17]. 
Beyond extravasation, complications such as infiltration, phlebitis, thrombosis, infection, 
ischaemia and tissue injury have been described [13,18].

Guidance documents and institutional protocols aim to reduce these risks through 
appropriate vessel selection, use of a dedicated line, frequent assessment of the insertion 
site and pre-defined management of extravasation [17,19–22].

Despite these common elements, differences persist regarding catheter site and gauge, 
concentration, dose, duration of administration, monitoring frequency and the timing of 
transition to central access. For this reason, thresholds defined by an individual service 
should be understood as local decisions rather than universal recommendations [3,4,13,20].

It is therefore important to bring together the available evidence and to analyse the 
findings of primary studies, reviews and normative documents separately. This separation 
makes it possible to identify the most frequently recommended practices, to recognise 
areas of persisting uncertainty, and to avoid presenting local protocols as universal recom-
mendations. It is equally necessary to distinguish evidence that is directly attributable to 
norepinephrine from evidence derived from cohorts exposed to several vasoactive agents, a 
distinction that is rarely made explicit in the existing literature.

Recent syntheses are particularly relevant. Fernández-Ginés et al. [3] addressed pe-
ripheral norepinephrine specifically, but synthesised the evidence narratively and had 
limitations in its search and appraisal methods; Chen et al. [17] summarised the best 
available evidence on the management of vasopressors through peripheral catheters, pro-
ducing operational recommendations without event frequencies; Wu et al. [13] pooled 
extravasation, thrombosis and infection across vasopressors and across short peripheral 
catheters, midlines and peripherally inserted central catheters (PICCs); and ZhangJian 
et al. [16] pooled 49 studies of peripheral vasopressors, with subgroup estimates by agent 
and catheter type. The present review does not seek to produce a further pooled estimate. 
Instead, it adds four elements: (i) an outcome-level separation of norepinephrine-specific 
from mixed-agent evidence, reporting for each outcome the exposed denominator, the unit 
of analysis and the 95% confidence interval (CI); (ii) separate analysis of short peripheral 
and midline catheters, with PICCs treated as central access; (iii) a structured assessment of 
confidence in key safety findings and a mapping of overlap between reviews; and (iv) a 
mapping of the practices recommended in normative documents, appraised separately so 
that local thresholds are not presented as universal limits.

Accordingly, this rapid review addresses the following question: in critically ill adults 
receiving norepinephrine through peripheral venous access, what practices, conditions 
of administration and monitoring measures are used, and what local adverse events are 
reported? The objective is to identify and synthesise those practices, conditions and moni-
toring measures and to describe the local adverse events reported, distinguishing evidence 
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attributable to norepinephrine from evidence derived from mixed-agent cohorts, and evi-
dence from short peripheral catheters from that from midline catheters.

2. Materials and Methods
2.1. Design and Methodological Guidance

This study is a rapid review, a form of evidence synthesis in which components of 
the systematic review process are simplified or omitted to produce evidence in a shorter 
time [23]. It followed the JBI principles of rigour, transparency and applicability [24,25], 
with adaptations supported by Cochrane rapid review guidance [23], without claiming 
full conformity with a Cochrane review. Reporting followed PRISMA 2020 [26]. A rapid 
approach was chosen because the review was intended to inform clinical practice within a 
limited time frame and with limited resources.

The steps abbreviated relative to a full systematic review were the restriction of search-
ing to three databases, without Embase, the Cochrane Library or trial registries; date (from 
2016) and language restrictions; use of a full-text limiter in the two EBSCOhost databases; 
searches for normative documents that were only partly documented; and a structured, 
GRADE-informed judgement of confidence instead of a full GRADE assessment. Screening, 
full-text assessment, data extraction and critical appraisal were not abbreviated and were 
performed independently by two reviewers. These adaptations were defined in the protocol, 
except where identified as amendments (Section 2.2 and Table S10).

The review was designed as a rapid systematic review of primary evidence, comple-
mented by a structured mapping of evidence syntheses and normative documents. Because 
these source categories answer different questions, each was given a distinct role (Figure 1). 
Primary studies formed the core synthesis of local adverse events and of the practices 
observed. Evidence syntheses were used as contextual evidence—for comparison with pre-
vious pooled estimates and for citation searching—but their estimates were not combined 
with primary data or used as independent corroboration. Normative documents were used 
only to map recommended practices, which are reported as context-dependent practices 
rather than as evidence of effectiveness.

2.2. Protocol Registration
The protocol was registered with the Open Science Framework as version 1.1 of 26 

August 2026 and updated to version 1.2 of 16 September 2026, which consolidates the 
amendment log (https://doi.org/10.17605/OSF.IO/6VH9E). Registration took place af-
ter the search and selection of documents had been completed, but before formal data 
extraction, critical appraisal and synthesis; it was therefore retrospective with respect to 
searching and selection, and prospective with respect to the subsequent stages. Version 
1.1 described selection as having been conducted by a single reviewer. Selection had in 
fact been carried out independently by two reviewers, with disagreements resolved by 
discussion, so version 1.2 corrects the registered description of a stage that was already 
complete rather than recording a later change in procedure. Data extraction and critical 
appraisal, undertaken after registration, were likewise performed independently by two 
reviewers, which strengthens the method initially described. Both points are recorded in 
the amendment log (Table S10). Several eligibility and analysis decisions were made or 
specified after study selection, and some during peer review (Section 2.4). Because they 
were taken with knowledge of the candidate studies, these decisions and the retrospective 
registration are potential sources of bias; their influence was examined, where possible, in 
a sensitivity assessment (Section 3.7.5) and is discussed in Section 4.4. The protocol was 
updated to version 1.3 to record Amendments 6–11, and to version 1.4 to record Amendment 
12, made during the second round of peer review (Table S10).
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Figure 1. Structure of the review: role of each source category and its contribution to the conclu-
sions. NE, norepinephrine; PICC, peripherally inserted central catheter; PIVC, peripheral intra-
venous catheter.

2.3. Review Question and PCC Framework
The review question and eligibility criteria were structured according to the PCC 

model—population, concept and context—as appropriate for a broad question addressing 
practices, safety conditions and different types of sources [24]; its elements are presented 
in Table 1.

Table 1. PCC structure of the review question.

Element Definition

Population Adults (≥18 years) who are critically ill.

Concept Practices, safety conditions and local adverse events in the administration of norepinephrine through peripheral 
venous access (short peripheral intravenous catheter or midline catheter).

Context Intensive and intermediate care, emergency and urgent care, resuscitation and prehospital emergency care.

2.4. Eligibility Criteria
For the purposes of this review, peripheral venous access was defined as a device 

inserted into, and terminating in, a peripheral vein: the short peripheral intravenous catheter 
(PIVC) and the midline catheter. These two devices differ in length, insertion technique, 
dwell time and tip position—the tip of a midline catheter lies in an upper-arm vein at or 
below the level of the axilla—and have different risk profiles; they were therefore analysed 
separately throughout the synthesis, and results combining both devices were reported as 
such. The PICC was not considered peripheral access: when its tip is centrally positioned, the 
infusion is central, irrespective of the peripheral insertion site. Results obtained exclusively 
through PICCs were excluded, and estimates that pooled PICCs with peripheral devices 
were retained only as clearly identified contextual evidence. This definition was corrected 
during peer review (Table S10, Amendment 6), replacing an earlier definition that had 
included PICCs; the correction did not change the set of included sources.
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Three distinct categories of normative document were considered and treated sepa-
rately throughout the article: international guidelines issued by scientific societies, clinical 
guidance issued by professional societies, and institutional protocols of local scope.

With respect to the drug, the criterion was operationalised at two levels after data 
extraction (Table S10, Amendment 4), and its quantitative threshold was specified during 
the peer review (Amendment 7). Studies in which only norepinephrine was administered 
peripherally, or in which events were reported by agent or by treatment group or explicitly 
attributed to patients receiving norepinephrine, were included as norepinephrine-specific 
evidence. In the absence of such separation, studies in which norepinephrine was the pre-
dominant agent—defined as more than 50% of exposed patients receiving norepinephrine, 
as reported by the source—were included and classified as indirect evidence. This threshold 
corresponds to a simple majority; it was chosen on that conceptual basis rather than derived 
from the event rates of the candidate studies, but because it was specified after those rates 
were known, its influence was examined in a sensitivity assessment (Section 3.7.5). Studies 
were excluded when norepinephrine accounted for 50% or less of the exposure, or when the 
agent infused through the peripheral catheter could not be established, and events were not 
reported by the agent. The criterion was applied to every mixed-agent cohort assessed in 
full text, including those identified during the revision (Section 3.3). The eligibility criteria 
are summarised in Table 2. Decisions made or modified after study selection, and their 
potential influence, are summarised in Table 3.

Table 2. Inclusion and exclusion criteria.

Domain Inclusion Exclusion

Population Critically ill adults; adult data separable in 
mixed samples.

Exclusively paediatric or neonatal populations; 
non-separable adult data; samples admitting 
participants under 18 years without separable results.

Drug

Norepinephrine; multi-vasopressor studies in which 
events are separable by agent (norepinephrine-specific 
evidence), or in which norepinephrine is the 
predominant agent (>50% of exposed patients; 
indirect evidence).

Other vasopressors with no identification of 
norepinephrine exposure; studies in which 
norepinephrine accounts for ≤50% of the exposed 
cohort, or in which the agent infused peripherally 
cannot be established, and events are not reported by 
agent (criterion specified post hoc; Table S10).

Route
Peripheral venous access: short PIVC or midline 
catheter (tip in a peripheral vein), analysed separately; 
protocols for peripheral initiation and transition.

Central venous administration, including PICCs and 
other centrally positioned catheters; PICC-only results; 
intraosseous or arterial administration. Estimates 
pooling PICCs with peripheral devices: contextual 
evidence only.

Outcomes Safety, infiltration, extravasation, tissue injury, catheter 
failure, monitoring and incident response.

Haemodynamic efficacy without data on the safety of 
the peripheral route.

Context Critical, intensive or intermediate care, emergency and 
urgent care, shock or critically ill patients.

Outpatient, home or non-critical settings without 
applicability.

Source type
Primary studies; systematic reviews and evidence 
syntheses; normative documents in the three 
categories defined above.

Study protocols without results; editorials, abstracts or 
materials without substantiated recommendations.

Period and 
language

January 2016 to 22 August 2026 (publication date limit, 
retained in the corrected PubMed re-run of 16 October 
2026); Portuguese, English or Spanish. Primary 
studies identified through citation searching had to 
meet the same criteria.

Outside the period or in other languages.
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Table 3. Decisions made or modified after study selection and their potential influence.

Decision Protocol (Planned) Modification and Timing Potential Influence and How It Was 
Examined

Protocol 
registration

Registration before the 
review stages

Registered on 26 August 2026, after 
searching and selection and before 
extraction, appraisal and synthesis

Selection decisions not protected by 
registration; all subsequent changes 
recorded in the amendment log 
(Table S10)

Number of 
reviewers at 
selection

Version 1.1 described a 
single reviewer

Corrected in version 1.2: selection had 
been performed by two independent 
reviewers (Amendment 5)

Correction of the registered 
description; no change in procedure

Mixed-agent 
cohorts

Norepinephrine; no 
rule for cohorts 
exposed to several 
agents

Two-level criterion after data extraction 
(Amendment 4); threshold of >50% 
specified during peer review 
(Amendment 7)

Determined the inclusion of nine 
indirect studies and the exclusion of 
four [27–30]; criterion applied to all 
mixed cohorts (Section 3.3); 
sensitivity assessment (Section 3.7.5)

Definition of 
peripheral access

Short PIVC, midline or 
PICC

PICC reclassified as central access; short 
PIVC and midline analysed separately 
(peer review; Amendment 6)

No source added or removed; pooled 
PICC-inclusive estimates [13] treated 
as contextual only

Outcome data 
items

Complications, 
monitoring and 
response

Unit of analysis, definitions, surveillance, 
follow-up and exposure time added (peer 
review; Amendment 8)

Re-extraction from full texts by two 
reviewers (Table S17)

Search and 
retrieval

Searches of 22 August 
2026; reference 
screening

PubMed search re-run on 16 October 2026 
with corrected syntax and the original 
date limit; systematic citation searching 
of all included syntheses; further retrieval 
attempts, including contact with authors 
and a co-author’s institutional access 
(peer review; Amendments 9 and 10)

21 primary studies and three 
syntheses added; three reports not 
retrieved (Section 4.4)

Confidence in 
findings Not specified Structured GRADE-informed assessment 

added (peer review; Amendment 11)

Ratings and their justification 
reported in Section 3.8; revised under 
Amendment 12

Outcome 
classification and 
imprecision

Local events as 
reported; imprecision 
not specified

Composite or nonspecific local events 
separated from source-defined 
extravasation or infiltration; imprecision 
judged from study-level CIs against 5% 
and 10% limits (second peer review; 
Amendment 12)

Two overlapping reports [31,32] 
moved to a separate category without 
changing the range of extravasation 
or infiltration; confidence for one 
outcome depends on the limit chosen 
(Section 3.8)

PICC, peripherally inserted central catheter; PIVC, peripheral intravenous catheter. Dates, reasons 
and the version of the protocol affected by each amendment are given in Table S10.

