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OBJECTIVE: Insertion and function of pediatric peripheral
intravenous catheters (PIVCs) present challenges. We
systematically reviewed techniques and technologies
to improve PIVC outcomes (first-time insertion success,
overall insertion success, time to insertion, dwell time,
failure, and complications).
DATA SOURCES: Cochrane Central Register of Controlled
Trials (CONTROL), Cumulative Index to Nursing and Allied
Health (CINAHL), US National Library of Medicine, and
Embase.
STUDY SELECTION: English-language pediatric trials
published post 2010 reporting PIVC outcomes.
DATA EXTRACTION: Following Cochrane standards, two
authors screened, extracted, and critiqued study quality
(Grading of Recommendations Assessment, Development
and Evaluation approach) data, random effects analysis,
results expressed as risk ratios (RR), mean differences (MD)
and 95% CIs.
RESULTS: Twenty-one studies (3237 children; 3098 PIVCs)
were included. First-time insertion success significantly

P

eripheral intravenous catheters (PIVCs) are fundamental to the healthcare practitioners’ ability to provide
vital intravenous fluids, medications, and blood products, and as a prophylactic measure prior to some procedures, making insertion of these devices the most common
in-hospital invasive procedure in pediatrics.1,2 Despite the
prevalence and ubiquity of PIVCs,1 successful insertion in pediatrics is problematic,3-5 and device dysfunction prior to completion of treatment is common.3,6 The inability to attain timely
PIVC access and maintain postinsertion function has significant
short- and long-term sequelae, including pain and anxiety for
children and their parents,3,7 delays in treatment,3 prolonged
hospitalization,8 and increased healthcare-associated costs.8-10
Approximately 50% of pediatric PIVC insertions are challenging, often requiring upwards of four insertion attempts,
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increased with ultrasound guidance (compared with
landmark insertion; RR, 1.60; 95% CI, 1.02-2.50). Use of
ultrasound guidance (compared with landmark insertion)
did not improve overall PIVC insertion success (RR, 1.10;
95% CI, 0.94-1.28). There was no evidence of an effect
of near-infrared (compared with landmark) on first-time
insertion success (RR, 1.21; 95% CI, 0.91-1.59) or number
of attempts (MD, –0.65; 95% CI, –1.59 to 0.29); however,
it significantly reduced PIVC insertion time (MD, –132.47;
95% CI, –166.68 to –98.26) and increased first-time
insertion success in subgroup analysis of patients with
difficult intravenous access (RR, 2.72; 95% CI, 1.02-7.24).
LIMITATIONS: Few studies per intervention, small sample
sizes, and inconsistent outcome measures precluded
definitive conclusions.
CONCLUSIONS: Ultrasound and near-infrared appear
to improve pediatric PIVC insertion. High-quality studies
examining the full extent of techniques and technologies
are needed. Registration: CRD42020175314 Journal of
Hospital Medicine 2021;16:XXX-XXX. © 2021 Society of
Hospital Medicine

and a similar proportion fail prior to treatment completion.3,11
Exactly why PIVC insertion is difficult in children, and the mechanisms of failure, are unknown. It is likely to be multifaceted
and related to factors concerning the patient (eg, comorbidities, age, gender, adiposity),11,12 provider (eg, insertion practice, care, and maintenance),3,13,14 device (eg, size, length,
catheter-to-vein ratio),15,16 and therapy (eg, vessel irritation).11,13,17 Observational studies and randomized controlled
trials (RCTs) in hospitalized pediatric patients report that the
average PIVC dwell is approximately 48 hours, suggesting multiple PIVCs are required to complete a single admission.3,18
Conventionally, PIVC insertion involved physical assessment
through palpation and visualization (landmark approach), and
although postinsertion care varies among healthcare facilities, minimal requirements are a dressing over the insertion
site and regular flushes to ensure device patency.1,3,19 Recently,
clinicians have investigated insertion and management practices to improve PIVC outcomes. These can be grouped into
techniques—the art of doing (the manner of performance,
or the details, of any surgical operation, experiment, or mechanical act) and technologies—the application of scientific
knowledge for practical purposes.20 Individual studies have
examined the outcomes of new techniques and technologies;
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however, an overall estimation of their clinical significance or
effect is unknown.11,18 Therefore, the aim of this review was
to systematically search published studies, conduct a pooled
analysis of findings, and report the success of various techniques and technologies to improve insertion success and reduce overall PIVC failure.

updated March 4, 2021. Medical Subject Heading (MeSH)
terms and relevant keywords and their variants were used in
collaboration with a healthcare librarian (Appendix Table 1).
Additional studies were identified through hand searches of
bibliographies.19 Studies were included if two authors (TMK
and JS) independently agreed they met the inclusion criteria.

