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Comparison of ultrasound-guided peripheral intravenous catheter
insertion with landmark technique in paediatric patients:
A systematic review and meta-analysis
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Background: Paediatric peripheral intravenous catheter (PIVC) insertion using traditional landmark insertion technique can be difficult.
Aim: To systematically review the evidence comparing landmark to ultrasound guidance for PIVC insertion in general paediatric patients.
Study design: Cochrane methodology to systematically search for randomised controlled trials comparing landmark to ultrasound-guided PIVC
insertion.
Data sources: Cochrane Central Register of Controlled Trials, US National Library of Medicine, Cumulative Index to Nursing and Allied Health, Embase.
Data extraction: English-language, paediatric trials published after 2000, reporting first-attempt insertion success, overall PIVC insertion suc-
cess, and/or time to insert were included. Central venous, non-venous and trials including only difficult intravenous access were excluded. Data
were independently extracted and critiqued for quality using GRADE by three authors, and analysed using random effects, with results expressed
as risk ratios (RR), mean differences (MD) and 95% confidence intervals (CI). Registration (CRD42020175314).
Results: Of 70 titles identified, 5 studies (995 patients; 949 PIVCs) were included. There was no evidence of an effect of ultrasound guidance,
compared to landmark, for first-attempt insertion success (RR 1.27; 95% CI 0.90–1.78; I2 = 88%; moderate quality evidence), overall insertion suc-
cess (RR 1.14; 95% CI 0.90–1.44; I2 = 82%; low quality evidence), or time to insertion (mean difference �3.03 min; 95% CI �12.73 to 6.67;
I2 = 92%; low quality evidence).
Limitations: Small sample sizes, inconsistent outcomes and definitions in primary studies precluded definitive conclusions.
Conclusions: Large clinical trials are needed to explore the effectiveness of ultrasound guidance for PIVC insertion in paediatrics. Specifically,
children with difficult intravenous access might benefit most from this technology.
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Key Points

1 Insertion of peripheral intravenous catheters (PIVCs) in children
can be difficult and procedural failure is high.

2 There was no clear evidence of improved first-time PIVC inser-
tion success when ultrasound guidance was used, in compari-
son to landmark in paediatric patients.

3 There is an urgent need for large randomised controlled trials
with standardised outcome measures to determine the efficacy
of ultrasound guidance to improve first-time PIVC insertion suc-
cess in paediatric patients.
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Background