2.5. Information Sources and Search Strategy
Final searches were conducted on 22 August 2026 in PubMed, MEDLINE Complete 

and CINAHL Complete. PubMed was searched through its native interface; MEDLINE 
Complete and CINAHL Complete were searched through EBSCOhost. Indexed and free-
text terms relating to norepinephrine or vasopressors and to peripheral administration were 
combined. The main combination comprised the norepinephrine/vasopressor and periph-
eral administration blocks. A focused combination additionally applying the population 
and context blocks was also run; because it is a subset of the main combination within each 
database, it served only as a check on retrieval and contributed no additional unique records. 
Safety and context blocks were documented but not required in the main combination to 
reduce the risk of missing relevant studies. No paediatric exclusion block was applied; this 
exclusion was performed during screening. In each database, filters for publication date 
(1 January 2016 to 22 August 2026) and language (Portuguese, English or Spanish) were 
applied; in MEDLINE Complete and CINAHL Complete, the EBSCOhost full-text limiter 
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was also applied. This limiter restricts retrieval to records with full text available through 
EBSCOhost and may have excluded eligible records, particularly nursing studies indexed in 
CINAHL Complete; the PubMed search, to which it was not applied, and citation searching 
reduce this risk but cannot establish that no eligible study was excluded (Section 4.4). The 
exact executed strings, field codes and filters are presented in Tables S1–S3.

During peer review, two eligible studies that were missing from the review were 
brought to our attention: one had not been retrieved by the original strategy [10], and the 
other had been retrieved in August but excluded in error at title and abstract screening [16]. 
The PubMed search was therefore re-executed on 16 October 2026 with the same limits, using 
the strategy in Tables S1 and S5 after correction of formatting errors found in the strategy as 
reported (typographic quotation marks, phrases without quotation marks and inconsistent 
hyphenation). The main combination retrieved 458 records without filters (456 in August 
2026) and 152 with filters (150 in August 2026); the two additional records were screened 
in the same way. Restricting the re-run search to records added to PubMed after 22 August 
2026 returned no records, indicating that the additional records were retrieved because of 
the corrected syntax rather than new indexing; one of them was Medlej et al. [10]. Because 
the re-run retained the publication date limit of 22 August 2026, it corrected the August 
search rather than extending it; the eligibility window of the review ends on 22 August 2026 
for all searches, including citation searching, and no primary study or evidence synthesis 
published after that date was included. MEDLINE Complete and CINAHL Complete were 
not re-searched, which is acknowledged as a limitation (Section 4.4).

The 2016 start date was chosen to capture contemporary practice—current infusion 
technology, vascular access devices and the protocol-based approach recommended in 
recent guidance—within the time constraints of a rapid review. Primary studies published 
before 2016 were not eligible, including those identified through the included systematic 
reviews (Section 2.10).

PubMed and MEDLINE Complete overlap substantially. PubMed was searched to 
capture records not yet indexed, or not indexed, for MEDLINE (in-process, ahead-of-print 
and PubMed Central-only records), whereas MEDLINE Complete was searched through 
EBSCOhost to apply subject-heading strategies consistent with CINAHL Complete, which 
was included for its coverage of the nursing literature on infusion and vascular access 
practice. The resulting overlap was handled by de-duplication (Section 2.7). Embase, the 
Cochrane Library and multidisciplinary citation databases were not searched; this restriction 
is acknowledged as a limitation (Section 4.4) and was partly mitigated by citation searching 
of the included syntheses.

2.6. Supplementary Searching and Grey Literature
Complementary searches for normative documents were conducted on the websites of 

the Intensive Care Society, the Portuguese Directorate-General of Health and the NSW 
Agency for Clinical Innovation on 22 August 2026, using the terms “peripheral nora-
drenaline”, “peripheral norepinephrine”, “peripheral vasopressor” and “extravasation”, 
together with their Portuguese equivalents, and on the website of the Society of Critical 
Care Medicine/Surviving Sepsis Campaign on 26 August 2026. Between 22 and 26 August 
2026, targeted searches of professional-society and institutional websites and of reference 
lists were also performed, through which the three institutional protocols were identified. 
The documents were retrieved from the websites of the issuing organisations [19–22] or 
from their journal publication [1]. The number of results screened on each website was 
not recorded and the targeted searches were not documented in detail, so this step is only 
partly reproducible, which is acknowledged as a limitation (Section 4.4). Five normative 
documents were included: the international Surviving Sepsis Campaign 2026 guideline, 
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the guidance of the Intensive Care Society, and three institutional protocols of the National 
Health Service (NHS), issued by the Royal Cornwall Hospitals NHS Trust, the Glouces-
tershire Hospitals NHS Foundation Trust and the Worcestershire Acute Hospitals NHS 
Trust [1,19–22].

Normative documents were considered eligible when they presented institutional 
authorship, an identifiable date or version, relevant operational recommendations and a 
scientific rationale. They were extracted and presented separately from primary studies 
and reviews and were not used in the calculation of adverse event frequencies.

The reference lists of the included sources were screened for additional primary studies. 
In response to the peer review, this citation searching was repeated systematically for all 
seven included evidence syntheses, including the 49 studies included by ZhangJian et al. [16]. 
Candidate studies were screened against the eligibility criteria of Table 2; studies already 
assessed through the database searches were not counted again, and studies published 
before 2016, conducted in other populations or settings, or addressing other agents only 
were excluded at this stage. The candidates screened, with the reason for each exclusion, 
are listed in Table S8.

2.7. Reference Management and Selection
All six filtered result sets of August 2026—the main and the focused combinations in 

each of the three databases (381 records; Table S4)—were exported to Rayyan (web appli-
cation; https://www.rayyan.ai, accessed on 18 October 2026), where de-duplication was 
performed and eligibility decisions were recorded [33]. Because the focused combination is 
a subset of the main combination within each database, its 114 (63 in PubMed, 12 in MED-
LINE Complete and 39 in CINAHL Complete) duplicated records were already retrieved 
by the main combinations and were removed as within-database duplicates; the remaining 
36 duplicates were records retrieved by more than one database, mainly PubMed and 
MEDLINE Complete. Potential duplicates were flagged by the Rayyan duplicate-detection 
function and confirmed manually before removal, leaving 231 unique records, to which 
the two additional records of the corrected PubMed re-run were added. Title and abstract 
screening and full-text assessment were performed independently by two reviewers, with 
disagreements resolved by discussion. Reasons for full-text exclusion were recorded, and 
reports that could not be obtained were classified separately as reports not retrieved. Full 
texts were sought through institutional subscriptions, the university library, b-on, Google 
Scholar, the RCAAP repository, the Cochrane Library, open-access repositories and publish-
ers’ websites; during the peer review, unretrieved reports were sought again, corresponding 
authors were contacted by e-mail and, where no address was available, requests were made 
through ResearchGate; during final verification, all reports still unretrieved were checked 
for open-access copies in OpenAlex (web database; https://openalex.org, accessed on 18 
October 2026), an open bibliographic index, and two further reports were obtained through 
the institutional access of a co-author. Each attempt and its outcome is recorded in Table S6.

2.8. Data Extraction
Data extraction was performed independently by two reviewers, with disagreements 

resolved by discussion, using a form that was piloted on the first sources and adjusted before 
being applied to the remaining documents. Information was extracted on identification, 
design, population, context, vascular access, concentration, dose, duration, monitoring, 
complications, incident response and transition criteria. Sources added during the revi-
sion were extracted with the same form. The completed extraction dataset is provided as 
Supplementary File S2.
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The form included a dedicated norepinephrine specificity field, recording the propor-
tion of the sample exposed to the drug, whether separable results were available (yes or 
no), the applicable specific denominator, and attribution of the event to norepinephrine 
(yes, no or uncertain). Data were confirmed in the full text and recorded with an indication 
of the corresponding page, table or section. Where information was unavailable, it was 
recorded as “not reported”. For each local adverse event, the device (short PIVC or midline 
catheter), the unit of analysis (patient, infusion, episode or catheter), operational definition 
and grading system, surveillance frequency, observation period after the end of infusion, 
missing or incomplete assessments, exposure time and any exposure-adjusted estimate 
were also extracted (Tables S17 and S18); these items were added during the peer review 
(Table S10, Amendment 8). The complete form is presented in Table S9.

2.9. Critical Appraisal
Primary studies were appraised with the JBI Critical Appraisal Checklist for Cohort 

Studies and evidence syntheses with the JBI Critical Appraisal Checklist for Systematic 
Reviews and Research Syntheses (both in their 2020 versions) [34]; the wording of each 
question is given in Tables S12–S14. The Surviving Sepsis Campaign 2026 guideline was 
appraised with AGREE II [35]. The Intensive Care Society guidance and the three insti-
tutional protocols were appraised with the JBI Critical Appraisal Checklist for Textual 
Evidence: Policy/Consensus Guidelines [36]. The single randomised trial, which allocated 
the timing of CVC insertion in participants who all started norepinephrine peripherally, 
was appraised with the cohort checklist because only the frequency of local events among 
exposed participants was extracted [37].

Critical appraisal was performed independently by two reviewers, with item-by-item 
justification and disagreements resolved by discussion. Consistent with JBI guidance, results 
are presented item by item, without conversion into aggregate scores or application of cut-
off values, since these are not validated. No source was excluded on the basis of critical 
appraisal; judgements were used to weigh confidence, applicability and currency. Detailed 
results are presented in Tables S12–S14. For AGREE II, the two appraisers rated each item 
independently and agreed on the rating of every item, from which scaled domain scores 
were calculated (Table S15).

Confidence in key safety findings was assessed at the outcome level by two reviewers, 
using a structured judgement informed by the GRADE domains—risk of bias, inconsistency, 
indirectness, imprecision and missing evidence (publication or reporting bias)—adapted 
to a synthesis without pooled estimates (Section 3.8). Imprecision was judged from the 
study-level 95% CIs rather than from combined denominators, and a central comparator 
was required only for the comparative question (Section 3.8).

2.10. Synthesis
A narrative synthesis supported by tables and figures was performed, structured by 

source category (Figure 1). Primary studies formed the core synthesis. Evidence syntheses 
were presented separately from the primary studies, and their pooled estimates were neither 
combined with primary data nor used as independent corroboration, because they share 
primary studies with one another and with the present review (Table S19) and include 
studies published before 2016, other agents and, in one case, PICCs. Normative documents 
were analysed separately and used only to map recommended practices. Meta-analysis 
was not performed because of differences in populations, agents, devices, surveillance and 
definitions of adverse events, and because pooling rare-event proportions from uncontrolled 
cohorts with different exposure times would produce an estimate of spurious precision.
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Results were organised according to the characteristics of vascular access, concentration, 
dose, duration, patency, monitoring, local complications, risk factors, incident response, 
antidotes, local measures and criteria for placement of central venous access.

In studies including multiple vasopressors, quantitative results were attributed specifi-
cally to norepinephrine only where the source allowed both the administered agent and 
the corresponding event to be identified. In all other cases, results were presented as indi-
rect evidence on peripheral administration of vasopressors, with explicit indication of the 
denominator used by the original source.

Outcomes were synthesised separately by device and by outcome: patient-, infusion- 
or episode-level extravasation or infiltration was kept separate from catheter-level phlebitis 
and from thrombotic and infectious complications. Events were counted as extravasation or 
infiltration only when the source defined or labelled them as such; composite or nonspecific 
local events whose components could not be separated (for example, a single category 
of irritation, infiltration or phlebitis) were reported in a separate category and were not 
counted as extravasation (Table S10, Amendment 12). For each proportion, the exposed 
denominator and an exact (Clopper–Pearson) 95% CI recalculated by the reviewers from 
the reported counts are presented for every study; where a source reported a proportion 
or CI obtained with another method, the source value is given separately and labelled as 
reported. Where a source distinguished confirmed from possible events, both are reported. 
Exposure-adjusted rates are reported as supplied by the sources, and proportions were not 
compared directly across studies with markedly different infusion durations.