METHODS

Data Extraction

Design

The protocol for this systematic review was prospectively registered with PROSPERO (CRD42020165288). This review followed Cochrane Collaboration systematic review methods21
and was reported in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement.22

Inclusion and Exclusion Criteria
Studies were eligible for inclusion if they met predefined
criteria: (1) RCT design; (2) included standard-length PIVC;
(3) participants aged 0 to 18 years, excluding preterm infants
(less than 36 weeks’ gestation); (4) required PIVC insertion in
an inpatient healthcare setting; and (5) reported PIVC insertion
outcomes (described below). Studies were excluded if they
were cluster or crossover RCTs, published before 2010, or not
written in English.

Interventions
Interventions were PIVC insertion and management techniques, defined as “the manner of performance, or the details,
of any surgical operation, experiment, or mechanical act” (eg,
needle-tip positioning, vein selection [site of insertion], comfort
measures, and flushing regimen), or technologies, defined as
“the application of scientific knowledge for practical purpose”
(eg, vessel visualization, catheter material, and catheter design), compared with current practice, defined as commonly
known, practiced, or accepted (eg, landmark PIVC insertion).20

Primary and Secondary Outcomes
The primary outcome was first-time insertion success (one skin
puncture to achieve PIVC insertion; can aspirate and flush PIVC
without resistance).23 Secondary outcomes included: (1) overall
PIVC insertion success23; (2) all-cause PIVC failure (cessation of
PIVC function prior to treatment completion)6; (3) dwell time14;
(4) PIVC insertion time; (5) insertion attempts23; (6) individual
elements of failure (dislodgement, extravasation, infection,
occlusion, pain, phlebitis, and thrombosis)6; and (7) patient/
parent satisfaction. Some outcomes evaluated were author
defined within each study (patient/parent satisfaction, pain
score).

Systematic Search
A search of the Cochrane Library and Central Register of Controlled Trials (CENTRAL), Cumulative Index to Nursing and
Allied Health (CINAHL), US National Institutes of Health National Library of Medicine (PubMed), and Embase databases
between 2010 to 2020 was undertaken on June 23, 2020, and
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Two authors (TMK/JS) independently abstracted study data using a standardized form managed in Microsoft Excel.

Quality Assessment
Included studies were assessed by two authors (TMK and JS)
for quality using the Cochrane risk of bias (RoB2) tool.21,24 The
overall quality of evidence for each outcome was assessed
using the Grading of Recommendations Assessment, Development and Evaluation (GRADE)25 approach. Individual RCTs
began at high quality, downgraded by one level for “serious”
or two levels for “very serious” study limitations, including high
risk of bias, serious inconsistency, publication bias, or indirectness of evidence.

Data Analysis and Synthesis
Where two or more trials with evidence of study homogeneity (trial interventions and population) were identified, metaanalysis using RevMan 5 (version 5.4.1)26 with random effects
was conducted. Descriptive statistics summarized study population, interventions, and results. For dichotomous outcomes,
we calculated risk ratio (RR) plus 95% CI. For continuous outcomes, we planned to calculate the mean difference (MD) plus
95% CI and the standardized mean difference (SMD) (difference between experimental and control groups across trials)
reported as the summary statistic.
Subgroup analyses, where possible, included: difficult intravenous access (DIVA), defined by study authors; age (0-3 years;
>3 years up to 18 years); hospital setting during PIVC insertion
(awake clinical environment vs awake emergency department
vs asleep operating room setting); and by operator (bedside
nurse, anesthesiologist).

RESULTS

Search Strategy
Figure 1 describes study selection in accordance with the
PRISMA guidelines.22 We identified 1877 records, and 18 articles met the inclusion criteria. An additional 3 studies were
identified in the updated search, totaling 21 studies included
in the final review.