Peripheral intravenous catheters (PIVCs) are small, hollow tubes

inserted into veins of the upper or lower limbs in children and neo-

nates used to deliver short-term intravenous therapy.1,2Most children

admitted to hospital require a PIVC;3 however, practitioners and

health-care consumers (patients and parents) often report this proce-

dure to be one of the most challenging aspects of hospitalisation.4

Clinically, this may be due to children’s smaller, less visible veins,

reduced procedural co-operation, increased adiposity and anxiety

compared to their adult counterparts. These challenges, in combina-

tion with limited practitioner training and technical skill, result in a

first-attempt insertion failure rate of approximately 50%.4 Patients

consistently describe PIVC insertion to be the most painful inpatient

procedure4 and failed insertion results in substantial negative sequelae

including: trauma and harm to both the patient and their vasculature,

increased risk of infiltration and extravasation, increased pain and

anxiety, increased morbidity and mortality due to delayed treatment,

andwastage of scarce health-care resources.5

Traditional methods for PIVC insertion involve palpation and

visualisation of a suitable vein, followed by ‘blind’ insertion,

however children’s physiology, and/or the presence or history of

chronic illness mean an appropriate vessel is not always easily

identified. Clinicians are then forced to rely on their knowledge

of advanced vascular anatomy to guide insertion choice and prac-

tices.6 This landmark-based insertion technique may contribute

to the current high insertion failure rate. Patients at highest risk

of PIVC insertion failure are those with difficult intravenous

access (DIVA) and this risk might be reduced with the use of

innovative technology and practices.7–9 Technologies to assist

PIVC insertion have evolved including transilluminators, near

infra-red light devices and ultrasound, all designed to improve

vein identification and/or intra-procedural guidance.10,11

International organisations (e.g. Infusion Nurses Society,12 Emer-

gency Nurses’ Association of the USA,13 The Australian Commission

onQuality and Safety in Healthcare,14 Royal College of Nursing15 and

Association of Anaesthetists of Great Britain and Ireland Safe Vascular

Access 201616) all recommend the use of technology to improve PIVC

first-attempt insertion success. Despite positive findings regarding

ultrasound guidance to improve first-attempt insertion success in

adults, particularly those identified as DIVA, evidence in paediatric

patients appears inconclusive.10 Heinrichs et al.10 attempted to answer

this unresolved question 8 years ago, through a systematic

review and meta-analysis of PIVC insertion with technology

(e.g. transilluminators and near-infrared light devices). Despite the

utility of near-infrared light devices in children with DIVA, they con-

cluded no overall clinical improvement (risk ratio (RR) 0.99; 95%

confidence interval (CI) 0.74–1.33). At the time of that review,

ultrasound-guided PIVC insertion was in its infancy and there were

no randomised controlled trials (RCTs) evaluating its clinical safety

and efficiency. Since then, multiple small clinical trials have been

undertaken comparing the safety and efficiency of ultrasound to

insert PIVC compared to traditional techniques with inconsistent

results.17,18,19–21 To date, there has been no synthesis of these trials to

explore the clinical benefit of ultrasound guidance to improve PIVC

insertion in paediatrics. Therefore, the objective of this systematic

review and meta-analysis was to assess the effect of ultrasound guid-

ance to improve first-attempt insertion success, overall PIVC insertion

success and time to PIVC insertion.

Methods

Design

A systematic review and meta-analysis were undertaken, based

primarily on Cochrane Collaboration systematic review

methods.22 The review was prospectively registered with PROS-

PERO (CRD42020175314) and reported in accordance with the

Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) statement.23

Inclusion and exclusion criteria

Studies were eligible for inclusion if they met pre-defined criteria:

(i) RCT design; (ii) participants were aged <18 years; (iii) ultra-

sound-guided insertion was compared to landmark insertion

techniques; (iv) reported PIVC insertion primary and secondary

outcomes (described below). Studies were excluded if they

reported only DIVA, central venous (e.g. peripherally inserted

central catheters) or non-venous (e.g. arterial) devices, were pub-

lished before 2000 or were not written in English.

Primary and secondary outcomes

The primary outcome was first-attempt PIVC insertion success

(one skin puncture to achieve PIVC insertion; can aspirate and

flush PIVC without resistance).

Secondary outcomes were: total number of insertion attempts

(i.e. number of skin punctures required to successfully insert PIVC),

overall PIVC insertion success, time to insert the PIVC

(i.e. procedural time; as defined by study author), PIVC dwell time

(i.e. functional dwell time measured in hours), patient/parent satis-

faction (as defined by study author e.g. Likert scale), health-care

worker satisfaction (as defined by study author e.g. Likert scale) and

PIVC associated bloodstream infection (as defined by study authors).

Interventions

Ultrasound-guided PIVC insertion was defined as the use of ultra-

sound to locate and select an appropriate vein, with the PIVC

inserted under direct ultrasound visualisation by advancing the

needle into the vein whilst moving the ultrasound probe in the

direction of needle advancement.24 Traditional landmark inser-

tion was defined as insertion of PIVC by palpating and/or

visualising an appropriate vein.