Older evidence and overlapping populations were handled as follows. A primary 
study identified through an included synthesis entered the core synthesis only if it met all 
eligibility criteria, including publication in or after 2016; older studies therefore contributed 
only through the pooled estimates of the syntheses, which were reported as contextual 
evidence. Where several reports described the same cohort, the most complete report 
was used and the cohort was counted once; the pilot and post-implementation reports 
of one programme [31,32], which cover different but overlapping periods with their own 
denominators, were analysed as two studies, and their overlap is stated wherever they are 
used (Section 3.1). Overlap of primary studies across the included syntheses was mapped 
(Table S19). A sensitivity assessment examined whether the conclusions changed under 
alternative decisions on attribution, the predominance threshold, the inclusion of possible 
events and device type.

3. Results
3.1. Selection of Sources

The database searches of August 2026 identified 381 records, including 114 records 
from the focused combinations that duplicated records retrieved by the main combinations 
(Section 2.7), and the corrected PubMed re-run identified two additional records. After 
removal of 150 duplicates, 233 records were screened by title and abstract and 204 were ex-
cluded. Twenty-nine reports were sought for retrieval; three were not retrieved and 26 were 
assessed for eligibility. Six were excluded: three narrative reviews, one conference abstract, 
one study that admitted participants aged 16–17 years without separable data [38] and one 
mixed-agent cohort in which norepinephrine accounted for 41% of the exposure without 
events reported by the agent [27], under the drug criterion specified after data extraction 
(Table S10). Twenty reports from the databases were included. Through other methods, 
five normative documents were identified on the websites of issuing organisations, and 
citation searching of the included syntheses identified 36 records not previously assessed, 
of which 19 were sought and retrieved in full text; 14 were included and five were excluded: 
one because it included participants younger than 18 years without separable data, two 
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because exposure to norepinephrine was not quantified and the results of patients receiving 
vasopressors were not reported by the agent [29,30], one because norepinephrine was a 
minority agent among patients who received peripheral vasopressors only and the agent 
infused peripherally was not reported for the remaining patients [28], and one because it 
estimated the potential avoidance of central venous catheters from the dose and duration 
data without evaluating peripheral administration or reporting local events [39]. Two of 
the included reports described the same peripheral vasopressor programme, a three-month 
pilot [31] and a 12-month post-implementation cohort [32]; because they are separate 
publications with their own denominators, they were analysed as two studies, but their 
periods overlap, so some patients are probably included in both and the two estimates are 
not independent. In total, 39 sources were included (27 primary studies, seven syntheses 
and five normative documents), and three reports were not retrieved (Figure 2). The reports 
not retrieved, with the retrieval attempts made for each, and the full-text exclusions, with 
reasons, are listed in Tables S6 and S7.

Figure 2. PRISMA 2020 flow diagram of the identification and selection process. * All filtered 
results of the main and focused search combinations were exported; focused-combination records 
duplicated those of the main combinations (Section 2.7). † Records from the reference lists of the 
included syntheses not previously assessed; candidates and reasons for exclusion are listed in Table S8. 
‡ Including the five normative documents identified on the websites of issuing organisations. PIVC, 
peripheral intravenous catheter.
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3.2. Characteristics of the Included Sources
The 34 scientific publications comprised 27 primary studies, with data collected di-

rectly from participants, and seven evidence syntheses. The primary studies were published 
between 2017 and 2026 and were conducted in intensive, intermediate and cardiac care 
units, emergency departments and, in one low-resource hospital without an intensive care 
unit, the emergency department and medical ward [40]. They came from the United States 
(n = 14), Australia and Sweden (n = 2 each), India, Singapore, Japan, Ethiopia, Lebanon, 
Italy, Israel and Uganda (n = 1 each), and one was multinational [41] (Table 4). Nine 
were prospective cohorts, 14 were retrospective cohorts, three were secondary analyses 
of prospective studies or trials [6,18,41] and one was a randomised feasibility trial [37]; 
eight were multicentre [6,8,18,41–45]. None randomised patients to peripheral or cen-
tral administration: the trial randomised the timing of CVC insertion (within 4 h or after 
12 h) in patients who all started norepinephrine peripherally [37]. Six studies compared 
patients according to the route of initiation [6,41,44–47], one compared peripheral nore-
pinephrine with peripheral metaraminol [48], and two compared periods before and after 
implementation of a peripheral vasopressor protocol, one recording local events only after 
implementation [32] and one in both periods [49]. The five normative sources comprised 
one international guideline, one professional society guidance document and three NHS 
institutional protocols.

Eighteen primary studies reported local events attributable to norepinephrine: in eight, 
only norepinephrine was administered peripherally [9,12,40,43,50–53]; in seven, events 
were reported by agent or by treatment group [11,18,31,32,42,48,49]; and in three, the 
source stated that all events occurred in patients receiving norepinephrine [5,7,10]. In 
Goh et al. [5], this allowed a norepinephrine-specific denominator (180 exposed patients) 
to be applied; because co-administration of other vasoactive agents in the two patients 
with events is not reported, this attribution should be interpreted with caution. In the 
remaining nine, norepinephrine was the predominant agent (from 57.6% of exposed patients 
to the initial agent in all participants), but events were reported for vasoactive agents as 
a whole; these constitute indirect evidence [6,8,37,41,44–47,54]. The application of the 
predominance criterion to every mixed-agent cohort is shown in Table 5. Twenty-four 
studies used short PIVCs only, two used midline catheters only [43,54] and one included both 
without separating results by the device [6]; none reported administration through PICCs.

Table 4. Characteristics of the included primary studies, by attribution and device.

Study Design; Country; 
Setting

n (NE-
Exposed) Device; Gauge; Site

NE Concen-
tration, 
𝛍g/mL

Median 
Infusion 
Duration

No CVC, % 
(n/N)

Norepinephrine-specific evidence—short PIVC

Hallengren 
et al., 2017 [52]

Retrospective; Sweden; 
IMCU

91 (79 via 
PIVC) Short PIVC; NR NR 13 h 98.7% 

(78/79)

Medlej et al., 
2018 [10]

Prospective; Lebanon; 
ED 55 (50)

20G 50.9%, 18G 36.4%; 
antecubital 40%, 
hand 36.4%

32 13 h 76.4% 
(42/55) b 

Lewis et al., 
2019 [11]

Retrospective; USA; 
ICU and step-down 202 (146)

20G 74%, 22G 51%, 
18G 23%; forearm 72%, 
antecubital 54%, hand 
40% a 

16, 32 or 64 7.5 h 54.0% 
(109/202) b 

Padmanaban 
et al., 2020 [7]

Prospective 
consecutive cohort; 
India; ICU, ED, theatre

122 (118) 18G in 57%; external 
jugular 36.5% 40–80 9 h 68.0% 

(83/122) b 

https://doi.org/10.3390/ecm3040037

https://doi.org/10.3390/ecm3040037


Emerg. Care Med. 2026, 3, 37 13 of 37

Table 4. Cont.

Study Design; Country; 
Setting

n (NE-
Exposed) Device; Gauge; Site

NE Concen-
tration, 
𝛍g/mL

Median 
Infusion 
Duration

No CVC, % 
(n/N)

Nguyen et al., 
2021 [12]

Retrospective, NE-only 
protocol; USA; ED 177 (177)

18G 58.2%, 20G 25.4%; 
antecubital 68.4%, 
external jugular 9.0%

64 62 min 16.4% 
(29/177)

Messina et al., 
2021 [53] Retrospective; Italy; ED 127 (127)

At or above antecubital 
fossa or external 
jugular; NR

80 15 h e 
91.3% in 
the ED 
(116/127)

Ruchti et al., 
2021 [48]

Prospective QI cohort, 
NE vs. metaraminol 
groups; Australia; ICU

100 (50) Dedicated PIVC, 
ideally ≥18G 8 2 (IQR 

1–3) f 
76.0% 
(38/50)

Bima et al., 
2022 [40]

Prospective, historical 
controls; Uganda; ED 
and medical ward

12 (12)
Dedicated PIVC, 
usually 18G; gravity 
drip, no pump

4–8 g 15 h
NA (no 
CVC 
available)

Cape et al., 
2022 [50]

Prospective QI pilot, 
NE-only; USA; MICU

84 (84); 92 
infusions

18–20G; ≥2 PIVCs; 
≥5 cm above wrist 16 2.95 h

33.7% 
(31/92 
infusions)

Groetzinger 
et al., 2022 [51]

Pilot protocol, 
retrospective review; 
USA; MICU

87 (87) 18G in 53%; some 
ultrasound-guided 32 8.7 h 50.6% 

(44/87)

Marti et al., 
2022 [31] i 

Retrospective QI 
review of a 
three-month pilot; 
USA; three ICUs

79; 129 orders 
(67 NE)

Two PIVCs with brisk 
blood return required; 
NR

NR Mean 20 h 57.0% 
(45/79) b 

Fabick et al., 
2023 [49]

Retrospective pre–post 
implementation; USA; 
ICUs

3430; 1340 
with 
peripheral NE

18G 35–50%, 20G 
24–39%; antecubital 
32–35%, forearm 
22–35%, hand 7–14% a,l 

16 15.4 and 
14.3 h l 

36.2% and 
40.5% PIVC 
only b,l 

Yerke et al., 
2024 [9]

Prospective 
protocolised cohort; 
USA; MICU

635 (635)
Two PIVCs 20/22G 
above the wrist; 
ultrasound 49.8%

64 5.8 h 51.6% 
(311/603) c 

Dansereau 
et al., 2024 [32] i 

Retrospective pre–post 
implementation; USA; 
ICUs

250; 382 
adminis 
trations 
(227 NE)

Two PIVCs required; 
cephalic 70%, median 
cubital 21% of 
administrations

NR 14.2 h 58.4% 
(146/250) b 

Yasuda et al., 
2025 [18]

Post hoc analysis of a 
prospective cohort; 
Japan; 23 ICUs

1351 (70; 
91 PIVCs)

22–24G in 76.7%; 
forearm 48.4% 50 8.8 h NR

Zichichi et al., 
2025 [42]

Retrospective 
multicentre; USA; ICU 
and ED

198 (142)
20G 47.0%, 18G 35.9%; 
antecubital 31.3%, 
metacarpal 21.2% m 

16 10 h 55.6% 
(79/142)

Goh et al., 
2026 [5]

Prospective protocol 
implementation; 
Singapore; ED and ICU

217 (180) ≥20G; forearm or 
antecubital 40 3.3 h 41.9% 

(91/217) b 

Norepinephrine-specific evidence—midline catheter

Karlsson et al., 
2024 [43]

Retrospective, three 
IMCUs; Sweden

461 (461); 
472 episodes Midline catheter 40 21 h 79%
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Table 4. Cont.

Study Design; Country; 
Setting

n (NE-
Exposed) Device; Gauge; Site

NE Concen-
tration, 
𝛍g/mL

Median 
Infusion 
Duration

No CVC, % 
(n/N)

Indirect evidence (norepinephrine >50% of exposed patients)—short PIVC

Delaney et al., 
2020 [41]

Post hoc analysis of the 
ARISE trial; 51 centres, 
five countries; ED

389 PIVC 
initiations 
(75.3% initial 
agent)

Short PIVC; NR NR 1.3 h (pe-
ripheral)

7.5% 
(29/389)

Kilian et al., 
2022 [47] Retrospective; USA; ED 34 (85.3% first 

agent)

18/20G (standing 
order); antecubital or 
proximal 61.9%

NR NR 11.8% 
(4/34)

Asher et al., 
2023 [46]

Prospective; Israel; 
ICCU

108 PIVC 
(95.4%)

20G above the wrist in 
all NR 2.5 days h NR

Munroe et al., 
2024 [44]

Retrospective registry 
cohort; USA; 29 
hospitals; ED and ICU

594; 400 
peripheral 
(84.3% initial 
agent)

Short PIVC (midline 
excluded); NR NR NR 33.8% 

(135/400)

Petros et al., 
2025 [8]

Prospective 
multicentre; Ethiopia; 
ED and ICU

250 (57.6%) 18G in 58.8%; forearm 
42.4% NR 2.1 days NR

Ramanan et al., 
2025 [37]

Feasibility RCT of early 
vs. delayed CVC 
insertion; Australia; ED 
and ICU

40 (NE initial 
agent in all)

≥20G, preferably 18G; 
antecubital fossa or 
other large vein

NR 11.5–13 h j 60.0% 
(24/40) j 

Shyu et al., 
2025 [45]

Retrospective 
multicentre; USA; 10 
hospitals; ICU and ED

9493; 3734 
peripheral 
(88.5% initial 
agent)

≥22G; forearm or 
antecubital, not hand 
or wrist; ultrasound 
preferred

16 4.0 h k 24.8% 
(926/3734)

Indirect evidence—midline catheter or devices combined

Prasanna et al., 
2021 [54]

Retrospective; USA; 
ICU 248 (66.5%) Midline catheter 32 Mean 7.8 

days
88.3% 
(219/248)