Study Characteristics
Collectively, 3237 patients and 3098 successful PIVC insertions were reported. In the included studies, 139 patients
did not receive a PIVC owing to failed insertion. Ten studies
examined techniques (needle-tip positioning,27 vein choice
for PIVC insertion,28 flushing regimen,29-31 nonpharmacological32,33 dressing and securement,34,35 and pharmacological
comfort measures36), and 11 studies examined technologies
An Official Publication of the Society of Hospital Medicine

Study Quality

Screening
Included

(vessel visualization including ultrasound,4,37-40 near-infrared [image of
vein projected onto the skin],37,41-44
transillumination [transmission of
light through the skin],45 and catheter design46). Table 1 outlines characteristics of included studies. Most
trials were single center and conducted in an acute inpatient pediatric-specific setting4,27-34,36-41,44-46 or
dedicated pediatric unit in a large
public hospital35,43,44; one study
was a multicenter trial.36 All trials
described evidence of ethical review board approval and participant consent for trial participation.

Identification

Intravenous Access Techniques and Technologies | Kleidon et al

Records identified through database search (n =2433)
Records identified from other sources (n = 6)

Records removed before screening:
Duplicate records (n = 562)
	Records marked as ineligible by automation tools (n = 0)
Records removed for other
reasons (n = 0)

Records screened (n =1877)

Records excluded (n = 1748)

Reports sought for retrieval (n =129)

Reports not retrieved (n = 0)

Reports assessed for eligibility (n = 129)

Reports excluded:
Clinical trial registration (n = 7)
Additional duplicates (n = 4)
Wrong outcome (n = 6)
Wrong population (n = 13)
Wrong study design (n = 81)

Studies included in review (n = 18)

Additional studies identified in updated search (n = 3)
The certainty of evidence at the
outcome level varied from moderStudies included in final review (n = 21)
ate to very low. Table 2 and Table 3
outline the summary of findings for
FIG. PRISMA Flow Chart
landmark insertion compared with
ultrasound-guided and landmark
no evidence of effect related to phlebitis (RR, 0.32; 95% CI,
insertion compared with near-infrared PIVC insertion, respec0.07-1.50).
tively. The remaining summary-of-findings comparisons that
Four studies4,38-40 compared the review’s secondary outcome
included more than one study or addressed clinically relevant
questions can be found in Appendix Tables 2, 3, 4, 5, 6, 7, and
of PIVC insertion success (Appendix Figure 2.2), with no evi8. At the individual study level, most domains were assessed as
dence of an effect (RR, 1.10; 95% CI, 0.94-1.28). No improvelow risk of bias (Appendix Figure 1).
ment in overall insertion success was demonstrated in the
following subgroup analyses: patients with DIVA (RR, 1.18;
95% CI, 0.95-1.47), children under 3 years of age (RR, 1.23;
Effectiveness of Interventions
95% CI, 0.90-1.68), and PIVCs inserted by anesthesiologists
Technology to Improve PIVC Outcomes
(RR, 1.25; 95% CI, 0.91-1.72). One study measured this outLandmark compared with ultrasound-guided PIVC insercome in children aged >3 years (RR, 1.13; 95% CI, 0.99-1.29)
tion. Five studies compared PIVC insertion success outcomes
with no effect and in the emergency department (RR, 1.09;
when traditional landmark technique was used in comparison
95% CI, 1.00-1.20), where ultrasound guidance improved overwith ultrasound guidance (Appendix Figure 2). Four studies (592
all PIVC insertion success.
patients)4,37,38,40 assessed the primary outcome of first-time inLandmark compared with near-infrared PIVC insertion.
sertion success. Appendix Figure 2.1 demonstrates PIVCs were
First-time insertion success (Appendix Figure 3.1) was report1.5 times more likely to be inserted on first attempt when ultraed in five studies37,41-44 and 778 patients with no evidence of
sound guidance was used compared with landmark insertion
(RR, 1.60; 95% CI, 1.02-2.50). When examining only studies
effect (RR, 1.21; 95% CI, 0.91-1.59). Subgroup analysis by
that included DIVA,4,38,40 the effect size increased and CIs tightDIVA41-44 demonstrated first-time insertion success more than
ened (RR, 1.87; 95% CI, 1.56-2.24). No evidence of effect was
doubled with near-infrared technology compared with landdemonstrated when comparing this outcome in children
mark (RR, 2.72; 95% CI, 1.02-7.24). Subgroup analysis by age
aged 0 to 3 years (RR, 1.39; 95% CI, 0.88-2.18) or >3 years
did not demonstrate an effect in children younger than 3 years
(RR, 0.72; 95% CI, 0.35-1.51. Two studies4,38 demonstrator children older than 3 years. Subgroup analysis by clinician
inserting did not demonstrate an effect. Of the five studies reed that first-time insertion success with ultrasound (comporting time to insertion,37,41-44 two41,42 reported median rather
pared with landmark) was almost twice as likely (RR, 1.87;
95% CI, 1.44-2.42) after induction of anesthesia in contrast
than mean, so could not be included in the analysis. Of the
to no effect in studies undertaken in the emergency departremaining three studies,37,43,44 near-infrared reduced PIVC time
ment37,40 (RR, 1.32; 95% CI, 0.68-2.56). One study39 (339 pato insertion (Appendix Figure 3.2).
Four studies37,42-44 reported the number of attempts required
tients) reported the secondary outcomes of extravasation/
infiltration and phlebitis. Extravasation/infiltration was nearfor successful PIVC insertion where no difference was detectly twice as likely with ultrasound compared with landmark
ed; however, subgroup analysis of patients with DIVA43,44 and
insertion (RR, 1.80; 95% CI, 1.01-3.22); however, there was
insertion by bedside nurse43,44 demonstrated fewer PIVC inser-
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TABLE 1. Key Characteristics of Included Studies
Author, country