Systematic search

A search of the Cochrane Library and Central Register of Con-

trolled Trials (CENTRAL), US National Library of Medicine

(MEDLINE), Cumulative Index to Nursing and Allied Health and

Embase databases between 2000 and 2020 was undertaken on

23 March 2020 and updated on 25 October 2021. Medical Sub-

ject Heading terms (e.g. ‘Paediatrics’) and relevant keywords and

their variants (e.g. ‘peripheral intravenous catheter’, ‘peripheral
venous catheter’) were used. Search terms were developed in

collaboration with a health-care librarian. Additional studies were

identified through hand searches of bibliographies. An outline of
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the systematic search strategy can be found in Table S1,

Supporting Information.

Data extraction

Data regarding the study setting, population, number of partici-

pants, primary outcome and definition, and secondary outcomes

and definitions were extracted independently by three review

authors (TMK, JS, RP) using a standardised data extraction form,

managed in Microsoft Excel.

Risk of bias

Studies fulfilling the inclusion criteria were assessed for their

methodological quality by two review authors (TMK, JS) utilising

the Cochrane Risk of Bias (RoB2).25,26 Trials’ risk of bias was

assessed using the five following domains (random sequence

generation, allocation concealment, blinding, attrition and

reporting bias).26 Grading of Recommendations Assessment,

Development and Evaluation (GRADE)27 approach was used for

assessment of the overall quality of evidence for each outcome

(Table 1). Individual RCTs began at high quality, we downgraded

the level of evidence by one for ‘serious’ or two for ‘very serious’
study limitations (high risk of bias, serious inconsistency, publica-

tion bias or indirectness of evidence). Any disagreements

between the review authors were resolved by discussion with a

third reviewer (RP).

Data analysis and synthesis

Where two or more trials with sufficient evidence of study homo-

geneity with respect to trial interventions and population were

identified, meta-analysis using RevMan 5 (version 5.4.1)28 with

random effects was conducted. Where there was evidence of sig-

nificant heterogeneity among eligible trials or their samples, a

narrative analysis of the findings was provided. The primary anal-

ysis involved comparison of treatment effect using the primary

outcome measure, and RR with 95% CI were used to measure

intervention effect for PIVC insertion success rate. Mean differ-

ence (MD) and 95% CI for continuous outcomes (e.g. time for

insertion) were calculated and the standardised MD (difference

between experimental and control groups across trials) reported

as the summary statistic. Descriptive statistics were used to sum-

marise information regarding study population, interventions and

results. Given the heterogeneity of study populations, subgroup

analyses were planned for emergent versus non-emergent PIVC

insertion, and PIVC inserted by health-care practitioners spec-

ialising in vascular access versus other health-care professionals.

However, there were insufficient discrete data to undertake these

subgroup analyses.

Results

Search strategy

Figure 1 describes the flow of inclusion and exclusion for study

selection, in accordance with the PRISMA guidelines.29 Following

removal of duplicates, 70 records were identified, with Ta
b
le
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32 justifying full-text review. Finally, five studies were included

in the review.17–21

Study characteristics

Included studies reported outcomes in a total of 995 patients and

949 successful PIVC insertions. All included studies were RCTs,

undertaken in Brazil,17 France,18 Canada19 or the USA.20,21 The

age of trial participants ranged from birth to 18 years of age. All

children included in the reviewed studies required hospital

admission either via the emergency department19,20 or for a sur-

gical procedure.17,18,21 Of the studies undertaken in children

requiring a surgical procedure (n = 3), two were undertaken in

the operating theatre post inhalational gas,18,21 the third study

included fully conscious surgical inpatients. The majority of stud-

ies were undertaken within the last 10 years18,21,30 with the

exception of Doniger et al.20 (undertaken between 2006 and

2007) and Avelar et al.17 (dates of data collection were not clear);

however, the results were published in 2013. Ultrasound-guided

technology was the intervention described in all studies with one

study23 also including use of the vein viewer as a concomitant

intervention. Table 2 describes the populations and PIVC

insertion characteristics of the included studies. All trials

described evidence of ethical review board approval and partici-

pant consent for trial participation. No trial acknowledged indus-

try support, either in part or in full to undertake the trial.19

Study quality

The quality of the studies was mixed, with incomplete reporting of

denominators of outcomes and poor outcome definition consis-

tency. Most domains were assessed as low risk of bias. There was

some risk of bias concerns regarding blinding of participants and

personnel to the intervention, which was assessed as high risk in

all studies due to the nature of the intervention. Three trial investi-

gators reported the use of computer-generated randomisa-

tion17,19,21 and two studies stated that sealed, opaque envelopes

were used however they did not report use of a tamper seal18,20

and only one study reported that the envelopes were numbered.18

Figure 2 illustrates the risk of bias for each domain across all trials.