Munroe et al., 
2025 [6]

Secondary analysis of 
the CLOVERS trial; 
USA; 60 hospitals

582; 490 
peripheral 
(94.9% initial 
agent)

Short PIVC or midline, 
not separated NR >6 h in 

68.0% 46.7% d 

Studies are ordered by year within each group; local events are presented in Section 3.7.4 and Table S17. 
Median duration refers to norepinephrine infusion where reported separately. a  Percentages of patients, 
as reported; more than one site or gauge per patient was possible. b  Whole cohort, including patients 
receiving other agents. c  Patients whose first norepinephrine exposure was peripheral. d  Patients 
alive at 72 h who received only peripheral vasopressors (249/533). e  Duration during the emergency 
department stay. f  Unit not stated in the source. g  One or two 2 mg vials of norepinephrine bitartrate 
in 500 mL. h  Summary statistic (mean or median) not stated. i  Pilot (December 2020–February 
2021) [31] and 12-month post-implementation cohort (December 2020–November 2021) [32] of the 
same programme, analysed as two studies; the periods overlap, so some patients are probably included 
in both. j  Median duration of vasopressor infusion in each arm (early and delayed CVC insertion); 
the proportion without a CVC depended partly on allocation (80%, 16/20, in the delayed-insertion 
arm). k  Time of peripheral infusion, all agents (reported as central line hours saved). l  Before and 
after protocol implementation, respectively; gauge and site for all peripheral lines, all agents. m  All 
agents (198 patients). ARISE, Australasian Resuscitation in Sepsis Evaluation; CVC, central venous 
catheter; ED, emergency department; ICCU, intensive cardiac care unit; ICU, intensive care unit; 
IMCU, intermediate care unit; MICU, medical ICU; NA, not applicable; NE, norepinephrine; NR, 
not reported; PIVC, peripheral intravenous catheter; QI, quality improvement; RCT, randomised 
controlled trial.
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3.3. Primary Studies
Table 5 shows how the drug criterion was applied to each primary study with more 

than one vasoactive agent.

Table 5. Application of the drug criterion to the primary studies with more than one vasoactive agent.

Study NE Exposure (Definition 
Used by the Source) Events Attributable to NE? Decision Classification

Padmanaban et al. [7] 96.7% (118/122 patients) Yes: single event in a patient 
on NE Included NE-specific

Medlej et al. [10] 90.9% (50/55 patients) Yes: all three events in 
patients on NE Included NE-specific

Goh et al. [5] 82.9% (180/217 patients)
Yes, with caution: both 
events on NE; 
co-administration NR

Included NE-specific

Lewis et al. [11] 72.3% (146/202 patients) Yes: events reported by agent Included NE-specific

Zichichi et al. [42] 71.7% (142/198 patients) Yes: events reported by agent Included NE-specific

Yasuda et al. [18] 91 of 3410 PIVCs Yes: phlebitis analysed in 
NE-exposed catheters Included NE-specific

Ruchti et al. [48] 50% (50/100; consecutive NE 
and metaraminol groups)

Yes: events reported by 
group Included NE-specific

Marti et al. [31] 51.9% (67/129 orders) Yes: events reported by agent Included NE-specific

Fabick et al. [49]

52.2% (1340/2569 peripheral 
exposures by agent; patients 
could receive more than one 
agent)

Yes: events reported by 
agent; events during 
co-administration reported 
separately

Included NE-specific

Dansereau et al. [32] 59.4% (227/382 
administrations) Yes: events reported by agent Included NE-specific

Munroe et al. [6] 94.9% (initial agent) No Included (>50%) Indirect

Asher et al. [46] 95.4% (103/108 PIVC patients) No Included (>50%) Indirect

Kilian et al. [47] 85.3% (first agent) No Included (>50%) Indirect

Prasanna et al. [54] 66.5%
No (the single extravasation 
occurred during NE; other 
events not by agent)

Included (>50%) Indirect

Delaney et al. [41] 75.3% (initial agent infused 
through the PIVC)

Not applicable: no local 
injury recorded Included (>50%) Indirect

Petros et al. [8] 57.6% No Included (>50%) Indirect

Ramanan et al. [37]

100% as initial agent (40/40); 
seven later received adrenaline 
and/or vasopressin, route not 
reported

No Included (>50%) Indirect

Munroe et al. 2024 [44] 84.3% (337/400) as initial agent No Included (>50%) Indirect

Shyu et al. [45] 88.5% (3303/3734) as initial 
agent No Included (>50%) Indirect

Marques et al. [27] 41% No
Excluded (≤50%; 
post hoc 
criterion)

Sensitivity 
assessment only

Stolz et al. [28]

Peripheral only: 38% (15/39); 
peripheral then central: agent 
infused peripherally not 
reported (155 patients)

No
Excluded (≤50% 
or not 
determinable)

Sensitivity 
assessment only
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Table 5. Cont.

Study NE Exposure (Definition 
Used by the Source) Events Attributable to NE? Decision Classification

Spiegel et al. [29]
Not reported (vasopressors 
through 119 of 403 midline 
catheters)

One event during NE; 
vasopressor subgroup not 
reported separately

Excluded 
(exposure not 
quantified)

Contextual 
mention only

Gershengorn et al. [30]
Not reported (vasopressors, 
including dobutamine, 
through 287 midline catheters)

No
Excluded 
(exposure not 
quantified)

Contextual 
mention only

Studies in which only norepinephrine was administered peripherally [9,12,40,43,50–53] are not in-
cluded in this table. Proportions are those reported by each source and refer to patients unless 
otherwise stated. NE, norepinephrine; NR, not reported; PIVC, peripheral intravenous catheter.

3.4. Reviews and Evidence Syntheses
The seven included evidence syntheses are characterised in Table 6.

Table 6. Characteristics of the included evidence syntheses (contextual evidence).

Synthesis Type; Search Period; 
Sources Agents and Devices NE-Specific 

Data? Main Findings

Tian et al., 
2020 [14]

Systematic review with 
meta-analysis; inception to 
February 2019; 7 studies, 
1382 patients

Vasopressors; short 
PIVC Partial

Extravasation 3.4% (95% CI 
2.5–4.7); no tissue necrosis or 
limb ischaemia reported

Tran et al., 
2020 [15]

Systematic review with 
meta-analysis; to February 
2020; 9 studies, 1835 patients

Vasopressors; short 
PIVC No

Complications 8.6% (95% CI 
3.1–21); lower in studies with a 
safety protocol (2.9%) than 
without (12%)

Owen et al., 
2021 [4]

Systematic review with 
meta-analysis; to October 
2019; 23 studies, 16,055 
adults

Mostly NE; 88% of 
reported catheters 
16–20G

Partial
Local events in adults 1.8% (95% 
CI 0.1–4.8; I2  = 93.7%); mostly 
mild; high heterogeneity

Fernández-Ginés 
et al., 2025 [3]

Systematic review; 
2013–2023; 83 articles, 
including 20 protocols

NE; heterogeneous 
parameters

Yes, in scope; 
narrative

Event frequencies generally 
2–5%; important methodological 
limitations

Chen et al., 
2025 [17]

Best-evidence summary; to 
June 2025; 12 sources, 29 
recommendations

Vasopressors; PIVC No

Preference for forearm, ≥20G, 
infusion pump and dedicated 
line; transferability 
context-dependent

Wu et al., 
2025 [13]

Systematic review with 
meta-analysis; to August 
2025; 19 studies, 6852 
participants

Vasopressors; short 
PIVC, midline and 
PICC aggregated

No

Extravasation 1.43%, thrombosis 
1.47%, infection 0.72%; PICC 
associated with more 
thrombosis; estimates include 
PICCs (contextual only)

ZhangJian et al., 
2026 [16]

Systematic review with 
meta-analysis; to December 
2025; 49 studies, 33,060 
catheters

Vasopressors; short 
PIVC and midline 
(PICC excluded)

Subgroup by 
agent

Minor adverse events 2.3% 
overall and 2.6% (95% CI 
1.4–4.7) for NE; venous 
thromboembolism 1.4% with 
midlines; one necrosis with short 
PIVCs; CVC avoided in 59.7%

Syntheses are ordered by year. Because a PICC with a centrally positioned tip provides central 
access, the pooled estimates of Wu et al. [13] are not estimates of peripheral administration. All 
syntheses include studies published before 2016 and agents other than norepinephrine, and they 
share primary studies (Table S19); their estimates were therefore not combined with primary data. CI, 
confidence interval; CVC, central venous catheter; NE, norepinephrine; PICC, peripherally inserted 
central catheter; PIVC, peripheral intravenous catheter.
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3.5. Normative Documents
The five normative documents and their main recommendations are characterised in 

Table 7.

Table 7. Characteristics and recommendations of the normative documents, by nature and level of 
transferability.

Document Nature and 
Transferability Access Dose and Duration Monitoring and 

Extravasation

Surviving Sepsis 
Campaign [1]

International scientific 
society guideline; high 
transferability, no 
technical parameters

Suggests peripheral 
initiation so as not to 
delay restoration of 
MAP; does not define 
gauge or site

Insufficient data to 
recommend dose or 
duration; 
norepinephrine first 
line in septic shock

Requires good-quality 
access, frequent 
monitoring and 
treatment of 
extravasation

Intensive Care 
Society [20]

Professional society 
guidance; moderate 
transferability, partly 
consensus-based

≥20G, arm proximal to 
the wrist, avoid flexion 
points; blood return 
and 5–10 mL flush; 
second PIVC

16 μg/mL; start at 
0.05 μg/kg/min; 
infusion pump; 
maximum and duration 
defined locally

Regular assessment; 
stop, aspirate 3–5 mL, 
remove, mark and 
elevate; transition 
decided locally

Royal Cornwall 
Hospitals NHS 
Trust [21]

Local institutional 
protocol; low 
transferability, requires 
local validation

≥20G in a good-flow 
forearm vein; second 
access; dedicated line

16 μg/mL; start at 0.05, 
up to 0.15 μg/kg/min 
while CVC is placed; 
review at 24 h; not 
routinely >48 h

Continuous ECG and 
SpO2 ; invasive blood 
pressure preferred; 
aspirate 3–5 mL; 
consider nitroglycerin 
or phentolamine

Gloucestershire 
Hospitals NHS 
Foundation Trust [19]

Local institutional 
protocol; low 
transferability, formal 
review overdue since 
2025

≥20G, proximal to the 
wrist, avoid flexion and 
repeated punctures; 
second PIVC

16 μg/mL; start at 0.05 
and maximum 0.15 
μg/kg/min; not to be 
used >48 h

Site assessment every 
15 min in the first hour 
and at least hourly 
thereafter; blood 
pressure every 3–5 min 
until stable

Worcestershire Acute 
Hospitals NHS 
Trust [22]

Local institutional 
protocol; low 
transferability, requires 
local validation

≥20G, proximal to the 
wrist, avoid flexion and 
multiple attempts; 
second PIVC

16 μg/mL; start at 
0.05 μg/kg/min; 
consider CVC if flow 
>50 mL/h; review at 
24 h

Stop, switch to a patent 
PIVC, aspirate 3–5 mL, 
remove, mark and 
elevate; CVC if the need 
persists

The three institutional protocols represent local decisions rather than recommendations for universal 
application. BP, blood pressure; CVC, central venous catheter; ECG, electrocardiogram; MAP, mean 
arterial pressure; PIVC, peripheral intravenous catheter; SpO2 , peripheral oxygen saturation.

3.6. Results of the Critical Appraisal
Among the evidence syntheses, Owen et al. [4], Wu et al. [13], ZhangJian et al. [16] and 

Chen et al. [17] met most of the applicable criteria; Tian et al. [14] and Tran et al. [15] had 
appropriate methods but now-outdated searches, and Fernández-Ginés et al. [3] showed 
limitations in the search strategy, the selection criteria and the appraisal of included studies. 
Among the primary studies, the most frequent limitations were the absence of a comparison 
group, insufficient control of factors that could influence the results, single-centre conduct 
and, in 14 studies, retrospective ascertainment of events from medical records, which may 
miss minor events. Prospective cohorts with protocol-defined surveillance [5,7,9,10,50] 
were less exposed to under-ascertainment but small or affected by incomplete protocol 
adherence. The operational documents presented clear recommendations but described 
the methods used in their development only sparsely. On AGREE II, the Surviving Sepsis 
Campaign performed best in the scope, stakeholder involvement and clarity domains, and 
least well in applicability. A summary by source group is presented in Table 8 and item-level 
judgements in Tables S12–S16.
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Table 8. Summary of the critical appraisal, by source group.