Method

Participants

Interventions

Outcomes

Notes

A. Technologies
Avelar et al39
Brazil

Single-center RCT

302 patients (aged 1 d-18 y) admitted to
surgical inpatient unit

Ultrasound-guided PIVC insertion
Landmark PIVC insertion

First-time insertion success;
catheter dwell time; incidence of
infiltration and phlebitis

Benkhadra et al38
France

Single-center RCT

40 patients (aged <3 y) with PIVC
insertion post–inhalational anesthesia
induction

Ultrasound-guided PIVC insertion
Landmark PIVC insertion

Overall PIVC insertion success;
first-time insertion success;
time to cannulation; number
of insertion attempts; type of
catheter used

Curtis et al37
Canada

Single-center RCT

418 patients (up to age 16 y) presenting to Ultrasound-guided PIVC insertion
the emergency department
Near-infrared–guided PIVC insertion
Landmark PIVC insertion

First-time insertion success;
number of insertion attempts;
time to successful PIVC insertion

Demir and Inal44
Turkey

Single-center RCT

129 patients (aged 3-8 y) with peripheral
intravenous access assessed as easy
(n=50), intermediate (n=35), and difficult
(n=44)51 admitted to the pediatric unit

Near-infrared–guided PIVC insertion
Landmark PIVC insertion

First-time insertion success;
number of insertion attempts;
time to successful PIVC insertion

Gümüs and Basbakkal45
Turkey

Single-center RCT

112 patients (aged 1-10 y) presenting to
the emergency department

Transilluminator-guided PIVC insertion
Landmark-guided PIVC insertion

First-time insertion success;
number of insertion attempts;
time to successful PIVC insertion

Hanada et al4
United States

Single-center RCT

102 patients (weight ≥3 kg and aged
<4 y); operating room suite

Ultrasound-guided PIVC insertion
Landmark PIVC insertion

First-time insertion success;
success rate of PIVC insertion
within 10 min

Inal and Demir43
Turkey

Single-center RCT

54 patients (aged, 0-36 mo) with
peripheral intravenous access assessed
as easy (n=20), intermediate (n=12),
and difficult (n=22)51 admitted to the
pediatric unit

Near-infrared–guided PIVC insertion
Landmark PIVC insertion

First-time insertion success;
number of insertion attempts;
time to successful PIVC insertion

Kaddoum et al42
United States

Single-site RCT

146 patients (aged 0-18 y) scheduled
for elective surgery; PIVCs inserted after
inducing a state of anesthesia with
anesthetic gas

Near-infrared–guided PIVC insertion
Landmark PIVC insertion

Number of insertion attempts;
time to successful PIVC insertion

Kim et al41
Korea

Single-site RCT

Near-infrared–guided PIVC insertion
111 patients (aged 1 mo-16 y) with
peripheral intravenous access assessed
Landmark PIVC insertion
as easy (n=36), intermediate (n=28), and
difficult (n=47)51 in inpatient pediatric unit

First-time insertion success; time
to successful PIVC insertion

Qin et al46
Australia

Single-center pilot
RCT

72 children (aged 1-17 y) undergoing
Long PIVC: received an 8-cm (3.1-in)
surgery and requiring 48 h of postoperative 22-G Leaderflex catheter (Vygon
intravenous therapy
GmbH & Co. )
Standard PIVC: 2.5-cm (1-in) 22-G
PIVC (Introcan Safety; B. Braun)