Primary outcome: First-time PIVC insertion success
Of the four trials that assessed the review’s primary outcome of

first-attempt insertion success17–19,21 (Fig. 2a), we found no evi-

dence of an effect of ultrasound guidance, in comparison to
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landmark (RR 1.27; 95% CI 0.90–1.78). There was moderate

quality evidence for this outcome, with high statistical heteroge-

neity (I2 = 88%).

Secondary outcomes
Overall PIVC insertion success. The incidence of overall PIVC

insertion success was reported in four studies.17,18,20,21 Compared

to landmark technique, Figure 2b demonstrates no evidence of

an overall effect when ultrasound guidance was used to insert

PIVCs (RR 1.14; 95% CI 0.90–1.44). Evidence was of low quality

and statistical heterogeneity high (I2 = 82%).

Time to successful insertion. Similarly no overall effect

(MD 3.03 min; 95% CI �12.73 to 6.67) was demonstrated for

time to PIVC insertion (Fig. 2c) when ultrasound guidance was

used.20,31 Statistical heterogeneity was high (I2 92%) and the

quality of evidence was low.

Other outcomes. We found insufficient trials reporting dwell

time, patient/parent satisfaction, health-care worker satisfaction

and infection.

Discussion

In this systematic review and meta-analysis of ultrasound-guided

PIVC insertion for general paediatric patients compared to land-

mark technique, there was no clear improvement in first-attempt

Fig. 2 Meta-analysis of studies reporting (a) first-time PIVC insertion success, (b) overall PIVC insertion success, (c) time to PIVC insertion success. CI,
confidence interval; PIVC, paediatric peripheral intravenous catheter.
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insertion success, overall insertion success or time to PIVC inser-

tion. However, lack of standard outcome definitions, inclusion

criteria and study populations limit interpretation. Given the het-

erogeneity of the studies from which the data were drawn,

pooled results should be interpreted with caution. The data char-

acterise the best available evidence for clinical care, help identify

sources of variability in results across studies, and inform future

sample size calculations. Due to the heterogenous trial popula-

tion, we estimate a sample size of 7000 patients (3500 per group)

is required to demonstrate superiority with 80% power assuming

a two-sided χ2 test and significance level (α) of 0.05.32 Acknowl-

edging the limited feasibility of achieving this sample size a more

realistic and clinically relevant focus might be on patients most

likely to benefit from ultrasound-guided PIVC insertion such as

children with DIVA.

Clinically, ultrasound might provide a valuable adjunct to PIVC

insertion in the paediatric population where first-attempt inser-

tion failure using landmark technique is high.4 This is likely due

to the child’s presenting pathology, smaller vessel size, increased

adiposity and reduced procedural compliance.33 However, as

with all new medical procedures there is a learning curve that

leads practitioners along the novice to expert continuum. In an

observational study (n = 1077), 33 newly trained inserters

reached 80% first-attempt insertion success after four ultrasound

PIVC insertions in adult patients.34 The learning curve to achieve

greater proficiency then steepens markedly, requiring 60 inser-

tions to achieve 94% first-attempt insertion success. Presumably,

the numbers required to achieve this might be greater in chil-

dren. Practically, ultrasound should provide thorough real-time

assessment of the vein depth, diameter and quality, including val-

ves, venous bifurcation, blood flow and the presence of other

structures such as arteries and nerves. The extent to which ultra-

sonography is used for venous assessment and PIVC insertion is

operator dependent and can lead to varying outcomes based on

skill level. Only a few studies, including those included in this

review have systematically explored the association between dif-

ferent methods of PIVC insertion and the incidence of adverse

events such as pain, anxiety, haematoma or nerve injury. In con-

trast, some observational studies have reported increased compli-

cations related to ultrasound-guided PIVC due to infiltration,

dislodgement and thrombosis.35–37 Therefore, to improve inser-

tion success and reduce complications during PIVC dwell, further

large, paediatric cohort studies are needed to investigate the rela-

tionship between these two important outcomes.