Source Group (Instrument) Main Strengths Main Limitations Implication for Interpretation

Systematic reviews with 
meta-analysis [4,13–16] 
(JBI systematic reviews)

Explicit methods, risk-of-bias 
assessment; subgroup 
analyses by agent or 
device [13,16]

High heterogeneity; mixed 
agents; pre-2016 studies; 
shared primary studies; PICCs 
pooled in [13]

Contextual estimates only; not 
independent corroboration

Fernández-Ginés et al. [3] and 
Chen et al. [17] (JBI 
systematic reviews)

Norepinephrine-specific 
scope [3]; explicit grading of 
recommendations [17]

Search, appraisal and 
synthesis not robust [3]; 
overlapping sources [17]

Supports operational domains; 
requires local validation

Prospective NE-specific 
cohorts [5,7,9,10,40,48,50] 
(JBI cohort)

Defined protocols and, in 
most, defined surveillance; 
events attributable to NE

No central comparator 
(relevant only to comparative 
safety); single centre; small 
samples [10,40,48,50]; 
incomplete protocol 
adherence [5,9,50]; one event 
of uncertain severity [9]

Feasibility under protocol; 
does not identify protective 
elements

Retrospective NE-specific 
cohorts [11,12,31,32,42,43,49,
51–53] (JBI cohort)

Larger or multicentre 
samples [42,43,49]; routine 
practice; before–after 
comparison [49]

Ascertainment from records; 
possible or suspected 
events [11,12,31,49,53]; 
composite local events not 
separable into 
extravasation [31,32]; possible 
over-reporting of minor 
events [32]; overlapping 
periods [31,32]; definitions 
and follow-up often not 
reported

Frequencies may be 
underestimated or, for minor 
events, overestimated

Yasuda et al. [18] (JBI cohort) Multicentre; time-dependent 
multilevel modelling

Post hoc analysis; 91 exposed 
catheters

Dose signal 
hypothesis-generating

Indirect cohorts and feasibility 
trial [6,8,37,41,44–47,54] 
(JBI cohort)

Multicentre with 
adjustment [6,41,44,45]; 
prospective [8,37,46]; central 
comparator [6,41,44–47]; 
randomised timing of CVC 
insertion [37]

Events not attributable to NE; 
devices combined [6]; local 
injury only partly 
recorded [41,44,45]; small 
samples [37,47]

Indirect evidence; consistent 
with NE-specific data

Surviving Sepsis 
Campaign [1] (AGREE II)

High scope, stakeholder 
involvement and clarity

Lower applicability; very low 
certainty of evidence

Recommended with caveats; 
no technical parameters

Intensive Care Society and 
NHS protocols [19–22] 
(JBI Policy)

Identifiable authorship and 
detailed operational 
recommendations

Development and review 
methods not explicit; one 
review overdue [19]

Parameters to be treated as 
local policy

Item-level judgements for each source are presented in Tables S12–S16. AGREE II, Appraisal of 
Guidelines for Research and Evaluation II; JBI, Joanna Briggs Institute; NE, norepinephrine; NHS, 
National Health Service; PICC, peripherally inserted central catheter.

3.7. Synthesis of Findings
3.7.1. Site Selection and Catheter Characteristics

Guidance documents and several studies converged on a preference for a patent, visible 
upper-limb vein away from flexion points, with blood return and flushing without resistance. 
Most documents recommended a catheter of 20G or larger, an available second access and 
a dedicated line [5,17,20]. In the primary studies, gauges ranged from 14G to 24G and sites 
included the hand, forearm, antecubital fossa, upper arm and external jugular vein (Table 4). 
Observational evidence did not show that any gauge or site was superior, and the cohorts 
were not designed to test whether these features prevent injury: Owen et al. [4] found 
imprecise subgroup estimates, Yasuda et al. [18] included mostly 22–24G catheters, and in 
Medlej et al. [10] all three events occurred with 20G catheters, a descriptive observation that 
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cannot be interpreted as a gauge effect; similarly, in Dansereau et al. [32], half of the events 
occurred in the cephalic vein, the site used for 70% of administrations, without a significant 
difference by site. Ultrasound was considered useful when venous access was difficult 
and to confirm catheter position but does not replace clinical assessment of patency [5,17]. 
Midline catheters were used for longer infusions in two cohorts [43,54]; their thrombotic 
and infectious complications are reported separately (Section 3.7.4).

3.7.2. Concentration, Dose and Duration
Concentrations used in the primary studies ranged from 4 to 80 μg/mL: 4–8 μg/mL [40], 

8 μg/mL [48], 16 μg/mL [42,45,49,50], 32 μg/mL [10,51,54], 40 μg/mL [5,43], 50 μg/mL [18], 
64 μg/mL [9,12], 40–80 μg/mL [7], 80 μg/mL by syringe pump [53] and 16–64 μg/mL in 
Lewis et al. [11]. The four British operational documents used 16 μg/mL [19–22]. Infusion 
pumps or syringe drivers were used in most cohorts, but in one low-resource hospital 
norepinephrine was infused by gravity through a dedicated catheter with a mechanical 
drop counter [40].

Median durations of peripheral infusion ranged from about 1 h before central ac-
cess [12,41] to 21 h with midline catheters [43], and were longer in three cohorts: 2.1 days 
with short PIVCs in Petros et al. [8], 2.5 days in Asher et al. [46] and a mean of 7.8 days with 
midline catheters in Prasanna et al. [54]. In Dansereau et al. [32], administrations with an 
event (all agents) had a longer median duration than those without (27.0 vs. 12.6 h), and 10 
of the 14 events occurred after more than 24 h, four of them beyond the 72 h limit at the same 
site, whereas the maximum norepinephrine dose did not differ; this unadjusted comparison 
does not establish a duration threshold. In Fabick et al. [49], infusion for more than 24 h, 
absence of ultrasound-guided placement, absence of 2-hourly site assessment and rates 
above the protocol limit were frequent among patients with events (all agents), but these 
characteristics were not compared with those of patients without events. An exploratory 
analysis by Yasuda et al. [18] suggested a possible increase in the risk of phlebitis above a 
total dose of 6 mg but did not demonstrate a linear increase in risk with dose. The SSC 2026 
guideline considered the data insufficient to recommend specific values for concentration, 
dose or duration, or a mandatory gauge or insertion site [1].

Differences in concentration between sources do not constitute direct safety compar-
isons between concentrations. It was therefore not possible to identify a threshold applicable 
across all settings.

3.7.3. Monitoring of the Access
Monitoring of the access site was a safety measure common to all sources, although its 

frequency varied. Protocols specified assessments between 15 and 60 min; in the primary 
studies, site checks ranged from every 30 min [5], 5 min after the start and at least hourly 
thereafter [31], hourly [12,45] or every 2 h [9,49–51], with confirmation of blood return 
in three [9,50,51], to three times [7], twice [10] or once daily [46], and several studies 
did not report a surveillance schedule (Table S17). Sources recommend that assessment 
include pain, burning, oedema, pallor, erythema, reduced local temperature, change in 
pump pressure, absence of blood return and resistance to flushing, with documentation 
and immediate action when changes occur [17,19,20]. In unstable patients, the documents 
preferred invasive blood pressure monitoring; where this was unavailable, frequent non-
invasive measurements were recommended [19,21]. These intervals reflect protocol choices; 
no included study compared monitoring intervals.
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3.7.4. Local Adverse Events by Device
Local events are presented by attribution, device and outcome in Table 9, and the 

proportions of source-defined extravasation or infiltration and, separately, of composite 
local events are shown in Figure 3. Operational definitions, grading systems, surveillance, 
observation after the end of infusion and missing assessments are detailed in Table S17. 
Results were not pooled, and proportions are not compared directly across studies, because 
median infusion durations ranged from about 1 h to several days and surveillance differed.

Table 9. Local adverse events by attribution to norepinephrine, device and outcome.

Study Unit of Analysis; Event 
Definition

Events/
Exposed 
(n/N)

% (Exact 95% 
CI) a Severity and Management

Source-defined extravasation or infiltration—norepinephrine-specific, short PIVC

Hallengren 
et al. [52] Patient 0/79 0.0 (0.0–4.6)

No ischaemia or necrosis; two catheter 
failures (pump high-resistance 
alarms)

Medlej et al. [10] Patient 2/50 4.0 (0.5–13.7) Local erythema, one with pallor; no 
medical or surgical intervention

Lewis et al. [11] Patient; confirmed or 
possible 4/146 2.7 (0.8–6.9)

Conservative management; no 
ulceration or necrosis; grades 
inconsistently reported

Padmanaban 
et al. [7] Patient 1/118 0.8 (0.02–4.6) INS grade 2 at 52 h (20G antecubital); 

conservative; no sequelae

Nguyen et al. [12] Patient; confirmed 
(confirmed or possible) 4/177 (8/177) 2.3 (0.6–5.7) 

[4.5 (2.0–8.7)]
Phentolamine in one patient; no 
extremity injury

Messina et al. [53] Patient; confirmed 
(confirmed or possible) 1/127 (5/127) 0.8 (0.02–4.3) 

[3.9 (1.3–8.9)]
Severity and management not 
reported

Ruchti et al. [48] Patient; suspected 2/50 4.0 (0.5–13.7) Monitored; no further management 
required

Bima et al. [40] Patient; local reaction 0/12 0.0 (0.0–26.5) No local reaction during infusion

Cape et al. [50] Infusion (92 infusions, 
84 patients) 3/92 3.3 (0.7–9.2) Phentolamine in all three; no 

long-term complications

Groetzinger 
et al. [51] Patient; infiltration 1/87 1.1 (0.03–6.2) 5 h after discontinuation; no major 

adverse event

Fabick et al. [49]
Patient; confirmed or 
suspected (including 
co-administration)

27/1340 
(34/1340)

2.0 (1.3–2.9) 
[2.5 (1.8–3.5)]

All agents: 15 of 58 events confirmed; 
phentolamine in 14 and nitroglycerin 
in 2; PIVC removed in 52; no 
permanent limb injury or plastic 
surgery consultation

Yerke et al. [9] Patient 35/635 5.5 (3.9–7.6)
INS grade 0–1, 21; grade 2, 13; one 
recorded grade 4 of uncertain 
severity b ; no surgery

Zichichi et al. [42] Patient 8/142 5.6 (2.5–10.8)

Topical nitroglycerin in two and 
terbutaline in three events; two 
vascular surgery consultations; no 
compartment syndrome or surgery

Goh et al. [5] Patient 2/180 1.1 (0.1–4.0) Physical measures; no tissue injury at 
48 h
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Table 9. Cont.

Study Unit of Analysis; Event 
Definition

Events/
Exposed 
(n/N)

% (Exact 95% 
CI) a Severity and Management

Composite or nonspecific local events—norepinephrine-specific, short PIVC (two reports of one programme with overlapping 
periods) d 

Marti et al. [31] d 

Order (67 NE orders; 
79 patients, all agents); 
possible local event 
(phlebitis, erythema, 
infiltration, skin blanching or 
oedema)

2/67 3.0 (0.4–10.4)

Not labelled as extravasation by the 
bedside team; no treatment; infusion 
continued or moved to the alternate 
limb

Dansereau 
et al. [32] d 

Administration (227 NE 
administrations; 
250 patients); local irritation, 
infiltration or phlebitis

11/227 4.8 (2.4–8.5)

Local irritation, infiltration or 
phlebitis; no necrosis, gangrene or 
amputation; phentolamine in two 
events (agent NR); 12 of 14 events (all 
agents) managed with line change and 
site marking only

Extravasation—norepinephrine-specific, midline catheter

Karlsson et al. [43] Episode (472 episodes, 
461 patients) 1/472 0.2 (0.01–1.2)

Suspected; infusion stopped and 
catheter replaced; no symptoms or 
further action

Extravasation or infiltration—indirect evidence, short PIVC

Kilian et al. [47] Patient 0/34 0.0 (0.0–10.3) No digital ischaemia reported

Asher et al. [46] Patient 1/108 0.9 (0.02–5.1) Managed conservatively; no necrosis; 
CVC comparator: 1/31

Petros et al. [8] Patient 3/250 1.2 (0.2–3.5)
All after ≥5 days; one with dark 
discoloration not assessed before 
death

Shyu et al. [45] Patient; extravasation treated 
with phentolamine 31/3734 0.8 (0.6–1.2)

Chart-confirmed phentolamine use; 
untreated infiltration not captured; 
one tissue necrosis requiring 
fasciotomy (below)

Ramanan et al. [37] Patient; extravasation (or 
tissued cannula) 1/40 (5/40) 2.5 (0.06–13.2) 

[12.5 (4.2–26.8)]

No tissue injury; four tissued cannulas 
recorded separately; external leakage 
in two; no CVC complications (0/18 
CVCs)

Skin necrosis, peripheral ischaemia or tissue necrosis requiring surgery—indirect evidence, short PIVC

Delaney et al. [41] Patient; skin necrosis or 
peripheral ischaemia 0/389 0.0 (0.0–0.9) Extravasation not recorded

Munroe et al. 
2024 [44]

Patient; skin necrosis or 
ischaemia 0/400 0.0 (0.0–0.9) Extravasation not recorded; 

complications abstracted from records

Shyu et al. [45] Patient; tissue necrosis 
requiring surgery 1/3734 0.03 

(0.001–0.15)
Surgical consultation and fasciotomy 
after extravasation; agent not reported

Extravasation—indirect evidence, midline catheter or devices combined

Prasanna et al. [54] Patient; midline 1/248 0.4 (0.01–2.2) Occurred during NE infusion

Munroe et al. [6] Patient; PIVC or midline 3/490 0.6 (0.1–1.8) Two grade 1, one grade 2; no 
ulceration or skin necrosis
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Table 9. Cont.