Catheter failure due to any
complication; individual elements
of catheter complication,
including infiltration, phlebitis,
dislodgement, and occlusion

Vinograd et al40
United States

Single-center RCT

167 pediatric patients in an urban tertiary
pediatric emergency department and
requiring PIVC insertion

First-time insertion success; time
to insertion; number of insertion
attempts; overall PIVC dwell;
PIVC complications; parental
satisfaction

Ultrasound-guided PIVC insertion
Landmark PIVC insertion

Funding support from the
Women’s and Children’s
Health Research Institute,
Stollery Children’s Hospital
Foundation

Continued on page E4

tion attempts and a reduction in insertion time, respectively,
with the use of near-infrared technology (Appendix Figure 3.3).
Landmark compared with transillumination PIVC insertion. One study45 (112 participants) found a positive effect with
the use of transillumination and first-time insertion success
(RR, 1.29; 95% CI, 1.07-1.54), reduced time to insertion
(MD, –9.70; 95% CI, –17.40 to –2.00), and fewer insertion attempts (MD, –0.24; 95% CI, –0.40 to –0.08) compared with
landmark insertion.
Long PIVC compared with short PIVC. A single study46
demonstrated a 70% reduction in PIVC failure (RR, 0.29;
95% CI, 0.14-0.59) when long PIVCs were compared with standard PIVCs. Specifically, PIVC failure due to infiltration was reduced with the use of a long PIVC (RR, 0.08; 95% CI, 0.01-0.61).
There was no difference in insertion success (RR, 1.00; 95% CI,
0.95-1.05) or phlebitis (RR, 1.00; 95% CI, 0.07-15.38).
E4
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Technique to Improve PIVC Outcomes
Static ultrasound-guided compared with dynamic needletip PIVC insertion. In a single study comparing variation in
ultrasound-guided PIVC insertion technique27 (60 patients),
dynamic needle-tip positioning improved first-time insertion
success (RR, 1.44; 95% CI, 1.04-2.00) and overall PIVC insertion
success (RR, 1.42; 95% CI, 1.06-1.91).
Variation in vein choice for successful PIVC insertion. Insertion of PIVC in the cephalic vein of the forearm improved
insertion success in a single study28 of 172 patients compared with insertion in the dorsal vein of the hand (RR, 1.39;
95% CI, 1.15-1.69) and great saphenous vein (RR, 1.27;
95% CI, 1.08-1.49).
Variation in PIVC flush. Heparinized saline compared
with 0.9% sodium chloride flush29 did not reduce infiltration (RR, 0.31; 95% CI, 0.03-2.84), occlusion (RR, 1.88;
An Official Publication of the Society of Hospital Medicine
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TABLE 1. Key Characteristics of Included Studies (continued)
Author, country

Method

Participants

Interventions

Outcomes

Notes

B. Techniques
Buyukyilmaz et al35
Turkey

Single-center RCT

60 pediatric patients (aged 2-24 mo) in
1. Primary PIVC dressing
pediatric clinical unit within a large public 2. Primary PIVC dressing + protective
hospital undergoing PIVC insertion into
covering (I.V. House )
metacarpal vein to infuse penicillin to treat
lower respiratory tract infection

PIVC dwell time; phlebitis

Hartling et al33
Canada

Single-center RCT

42 patients (aged 3-11 y) presenting to the 1. No intervention
emergency department
2. Music as method of distraction

PIVC insertion success; patient
distress measured using
the OSBD-R52; change in
self-reported pain; heart rate;
parent and healthcare provider
satisfaction

Kleidon et al31
Australia

Single-center pilot
2×2 factorial RCT

55 pediatric patients (aged birth-18 y) who 1. Low-frequency flush: every 24 h
were medical or surgical inpatients
2. High-frequency flush: every 6 h
3. High-volume flush: 10 mL sodium
chloride
4. Low-volume flush: 3 mL sodium
chloride

Feasibility, including parent or
caregiver and staff satisfaction;
PIVC failure and individual
elements of PIVC failure due to
infection, occlusion, infiltration,
dislodgement, phlebitis; PIVC
dwell; safety