Acknowledging the significant heterogeneity between the studies

included in this review, the resultant lack of effect is unsurprising.

Similarly, conflicting results were observed in early adult reviews

that initially reported contradictory or inconclusive results when

ultrasound guidance was compared to landmark PIVC insertion.20

Most recently, however,19 a systematic review and meta-analysis

(5 RCTs; 3 cohort studies; 1660 patients) reported definitive results

demonstrating an overall insertion success of 81% when ultrasound

was used, compared to 70% with landmark technique (odds ratio

(OR) 2.49, 95% CI 1.37–4.52, P = 0.003). They also reported signif-

icantly fewer attempts, reduced time to insertion and increased

patient satisfaction. For patients with DIVA, evidence for ultrasound

guidance for PIVC insertion was particularly compelling with 75%

versus 49% first-attempt insertion success (OR 3.23, 95% CI 1.35–

7.72, P = 0.008). The promising results demonstrated in large adult

RCTs confirm the need for similarly large, paediatric clinical trials

which might demonstrate consistent results.

Although an overall effect was not demonstrated, this review

has substantial clinical and research implications. Some paediatric

studies20,21 support ultrasound guidance for DIVA which is con-

sistent with the adult literature.38 Incorporating validated tools to

identify patients where difficulty is predicted prior to a failed

PIVC insertion attempt would enable earlier escalation to expert

practitioner and/or technology; however, a validated escalation

pathway to ensure the right skilled clinician makes the first inser-

tion attempt is lacking.39,40 Rippey et al.41 demonstrated statisti-

cally that clinician gestalt (gut instinct) is a predictor of PIVC

insertion success. This has important implications for not only

patient assessment (risk of DIVA) but self-assessment prior to

PIVC insertion. Further research is urgently needed combining

assessment and identification of potential DIVA patients coupled

with an escalation pathway with recommendation for skilled cli-

nician (novice, intermediate or expert) and requirement for

technology-assisted insertion.

This review has several limitations. Firstly, the shortcomings in

the number, sample size, design quality and heterogeneity of the

included studies. The setting and total number of included

patients varied widely. For example, the extremes in patient

groups included patients presenting to the emergency department

unwell, unco-operative and anxious,19,20 compared to other

studies that reported PIVC insertion whilst the child was

anaesthetised.21 Future studies should stratify for this difference

to ensure equal allocation. In addition, some studies reported

DIVA patients but lacked a definition of how DIVA was ascribed

limiting our ability to undertake subgroup analysis. Second, we

limited our inclusion criteria to English language which might

have excluded some trials with important outcomes.

This study also has important strengths. To our knowledge, this

is the first systematic review and meta-analysis in paediatrics

comparing ultrasound-guided PIVC insertion to traditional land-

mark technique. This is important because of the unique chal-

lenges associated with the use of this new technology in this

vulnerable patient cohort. Although based on a small number of

studies, our review only included RCTs which provide the highest

quality evidence, and we used best practice methods for system-

atic review methodology.

Conclusion

This review has demonstrated large, sufficiently powered RCTs

are needed to explore the effectiveness of ultrasound guidance

compared to landmark to insert PIVC in children. Future studies

should consider patient-centred outcome measures such as pain,

anxiety, patient and clinician satisfaction as well as focussing the

evaluation of this intervention towards the population that may

most benefit, for example, children with DIVA.
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