Study Unit of Analysis; Event 
Definition

Events/
Exposed 
(n/N)

% (Exact 95% 
CI) a Severity and Management

Phlebitis or thrombophlebitis

Yasuda et al. [18] Catheter (91 PIVCs, 
70 patients); NE-specific 19/91 20.9 

(13.1–30.7) c 
Exploratory spline signal above 6 mg 
total dose

Medlej et al. [10] Patient; NE-specific, PIVC 1/50 2.0 (0.05–10.6) No intervention

Asher et al. [46] Patient; indirect, PIVC 6/108 5.6 (2.1–11.7) NR

Prasanna et al. [54] Patient; indirect, midline 1/248 0.4 (0.01–2.2) NR

Thrombosis and bloodstream infection—midline catheters

Karlsson et al. [43] Episode; NE-specific
Thrombosis 
7/472; BSI 
4/472

1.5 (0.6–3.0); 0.8 
(0.2–2.2)

Four deep vein thromboses in the 
catheter area and three pulmonary 
emboli; midline-associated BSI

Prasanna et al. [54] Patient; indirect DVT 2/248; 
BSI 6/248

0.8 (0.10–2.9); 
2.4 (0.9–5.2) NR

a  Exact (Clopper–Pearson) 95% CI calculated by the reviewers from the reported counts; values 
in parentheses or brackets include possible events or, for Fabick et al. [49], events during co-
administration of norepinephrine with another agent; exposure-adjusted rates are given, as reported 
by the sources, in Table S18. b  Site policy recorded all vasopressor extravasations as grade 4 ini-
tially; the patient died before study evaluation. c  Crude catheter-level proportion, which does not 
account for several catheters per patient; the multilevel model of the source accounts for clustering. 
Exposure-adjusted rates were reported by five sources: 75.8 extravasations per 1000 PIVC infusion-
days [9]; 33.8 per 1000 infusion-days, all agents [5]; 0.004 per patient-day [8]; 0.52 per 100 peripheral 
vasopressor-days [6]; and, with midline catheters, 0.08 extravasations per 1000 norepinephrine-hours, 
2.2 thromboses per 1000 midline-days and 1.3 bloodstream infections per 1000 catheter-days [43]. For 
catheter-level phlebitis, the hazard ratio for total dose was 1.06 (95% CI 0.93–1.20) in a multilevel 
model [18]. d  Pilot [31] and post-implementation [32] reports of one programme with overlapping 
periods; some patients are probably included in both, so the two proportions are not independent and 
their denominators should not be added. Events were recorded with bedside-team terms, were not 
labelled as extravasation and could not be separated into extravasation and other reactions; they are 
therefore not counted as extravasation or infiltration. One study that recorded only undefined local 
reactions and observed none [40] is retained under extravasation or infiltration because no local event 
of any type occurred. Studies are ordered by year within each group. BSI, bloodstream infection; 
CVC, central venous catheter; DVT, deep vein thrombosis; HR, hazard ratio; INS, Infusion Nurses 
Society; NE, norepinephrine; NR, not reported; PIVC, peripheral intravenous catheter.

With short PIVCs, source-defined norepinephrine-specific extravasation or infiltration 
occurred in 0.0% [40,52] to 5.6% [42] of exposed patients or infusions across 14 reports; 
where possible events were counted with confirmed events, the proportions were 3.9% [53] 
and 4.5% [12]. Composite local events that could not be separated into extravasation 
and other reactions were recorded in 3.0% of 67 norepinephrine orders [31] and 4.8% of 
227 norepinephrine administrations [32], in two reports of the same programme with 
overlapping periods; these are not independent estimates. With midline catheters, one 
suspected extravasation occurred in 472 episodes [43]. In the indirect studies, proportions 
ranged from 0.0% to 2.5%; in the largest, which recorded only extravasation treated with 
phentolamine, the proportion was 0.8% (31/3734) [45], and the feasibility trial recorded 
tissued cannulas separately from extravasation in four further participants [37]. These 
estimates are not directly comparable: surveillance ranged from 30 min, hourly or two-hourly 
checks [5,9,12,31,49–51] to twice- or thrice-daily checks [7,10] or was not reported, and 
events were ascertained retrospectively from records in 14 studies; the observation window 
after the end of infusion differed or was not reported. Differences in event definitions and 
surveillance intensity may contribute to the range of estimates, alongside case mix, exposure 
duration and device characteristics; the available data do not allow the relative contribution 
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of these factors to be determined. Exposure-adjusted rates were reported in only five studies 
(Table 9, footnote; Table S18).

Figure 3. Proportion of exposed patients, infusions or episodes with source-defined extravasation or 
infiltration, by attribution to norepinephrine and device, and, separately, proportion of norepinephrine 
orders or administrations with composite local events, with exact 95% confidence intervals. Estimates 
are shown separately and were not pooled because of differences in definitions, surveillance and 
exposure time (Section 3.7.4). Two indirect cohorts that recorded only skin necrosis and peripheral 
ischaemia [41,44] are not included in the figure. The two composite-event reports describe overlapping 
periods of one programme and are not independent estimates [31,32]. The dashed line marks the 
5% limit used to judge imprecision (Section 3.8). Studies shown, from top to bottom: Hallengren 
et al. [52], Bima et al. [40], Padmanaban et al. [7], Messina et al. [53], Groetzinger et al. [51], Goh 
et al. [5], Fabick et al. [49], Nguyen et al. [12], Lewis et al. [11], Cape et al. [50], Medlej et al. [10], 
Ruchti et al. [48], Yerke et al. [9], Zichichi et al. [42], Marti et al. [31], Dansereau et al. [32], Karlsson 
et al. [43], Kilian et al. [47], Shyu et al. [45], Asher et al. [46], Petros et al. [8], Ramanan et al. [37], 
Prasanna et al. [54] and Munroe et al. [6].
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No norepinephrine-specific cohort reported an event requiring surgical intervention, 
tissue necrosis or amputation. In the largest mixed-agent cohort, in which norepinephrine 
was the initial peripheral agent in 88.5% of 3734 patients, one patient developed tissue 
necrosis after extravasation and required fasciotomy; the agent infused was not reported [45]. 
In two cohorts in which skin necrosis and peripheral ischaemia were specifically recorded, 
none occurred among 389 [41] and 400 [44] patients whose vasopressor infusion was 
initiated peripherally, and no local reactions were observed in 12 patients treated in a 
low-resource setting [40]; in the feasibility trial, with prospective surveillance by research 
staff, no tissue injury occurred among 40 participants [37]. This does not exclude serious 
injury. In Yerke et al. [9], one event recorded as grade 4 by the bedside nurse occurred 
in a patient who died under comfort care before study evaluation; because site policy 
recorded all vasopressor extravasations as grade 4 initially, regardless of tissue damage, 
this is an event of uncertain severity rather than confirmed severe injury. In Petros et al. [8], 
one patient presented with hand swelling and dark discoloration but died of refractory 
shock before the injury could be assessed. In Zichichi et al. [42], two patients required 
vascular surgery consultation to exclude compartment syndrome, which was not confirmed. 
Phentolamine was given in four events across two other cohorts [12,50], in two events, 
with the agent not stated, in a third [32], in 14 of 58 events (all agents) in a fourth, in 
which no event resulted in permanent limb injury or plastic surgery consultation [49], and 
in 31 patients in a mixed-agent cohort [45]. Follow-up after an event or after the end of 
infusion ranged from none [8] to 48 h [5,10] and 28 days through record review [6], or 
was not reported, and patients who died or were transferred to central access were not 
systematically followed, so late or deep injury may have been missed. In an excluded series 
of midline catheters, one extravasation during norepinephrine infusion led to plastic and 
vascular surgery consultation and phentolamine administration, without sequelae [29]. The 
frequency of serious injury therefore remains uncertain. With midline catheters, thrombosis 
(1.5%) and bloodstream infection (0.8%) were reported in the norepinephrine-specific 
cohort [43], complications that are characteristic of longer-dwelling devices and are not 
captured by extravasation estimates. In an excluded multicentre cohort in which the agents 
infused were not reported, venous thromboembolism occurred in 7.3% of patients who 
received vasopressors through a midline catheter [30].

Among the evidence syntheses (Table 6), pooled frequencies were 3.4% for extravasa-
tion in Tian et al. [14], 8.6% for complications in Tran et al. [15], 1.8% for local complications 
in adults in Owen et al. [4] and 2.6% for minor adverse events with norepinephrine in 
ZhangJian et al. [16], who identified a single tissue necrosis among 29,596 short PIVCs; the 
estimates of Wu et al. [13] include PICCs. These estimates combine agents, devices and 
pre-2016 studies, and the syntheses share primary studies with one another and with this 
review (Table S19); they therefore provide context, not independent corroboration.

3.7.5. Sensitivity Assessment
In the 14 norepinephrine-specific reports with short PIVCs, source-defined extravasa-

tion or infiltration occurred in 0.0% to 5.6% of exposed patients or infusions; restricting the 
synthesis to the five prospective cohorts with protocol-defined surveillance [5,7,9,10,50] 
yielded 0.8% to 5.5%. Counting possible events with confirmed events changed two esti-
mates (from 2.3% to 4.5% [12] and from 0.8% to 3.9% [53]), both within that range. Counting 
the composite local events of the two overlapping reports of one programme [31,32] as 
extravasation, which was not done because their components could not be separated, would 
add proportions of 3.0% and 4.8%, within the range, and counting the seven events that 
occurred during co-administration of norepinephrine with another agent raised the esti-
mate of Fabick et al. [49] from 2.0% to 2.5% (34/1340; 95% CI 1.8–3.5), also within the 
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range. The indirect studies contributed estimates of 0.0% to 2.5%. A stricter predominance 
threshold of 75% would remove two indirect cohorts [8,54], and a threshold of 90% a 
further four [41,44,45,47], without changing the range; the 90% threshold would, however, 
also remove the only cohort that reported an event requiring surgery [45]. Retaining the 
mixed-agent cohort excluded because norepinephrine accounted for 41% of the exposure, 
Marques et al. [27] (2/64 patients; 3.1%, exact 95% CI 0.4–10.8, reported by the source as 
2.9%, 95% CI 1.0–8.7, with a Poisson-based method; soft-tissue swelling only) yielded an 
estimate within the range. In contrast, retaining the cohort excluded because the agent 
infused peripherally could not be established [28] would add higher proportions: extrava-
sation in 12.8% (5/39; 95% CI 4.3–27.4) of patients who received peripheral vasopressors 
only and in 10.3% (16/155; 95% CI 6.0–16.2) of those later transitioned to central infusion, 
in a retrospective cohort that also recorded leakage and tissued cannulas and reported no 
major complication. Counting the tissued cannulas recorded separately in the feasibility 
trial as infiltration would likewise raise its estimate to 12.5% (5/40; 95% CI 4.2–26.8) [37]. 
These were the only scenarios that extended the range of minor event frequencies, which 
shows that these frequencies depend on event definitions, ascertainment and inclusion 
decisions. Analysing midline catheters separately did not change the short PIVC findings. 
Under every scenario, the conclusions on feasibility, on the uncertainty about serious injury 
and on the absence of a universal threshold were unchanged.

3.7.6. Management of Extravasation
When extravasation is suspected, the documents analysed recommended stopping 

the infusion immediately, disconnecting the infusion set from the catheter and initially 
leaving the catheter in place to aspirate 3–5 mL without flushing. Administration should 
be transferred to another available venous access. After aspiration, the catheter should 
be removed, the affected area demarcated and the limb elevated. The thermal measures 
specified in the protocol should be applied and the incident documented. Subcutaneous 
phentolamine was the most frequently cited antidote. Where it is unavailable, topical 
nitroglycerin or terbutaline may be considered as alternatives. Persistent pain, worsening of 
the affected area, changes in perfusion or suspected deep injury justify assessment by plastic 
surgery or by the tissue viability team [5,17,20]. In the primary studies, phentolamine was 
used in some events [12,32,45,49,50], topical nitroglycerin in two events in one cohort [49], 
and terbutaline or topical nitroglycerin where phentolamine was unavailable [42]. These 
measures derive from normative documents and expert consensus; their effectiveness in 
preventing injury was not assessed in the included studies.