Funding through unrestricted
industry grant

Kleidon et al34
Australia

Single-center pilot
RCT

330 patients (aged birth-18 y) who were
medical or surgical inpatients

1. BPU dressing (TegadermAdvanced
1683 or 1682; 3M)
2. Integrated securement dressing
SorbaView SHIELD micro SV226UDT or
small SV254UDT (Centurion Medical
Products Corporation)
3. Tissue adhesive (Histoacryl; B.
Braun Melsungen AG) covered with
TegadermAdvanced (3M)

Feasibility including parent or
caregiver and staff satisfaction;
PIVC failure; individual
elements of PIVC failure due to
infection, occlusion, infiltration,
dislodgement, phlebitis; PIVC
dwell; safety

Funding through unrestricted
industry grant

Schmitz et al36
United States

Multisite
randomized, doubleblind, placebocontrolled trial

504 pediatric patients (aged 3-18 y)
who required venous cannulation at the
antecubital fossa or back of hand as part
of their standard medical care

1. Active lidocaine spray (ie, needlefree powder lidocaine delivery system)
2. Sham placebo group: contained
an identical delivery system without
lidocaine

PIVC insertion success; analgesic Funding for trial and other
efficacy; safety assessment,
support, including trial
including skin damage
design, interpretation of
data, and statistical support,
from Anesiva, a late-stage
biopharmaceutical company

Schreiber et al30
Italy

Single-center RCT

198 pediatric patients (aged 1-17 y) who
required intravenous access for at least
24 h without continuous infusion

1. Low-frequency flush: PIVC flushed
with 0.9% prefilled sodium chloride
syringe every 24 h
2. High-frequency flush: PIVC flushed
with 0.9% prefilled sodium chloride
syringe every 12 h

Catheter patency; extravasation;
pain; erythema; swelling

Takeshita et al27
Japan

Single-center RCT

60 pediatric patients (aged <2 y) in the
pediatric intensive care unit who required
insertion of a PIVC

1. Dynamic needle tip
2. Static needle tip

PIVC insertion success; first-time
insertion success; PIVC insertion
within 10 min; number of PIVC
insertion attempts

Takeshita et al28
Japan

Single-center RCT

172 pediatric patients (weight <20 kg)
scheduled for elective surgery; PIVCs
were inserted after inducing a state of
anesthesia with anesthetic gas

1. Ultrasound-guided PIVC insertion at PIVC insertion success; number
dorsum of hand
of PIVC insertion attempts; time
2. Ultrasound-guided PIVC insertion at to successful PIVC insertion
cephalic vein of forearm
3. Ultrasound-guided PIVC insertion at
great saphenous vein

White et al29
United States

Single-center RCT

62 children (aged 1 mo-17 y) admitted to
a large urban hospital and who required
insertion of PIVC

Heparinized saline flush/normal saline
flush

PIVC patency; redness; swelling;
blood in catheter; bruising;
leakage; pain; burning; clotting;
infiltration

Wolyniez et al32
Israel

Single-center pilot
RCT

47 children (aged 3-16 y) who required
insertion of PIVC or venipuncture in the
emergency department, excluding children
with developmental disabilities

1. Medical clown distraction
2. Usual departmental procedural
distraction

PIVC insertion success; pain
score; adult anxiety; number
of insertion attempts; time to
successful PIVC insertion

Abbreviations: BPU, bordered polyurethane; OBSD-R, Observational Score of Behavioural Distress-revised; PIVC, peripheral intravenous catheter; RCT, randomized controlled trial.

95% CI, 0.18-19.63) during dwell, or hematoma (RR, 0.94; 95% CI,
0.06-14.33) at insertion.
Two studies30,31 (253 participants) compared PIVC flush frequency (daily compared with more frequent flush regimes).
There was no reduction in overall PIVC failure, extravasation/
infiltration, phlebitis, or occlusion during dwell (Appendix FigAn Official Publication of the Society of Hospital Medicine

ure 4.1-4.4). Additionally, no effect was demonstrated when a
single study31 investigated volume of flush on extravasation/
infiltration, dislodgement, phlebitis, or occlusion.
Variation in dressing and securement. One trial (330
participants)34 demonstrated that integrated securement
and dressing (ISD) product reduced PIVC failure (RR, 0.65;
Journal of Hospital Medicine® Published Online November 2021
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TABLE 2. Summary of Findings: Landmark Compared With Ultrasound-Guided PIVC Insertion
Patient or population: Pediatrics
Setting: Hospitalized pediatric patients
Intervention: Landmark insertion
Comparison: Ultrasound-guided insertion
Outcomes

Anticipated absolute effectsa (95% CI)

Relative effect
(95% CI)

No. of participants
(studies)

Certainty of the evidence
(GRADE)b

Risk with ultrasoundguided insertion

Risk with landmark
insertion

First-time insertion success

790/1000

498/1000
(316-775)

RR, 0.63
(0.40-0.98)

592
(4 RCTs)

V
(Very low)c,d

Overall insertion success

895/1000

814/1000
(698-957)

RR, 0.91
(0.78-1.07)

691
(4 RCTs)

V
(Very low)c,d

Extravasation/infiltration

129/1000

211/1000
(130-323)

OR, 1.80
(1.01-3.22)

339
(1 RCT)

VVV
(Moderate)d

Phlebitis/pain

39/1000

13/1000
(3 -59)

RR, 0.32
(0.07-1.50)

339
(1 RCT)

VV
(Low)e

The mean time to insertion
was 0

MD, 0.9 higher
(0.03 higher to 1.77 higher)

–

283
(1 RCT)

VV
(Low)d,f

Time to insertion

The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
GRADE Working Group grades of evidence:
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.
c
Downgraded 2 levels: inconsistency (heterogeneity >75%).
d
Downgraded 1 level: imprecision (small sample size).
e
Downgraded 2 levels: imprecision (small sample size and wide CI).
f
Downgraded 1 level: indirectness (incomplete outcome measure).
Abbreviations: GRADE, Grading of Recommendations Assessment, Development and Evaluation; MD, mean difference; OR, odds ratio; PIVC, peripheral intravenous catheter; RCT, randomized
controlled trial; RR, relative risk.
a

b

TABLE 3. Summary of Findings: Landmark Compared With Near-Infrared PIVC Insertion
Patient or population: Pediatrics
Setting: Hospitalized pediatric patients
Intervention: Landmark insertion
Comparison: Near-infrared insertion
Anticipated absolute effectsa (95% CI)
Outcomes
First-time insertion success
Time to insertion
Number of attempts

Risk with near- infrared
insertion

Risk with landmark
insertion

Relative effect
(95% CI)

No. of participants
(studies)

Certainty of the evidence
(GRADE)b

687/1000

570/1000
(433-749)

RR, 0.83
(0.63-1.09)

778
(5 RCTs)

V
(Very low)c,d,e,f

-

183
(2 RCTs)

V
(Very low)c,f

-

556
(3 RCTs)

V
(Very low)c,d,f

MD, 132.47 lower
The mean time to insertion
(166.68 lower to 98.26 lower)
was 0
The mean number of
attempts was 0

MD, 0.45 lower
(1.6 lower to 0.7 higher)

The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
GRADE Working Group grades of evidence:
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.
c
Downgraded 2 levels: risk of bias (random sequence generation and allocation concealment).
d
Downgraded 1 level: inconsistency (heterogeneity >75%).
e
Downgraded 1 level: indirectness (incomplete outcome definitions).
f
Downgraded 1 level: imprecision (small sample size).
Abbreviations: GRADE, Grading of Recommendations Assessment, Development and Evaluation; MD, mean difference; RCTs, randomized controlled trials; RR, relative risk.
a

b
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95% CI, 0.45-0.93) and occlusion (RR, 0.35; 95% CI, 0.13-0.94)
compared with bordered polyurethane (BPU). There was no difference in the proportion of PIVC failure between BPU compared
with tissue adhesive (TA) (RR, 0.74; 95% CI, 0.52-1.06). When
comparing individual elements of PIVC failure, there was no
evidence of effect between BPU and ISD in reducing infiltration
(RR, 0.74; 95% CI, 0.43-1.27), dislodgement (RR, 0.49; 95% CI,
0.15-1.58), or phlebitis/pain (RR, 0.54; 95% CI, 0.21-1.39); similarly, the use of TA compared with BPU did not reduce failure due to infiltration (RR, 0.78; 95% CI, 0.45-1.33), dislodgement (RR, 0.37; 95% CI, 0.10-1.35), occlusion (RR, 0.91; 95% CI,
0.45-1.84), or phlebitis/pain (RR, 0.42; 95% CI, 0.17-1.05).
A comparison of protective covering35 (60 participants) did
not demonstrate a significant improvement in PIVC dwell
(RR, 0.83; 95% CI, 0.25-1.41).
Pharmacological and nonpharmacological interventions.
A comparison of nonpharmacological comfort techniques,
including music during insertion (one trial, 42 participants),
did not improve first-time insertion success between the
two groups (RR, 0.74; 95% CI, 0.53-1.03). Similarly, incorporation of a clown32 (47 patients) as method of distraction did
not demonstrate an effect on PIVC insertion success (RR,
0.90; 95% CI, 0.77-1.06) or time to PIVC insertion (MD, –0.20;
95% CI, –1.74 to 1.34). In a double-blinded, placebo-controlled RCT36 of pharmacological techniques to reduce PIVC
insertion-related pain (504 participants), no evidence of effect
was established between the placebo control group and the
active analgesia in overall PIVC insertion success (RR, 1.01;
95% CI, 0.97-1.04).