3.7.7. Transition to Central Venous Access
Transition to central access was recommended when prolonged use was anticipated, 

when the dose exceeded the local threshold, when several incompatible drugs were required, 
when another indication for central access existed, when the peripheral access failed or 
extravasated, or when adequate monitoring could not be ensured [17,20–22].

The proportion of patients who did not require a CVC was reported in 23 primary 
studies with different denominators (Table 4). It ranged from 7.5% in a trial cohort in which 
central access was part of the usual care [41] to 98.7% in an intermediate care unit [52]; 
it was 16.4% in an emergency department protocol limited to 4 h [12], 51.6% in Yerke 
et al. [9] (311/603 patients whose first norepinephrine exposure was peripheral) and 79% 
of patients treated with midline catheters in Karlsson et al. [43]; in the feasibility trial, 80% 
of patients allocated to delayed insertion did not receive a CVC [37]. The denominator was 
norepinephrine-specific in some studies and included patients receiving other agents in 
others, and patients who did not receive a CVC were selected by clinicians. These values 
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should therefore be read as indicators of protocol performance in selected patients rather 
than as estimates of the safety of peripheral norepinephrine. The SSC 2026 guideline did 
not define a mandatory moment for transition, indicating that the decision should take 
account of the dose, anticipated duration, clinical course and available resources [1].

3.8. Confidence in Key Safety Findings
Confidence in the key safety findings is summarised in Table 10. Because these ques-

tions concern the frequency of events among exposed patients, cohort studies were con-
sidered the appropriate design and confidence in frequency estimates started at high, as 
in GRADE for prognosis [55]; for safety relative to central administration, a comparative 
question addressed by non-randomised data and by one small trial that randomised the 
timing of CVC insertion rather than the route, it started at low. Each domain was judged by 
two reviewers, and each serious concern lowered confidence by one level. Ratings were 
applied narratively, in the absence of pooled estimates [56]. Every rating refers to one 
outcome defined in the same way across the studies contributing to it, and report counts 
and combined denominators are given only to describe the evidence available, not as unique 
participants. Absence of a central comparator was treated as a limitation of the comparative 
question only, not as a risk of bias in estimating the frequency of events among exposed 
patients. Imprecision was judged from the study-level 95% CIs, not from the combined 
denominators. For extravasation or infiltration, which was mostly minor, it was judged 
against a clinically important frequency of 5% and, as an alternative, 10%; because no 
accepted threshold exists, both limits were chosen during peer review (Table S10, Amend-
ment 12). Imprecision was rated serious when the intervals of the studies contributing 
most information included values on both sides of the limit, or when an outcome rested 
on a single study with few events; for outcomes without an agreed limit, it was judged 
from the number of events and the width of the study-level intervals. Confidence was very 
low for source-defined extravasation or infiltration in norepinephrine-specific reports with 
short PIVCs (low with the 10% limit), low for extravasation with midline catheters and for 
extravasation or infiltration in mixed-agent cohorts, and very low for composite local events, 
phlebitis, thrombotic and infectious complications of midline catheters, serious injury and 
safety relative to central administration.

Table 10. Structured assessment of confidence in key safety findings.

Outcome 
(Evidence) Risk of Bias Inconsistency Indirectness Imprecision Missing 

Evidence
Confi-
dence

Source-defined 
extravasation or 
infiltration, 
NE-specific, short 
PIVC (14 reports; 
12–1340 per report; 
3235 exposures in 
total: patients in 
13 reports, 
infusions in 1) [5,7,
9–12,40,42,48–53]

Serious: 
retrospective 
ascertainment in 
7 reports; 
surveillance 
varied or not 
reported; 
confirmed and 
possible events 
combined [11]

Serious: 0.0–5.6%; 
non-overlapping 
CIs in the two 
largest 
reports [9,49]; 
different 
definitions; 
higher 
proportions in an 
excluded 
cohort [28]

Not serious

Serious at 5%: 
CIs extend 
above 5% in 9 of 
14 reports, 
including [9]; 
not serious at 
10% (upper 
limits of the two 
largest reports 
2.9% and 7.6%)

Not rated 
down 
(3 reports not 
retrieved; 
nursing 
studies 
possibly 
missed)

⊕###
Very low 
(⊕⊕##
low at the 
10% limit)
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Table 10. Cont.

Outcome 
(Evidence) Risk of Bias Inconsistency Indirectness Imprecision Missing 

Evidence
Confi-
dence

Composite or 
nonspecific local 
events, NE-specific, 
short PIVC 
(2 overlapping 
reports of one 
programme; 
67 orders and 
227 administrations, 
not 
independent) [31,
32]

Serious: 
retrospective; 
bedside-team 
terms; possible 
over-
reporting [32]

Not serious: 3.0% 
and 4.8%

Serious: 
composite 
outcome; 
extravasation 
not separable

Serious at 5% 
(CIs 0.4–10.4 
and 2.4–8.5); 
not serious at 
10% for the 
larger report

Not rated 
down

⊕###
Very low 
(⊕⊕##
low at the 
10% limit)

Extravasation, 
NE-specific, 
midline catheter 
(1 study; 
472 episodes in 
461 patients) [43]

Serious: 
retrospective; 
suspected events 
from records

Not applicable 
(single study) Not serious

Serious: single 
study with one 
event 
(CI 0.01–1.2)

Not rated 
down

⊕⊕##
Low

Extravasation or 
infiltration, indirect, 
short PIVC 
(5 studies; study 
denominators 
34–3734 
patients) [8,37,45–
47]

Serious: 
retrospective 
record 
review [45,47]; 
only 
phentolamine-
treated events 
recorded [45]; 
definitions not 
reported [46,47]

Not serious: 
0.0–2.5%

Serious: events 
not attributable 
to NE

Not serious: CIs 
of the two 
largest studies 
below 5% 
(0.6–1.2 [45]; 
0.2–3.5 [8])

Not rated 
down

⊕⊕##
Low

Extravasation, 
indirect, midline 
catheter or devices 
combined 
(2 studies; 248 and 
490 patients) [6,54]

Serious: 
retrospective 
record review

Not serious: 0.4% 
and 0.6%

Serious: events 
not attributable 
to NE; devices 
combined [6]

Not serious: 
upper limits 
2.2% and 1.8%

Not rated 
down

⊕⊕##
Low

Catheter-level 
phlebitis, 
NE-specific, short 
PIVC (1 study; 
91 catheters in 
70 patients) [18] a 

Serious: post hoc 
analysis; crude 
proportion does 
not account for 
clustering

Not applicable 
(single study)

Serious: mostly 
22–24G 
catheters, 
smaller than 
recommended 
in guidance

Serious: single 
study; crude CI 
(13.1–30.7) 
understates 
uncertainty 
because of 
clustering

Not rated 
down

⊕###
Very low

Venous thrombosis 
(deep vein 
thrombosis or 
pulmonary 
embolism) with 
midline catheters 
(2 studies; 
472 episodes [43] 
and 248 
patients [54])

Serious: 
retrospective

Not serious: 1.5% 
and 0.8%

Serious: mixed 
agents [54]

Serious: few 
events (7 and 2)

Not rated 
down

⊕###
Very low

Bloodstream 
infection with 
midline catheters 
(2 studies; 
472 episodes [43] 
and 248 
patients [54])

Serious: 
retrospective

Not serious: 0.8% 
and 2.4%

Serious: mixed 
agents [54]

Serious: few 
events (4 and 6)

Not rated 
down

⊕###
Very low
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Table 10. Cont.

Outcome 
(Evidence) Risk of Bias Inconsistency Indirectness Imprecision Missing 

Evidence
Confi-
dence

Serious injury: 
tissue necrosis, 
ischaemia or injury 
requiring surgery 
(27 studies, 
systematically 
recorded in few; 
one event [45])

Very serious: not 
systematically 
assessed; two 
events not 
evaluated before 
death [8,9]; short 
follow-up

Not assessable Not serious

Very serious: 
rare events; 
zero-event data 
cannot exclude 
risk

Possible 
under-
reporting

⊕###
Very low

Safety relative to 
central 
administration 
(3 cohorts; 
1 feasibility 
trial) [6,37,41,46]

Serious: 
non-randomised 
cohorts with 
confounding by 
indication; trial 
unblinded, with 
55% adherence to 
early 
insertion [37]

Not serious

Serious: mixed 
agents and 
devices; 
different 
outcomes 
recorded by 
route [41]; 
timing rather 
than route ran-
domised [37]

Serious: few 
events; 40 trial 
partici-
pants [37]

Not rated 
down

⊕###
Very low

Confidence in frequency estimates started at high and in the comparative outcome at low (Section 3.8); 
each serious concern lowered confidence by one level and each very serious concern by two. ⊕⊕##, 
low; ⊕###, very low. Imprecision was judged from study-level 95% CIs against a 5% limit for 
extravasation or infiltration, with 10% as an alternative (Section 3.8). Report counts and summed 
denominators describe the evidence available and are not unique participants; the pilot and post-
implementation reports of one programme overlap [31,32]. a  Patient-level thrombophlebitis in one 
cohort (1/50) [10] was not combined because its unit and definition differ. BSI, bloodstream infection; 
CI, confidence interval; NE, norepinephrine; PIVC, peripheral intravenous catheter.

4. Discussion
4.1. Main Findings

The evidence assembled indicates that peripheral administration of norepinephrine is 
feasible for treatment initiation and for short periods in selected critically ill adults man-
aged within a system of prevention, early detection and response to extravasation [1,3,17]. 
The most consistent finding was not the identification of a single gauge, concentration 
or duration, but the recurrence across protocols of a common set of safeguards: a func-
tional and visible access, an infusion pump, a dedicated line, an available second access, 
frequent observation, a prepared team and clear transition criteria [5,17,20]. Because these 
components were implemented together in uncontrolled cohorts, the evidence does not 
establish that any individual component prevents injury; in the only before–after com-
parison, extravasation (all agents) fell from 2.4% to 1.1%, as reported by the source, after 
implementation of a protocol, but this unadjusted comparison cannot attribute the change 
to any component [49]. In norepinephrine-specific reports with short PIVCs, source-defined 
extravasation or infiltration occurred in up to about 6% of exposed patients or infusions, 
and with midline catheters in 1 of 472 episodes; phlebitis was reported in about one in five 
exposed catheters in the only catheter-level study [18]. Serious injury was rare but not 
absent: no event requiring surgery was reported in norepinephrine-specific cohorts, but 
one fasciotomy for tissue necrosis occurred among 3734 patients in a large mixed-agent 
cohort [45]; serious injury was inconsistently assessed, and the absence of severe injury in 
smaller observational samples does not exclude rare events.

The most methodologically relevant finding of this review is the limited and hetero-
geneous nature of the data attributable to norepinephrine. Eighteen of the 27 primary 
studies, two of which are overlapping reports of one programme, allowed the adminis-
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tered agent and the observed event to be linked, but they measured different outcomes, 
at different levels (patient, infusion, administration, episode or catheter), with different 
surveillance and follow-up, and none compared local events with a group receiving central 
administration. The present review therefore cannot provide a general estimate of the 
safety of peripheral norepinephrine; it describes the range of local events reported under 
the conditions studied, a range that was itself sensitive to event definitions and inclusion 
decisions (Section 3.7.5). In the nine indirect studies, the reported frequencies describe 
peripheral vasopressor administration in general. Existing reviews, by combining cohorts 
heterogeneous with respect to agent and device, produce estimates whose pharmacological 
and device attribution remains indeterminate.

Several features of the included cohorts may have influenced the observed frequencies. 
Peripheral administration was applied to patients judged suitable by clinicians; in Munroe 
et al. [6], patients who received only peripheral vasopressors were less severely ill at baseline 
and received lower norepinephrine doses than those who had a CVC placed, so the cohorts 
are not representative of all patients requiring vasopressors. Transition to central access, 
which occurred in a large proportion of patients in several cohorts (Table 4), and death, 
which was frequent in some cohorts [8,52], end peripheral exposure and observation before 
a local complication can occur or be recognised; follow-up after the end of infusion was 
short or not reported (Table S17), so late or deep injury may have been missed. Ascertain-
ment through retrospective review of medical records, used in 14 studies, may also miss 
minor events. These mechanisms are likely to lead to underestimation, although in one 
retrospective cohort the authors suggested that minor events had been over-reported [32]. 
Conversely, structured surveillance may detect minor events that less frequent checks would 
miss, so higher proportions in intensively monitored cohorts do not necessarily indicate 
higher risk [37].