DISCUSSION
Despite their pervasiveness, PIVC insertion in children is problematic and premature device failure is common, yet effective
strategies to overcome these challenges have not been systematically reviewed to date. This systematic review (including meta-analysis) examines techniques and technologies to
improve PIVC insertion success and reduce overall failure. We
demonstrated ultrasound-guided PIVC insertion significantly
improved first-time insertion success in general pediatrics.
Analogous to a previous systematic review in adult patients
(1660 patients, odds ratio, 2.49; 95% CI, 1.37-4.52; P = .003;
I2, 69%),47 we confirm ultrasound improves first-time PIVC insertion success, most notably in pediatric patients with difficult
intravenous access. However, widespread use of ultrasoundguided PIVC insertion is limited by operator skills, as it requires
practice and dexterity, especially for DIVA patients.5,47 Healthcare facilities should prioritize teaching and training to support
acquisition of this skill to reduce the deleterious effects of
multiple insertion attempts, including vessel damage, delayed
treatment, pain, and anxiety associated with needles.
Other vessel-visualization technologies (near-infrared and
transillumination) did not improve PIVC insertion in generic
pediatrics.5 However, they significantly improved first-time insertion, time to insertion, and number of insertion attempts in
patients with DIVA and should be considered in the absence of
ultrasound-proficient clinicians.
An Official Publication of the Society of Hospital Medicine

Although vessel-visualization technologies provide efficient
PIVC insertion, complication-free PIVC dwell is equally important. Few studies examined both insertion outcomes and PIVC
postinsertion outcomes (dwell time and complications during
treatment). One study reported more postinsertion complications ( eg, infiltration) with ultrasound compared with landmark
technique.39 Vessel-visualization tools should be used to assess
the vein to guide PIVC choice. Pandurangadu et al15 reported increased PIVC failure when less than 65% of the catheter
length resides within the vein; this was consistent with the single RCT46 included in this review that demonstrated reduced
infiltration with long PIVCs compared with standard-length
PIVCs. To reduce this knowledge practice gap, it is critical that
clinicians continue to evaluate and publish findings of novel
techniques to improve PIVC outcomes.
The review findings have important implications for future
research, clinical practice, and policy. Unlike earlier reviews,48
vessel-visualization technologies, particularly ultrasound, improved PIVC insertion success; however, during-dwell outcomes were inconsistently reported, and future research
should include these. In addition, while there is evidence to
support these new technologies, adequate training and resources to ensure a sustained, skilled workforce to optimize
PIVC insertion are necessary for successful implementation.
Our study had some limitations, including the methodological quality of included studies (small sample size and significant
clinical and statistical heterogeneity). Subgroup analyses were
undertaken to reduce the heterogeneity inherent in pediatric
populations; however, future studies should stratify for patient
(age, DIVA, indication for insertion) and setting (conscious/
unconscious, emergent/nonemergent) factors. Incomplete or
absent outcome definitions and varied reporting measures
(eg, median vs mean) prevented calculation of the pooled incidence of catheter failure and dwell time.
Our review also has notable strengths. Two independent investigators performed a rigorous literature search. Only RCTs
were included, ensuring the most robust methods to inform
clinically important questions. The primary and secondary outcomes were derived from patient-centered outcomes.

CONCLUSION
This systematic review and meta-analysis describes the pooled
incidence of PIVC insertion success and outcomes, including
complication and failure in pediatric patients. PIVC insertion
with ultrasound should be used to improve insertion success
in generic pediatric patients, and any form of vessel-visualization technology (ultrasound, near-infrared, transillumination)
should be considered for anticipated difficult insertions.
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