4.2. Comparison with Existing Evidence and Guidance
The findings are consistent with the low pooled frequencies reported by previous syn-

theses [4,14–16], which found heterogeneity and uncertainty; the estimates of Wu et al. [13] 
point in the same direction but include centrally positioned PICCs. ZhangJian et al. [16] also 
reported venous thromboembolism with midline catheters, consistent with the thrombotic 
and infectious events observed in the two midline cohorts of this review [43,54] and in an 
excluded multicentre cohort [30]. Because these syntheses share primary studies with one 
another and with this review (Table S19), their agreement does not constitute independent 
corroboration; in particular, ZhangJian et al. [16] included 26 of the 27 primary studies of this 
review, so the two reviews draw on largely the same evidence. They differ in that the present 
review separates norepinephrine-specific from mixed-agent data and short from midline 
catheters, does not pool proportions, and appraises the confidence in each finding and the 
source of each practice recommendation separately. The conditional recommendation of 
SSC 2026 favours peripheral initiation to avoid delays, without establishing technical param-
eters because the data are insufficient [1]. Institutional protocols were more prescriptive, 
generally using 16 μg/mL, a catheter of 20G or larger and time limits of 24–48 h [19,21,22]. 
By contrast, primary studies used concentrations between 4 and 80 μg/mL and reported a 
single event requiring surgery, in a mixed-agent cohort whose protocol used 16 μg/mL [45], 
while serious injury could not be assessed in two further events [8,9]. This difference shows 
that the values defined by protocols should be interpreted as local decisions rather than as 
universal thresholds derived from direct comparisons.

Five studies excluded at full-text assessment merit mention as contextual evidence. 
SPOTLESS-2, excluded under the pre-defined age criterion because it admitted participants 
from 16 years of age without separable results, described three episodes of infiltration or 
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catheter dislodgement in 468 participants in prehospital and retrieval settings, with no 
tissue injury at 24 h, a concentration of 60 μg/mL and visual assessment of the access at least 
every 15 min [38]. Marques et al. [27], excluded under the drug criterion specified after 
data extraction because norepinephrine accounted for only 41% of the exposure without 
separation of events by agent, reported two events in 64 participants in an emergency and 
intensive care service in Rwanda, with mild oedema and no progression at 48 h. Stolz 
et al. [28], excluded because norepinephrine was a minority agent among patients who 
received peripheral vasopressors only and the agent infused peripherally was not reported 
for the remaining patients, recorded leakage, extravasation, tissued cannulas or erythema 
in 41% of the peripheral-only group, with no major complication. Spiegel et al. [29], a series 
of 403 midline catheters inserted in an emergency department in which norepinephrine 
exposure was not quantified, reported one extravasation during norepinephrine infusion 
that required specialist consultation and phentolamine, without sequelae. Gershengorn 
et al. [30], excluded because the agents infused were not reported, compared 287 patients 
who received vasopressors through a midline catheter with 1660 who received them through 
a PICC in 39 Michigan hospitals: catheter-related complications were less frequent with 
midlines (5.2% vs. 13.4%), a difference that was not significant after adjustment, but venous 
thromboembolism was more frequent (7.3%; adjusted odds ratio 2.69, 95% CI 1.31–5.49), 
and extravasation was recorded in 2.1% of midlines used for vasopressors. These studies 
broaden the range of settings and definitions described; Marques et al. [27] and Stolz 
et al. [28] were examined in the sensitivity assessment (Section 3.7.5).

These findings concern continuous peripheral infusion of norepinephrine and should 
not be extrapolated to peri-intubation push-dose vasopressors, which are a different inter-
vention not addressed by this review.

4.3. Implications for Clinical Practice
Most operational recommendations identified in this review—catheter characteristics, 

monitoring frequency, antidotes and criteria for transition to central access—derive from 
guidance documents, expert consensus and local institutional protocols rather than from 
comparative empirical evidence. Observational protocol cohorts show that peripheral 
administration is feasible when these safeguards are in place, but do not establish that a 
particular gauge, monitoring interval or antidote strategy prevents injury. They should 
therefore be understood as context-dependent practices, not as evidence-based universal 
recommendations. Table 11 summarises them, distinguishing for each its source and the 
confidence that can be placed in it. In clinical implementation, including in the Portuguese 
context, concentration, the available presentation, access to phentolamine, team composition 
and monitoring capacity should be assessed locally by pharmacy, medicine, nursing and 
medication safety structures. Implementation should also include education, simulation, 
standardised documentation, event auditing and periodic protocol review [17,20].
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Table 11. Practice implications: supporting sources, type of support and confidence.

Practice Main Sources Type of Support Status and Caveat

Supported by guideline recommendation and observational data

Do not delay vasopressor 
initiation while awaiting central 
access

[1]; cohorts and trial [6,
7,9,12,37,41,44,45]

Conditional guideline 
recommendation; 
observational cohorts; 
feasibility trial

Very low certainty (SSC 2026); 
feasibility shown, not equivalence 
with central access

Context-dependent practices (guidance, consensus and local protocols)

Use a functioning, visible 
upper-limb vein away from 
flexion points, with blood return; 
short PIVC, or midline for 
anticipated longer use

[17–22,43,54] Normative documents; 
observational data

No gauge or site shown to prevent 
injury; midlines carry thrombotic 
and infectious risks

Infusion pump, dedicated line 
and available second access [17,19–22,40] Normative documents

Expert consensus; protective effect 
not tested; gravity infusion with a 
drop counter used in one 
low-resource cohort [40]

Structured site surveillance with 
documentation

[5,7,9,10,12,19–22,31,45,
46,49–51]

Normative documents; 
protocol cohorts

Intervals from 15 min to once 
daily; no interval shown to 
prevent injury

Pre-defined extravasation 
response: stop, aspirate, remove, 
mark and elevate; antidote 
available

[12,17,20–22,32,42,45,49,
50]

Normative documents; case 
reports within cohorts

Antidote effectiveness not 
assessed in the included studies

Reassess the peripheral route and 
transition to CVC according to 
local criteria

[1,17,20–22,32] Guideline; normative 
documents; one cohort

No validated dose or duration 
threshold; events associated with 
longer infusions in one 
unadjusted analysis [32]

Set concentration, dose and 
duration limits locally

[5,7,9–12,19,21,22,31,40,
42,43,45,48–54] Protocols and cohorts

Universal limits cannot be derived 
(4–80 μg/mL used); local 
decisions requiring validation

Education, audit and periodic 
protocol review [17,20] Normative documents Expert consensus

Transferability depends on resources that were present in the cohorts and protocols analysed: nurse 
staffing sufficient to perform and document site assessments at the protocol interval, together with 
continuous haemodynamic monitoring and, in unstable patients, invasive blood pressure monitor-
ing [19,21]; staff competent in assessing peripheral veins and, when access is difficult, in ultrasound-
guided cannulation [5,9,17]; infusion pumps and dedicated lines; immediate availability of an ex-
travasation kit and antidote (phentolamine, or topical nitroglycerin or terbutaline where it is un-
available) [20–22]; access to plastic surgery or tissue viability review; and the capacity to place a 
CVC promptly when transition criteria are met. Where these resources cannot be ensured, the event 
frequencies observed in the included cohorts cannot be assumed.

4.4. Limitations
This review has several limitations that should be considered when interpreting the 

findings. First, decisions made after study selection are potential sources of bias (Table 3). 
The protocol was registered after searching and selection; the drug criterion was opera-
tionalised after data extraction and its threshold specified during peer review; and the 
definition of peripheral access was corrected during peer review. Although the threshold 
was chosen on a conceptual basis and the sensitivity assessment showed that these decisions 
did not change the main conclusions, the range of minor event frequencies depended on the 
exclusion of one cohort [28] and on whether tissued cannulas were counted as infiltration 
in one trial [37], and the decisions were taken with knowledge of the candidate studies and 
cannot be regarded as prespecified. Second, the initial searches missed eligible studies: two 
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were identified by a reviewer, one not retrieved by the original strategy and one excluded in 
error at screening, and a further 20 primary studies and two syntheses were added after 
a corrected re-run of the PubMed search within the original date limit, renewed retrieval 
attempts and systematic citation searching. The search was limited to three overlapping 
databases, only PubMed was re-run, Embase and the Cochrane Library were not searched, 
a full-text limiter was applied in the EBSCOhost databases, which may have excluded eligi-
ble studies indexed in CINAHL Complete, particularly nursing studies (the unrestricted 
PubMed search and citation searching reduce this risk but cannot establish that no eligible 
study was excluded, and two of the three reports not retrieved were published in nursing 
journals), and the searches for normative documents were only partly documented (the 
number of results screened was not recorded and the targeted website and reference-list 
searches were not documented in detail). These restrictions reduce comprehensiveness 
compared with a full systematic review, and further eligible studies may exist.

Third, three reports identified in the databases were not retrieved, despite library 
requests and, where possible, requests to the authors (Table S6). For one of them, study-
level data were available in an included synthesis: ZhangJian et al. [16] reported no major 
adverse event among 98 patients with short PIVCs (Table S6). These secondary data, which 
could not be verified against the primary report, suggest that the unretrieved reports are 
unlikely to change the conclusions on serious injury with short PIVCs, but their absence 
reduces precision and the range of settings represented. Further limitations derive from 
the evidence base itself. Definitions of infiltration, extravasation and other adverse events, 
surveillance intensity and follow-up after the end of infusion were heterogeneous, which 
compromises direct comparability of the frequencies, and in two overlapping reports local 
events were recorded only as a composite that could not be separated into extravasation 
and other reactions. Nine of the 27 primary studies do not report events separately by 
vasoactive agent, phlebitis data came mainly from a single catheter-level study, and only 
two cohorts used midline catheters. Some syntheses included the same primary studies; 
their estimates were not combined, which avoids double counting, but their agreement is 
not independent corroboration. The normative documents included are predominantly 
from the United Kingdom, which limits automatic transferability of their parameters to the 
Portuguese context. Finally, confidence was assessed with a structured approach informed 
by GRADE rather than a full GRADE assessment and was low or very low for all outcomes 
(Table 10); for norepinephrine-specific extravasation with short PIVCs, the rating depended 
on the clinically important limit used to judge imprecision.

4.5. Implications for Practice and Research
Practice should rest on a multidisciplinary protocol defining patient and access selec-

tion, the concentration used locally, review of dose and duration, use of an infusion pump 
and a dedicated line, availability of a reserve access, monitoring frequency, response to 
extravasation, and criteria for transition to CVC [17,20]. Further research should clarify the 
influence of dose, concentration and duration of administration, as well as the impact of 
this practice on the organisation of professionals’ work and on patient outcomes [4,13].

Future studies should report adverse events separately by vasoactive agent and by 
vascular device, presenting the denominator exposed to each drug, the unit of analysis, 
exposure time, the definition and grading system used, the surveillance schedule and follow-
up after the end of infusion. Without such reporting, the literature will continue to produce 
safety estimates that cannot be attributed to any vasopressor or device or compared across 
studies. Comparative studies of peripheral versus central administration, of short PIVCs 
versus midline catheters, and of individual protocol components are needed to establish 
relative safety.
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5. Conclusions
In this rapid review, uncontrolled observational evidence suggests that peripheral 

administration of norepinephrine is feasible for timely initiation of vasopressor support 
in selected critically ill adults when it is delivered through a short peripheral or midline 
catheter within a protocol that includes frequent monitoring and a pre-defined response to 
extravasation. Norepinephrine-specific data come from 18 heterogeneous reports, two of 
which describe overlapping periods of one programme: with short PIVCs, source-defined 
extravasation or infiltration occurred in 0% to 5.6% of exposed patients or infusions in 
14 reports, and with midline catheters in 1 of 472 episodes, alongside thrombotic and 
infectious complications; these frequencies were sensitive to event definitions, ascertainment 
and inclusion decisions. These data do not provide a general estimate of the safety of 
peripheral norepinephrine. Serious injury was rare, with one fasciotomy for tissue necrosis 
among 3734 patients in a mixed-agent cohort, but it was inconsistently assessed, and both its 
frequency and the safety of peripheral relative to central administration remain uncertain. 
Recommendations on catheter gauge, insertion site, monitoring interval, antidotes and 
transition criteria derive mainly from guidance and local protocols and should be applied as 
context-dependent practices; universal limits for concentration, dose and duration cannot 
be derived. The continued use of the peripheral route should be reassessed according to 
clinical course, anticipated duration, required dose and monitoring capacity, and central 
venous access should be considered when these conditions cannot be ensured.
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