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BACKGROUND AND 0BJECTIVES: Establishing peripheral intravenous catheter (PIVC) access in infants
and children is a common procedure but can be technically difficult. The primary objective
was to determine the effect ultrasound had on first attempt PIVC insertion success rates in the
pediatric population. Secondary objectives included overall success rates and subgroups
analyses.

METHODS: A systematic review of articles using Medline, Embase, CENTRAL, World Health
Organization International Clinical Trials Registry Platform, and ClinicalTrials.gov.
Randomized trials evaluating ultrasound-guided PIVC insertion against the landmark
approach in pediatric patients who reported at least 1 outcome of success rate (first attempt
or overall) were included. Methodological quality of the literature was assessed using the
Revised Cochrane risk-of-bias tool for randomized trials. A meta-analysis using a random-
effects model was performed.

ResuLTS: Nine studies with 1350 patients, from a total of 1033 studies, were included for
analysis. Ultrasound showed a statistically significant improvement in PIVC insertion success
on first attempt in 5 of 8 studies, with an overall success rate of 78% in the ultrasound group
and 66% in the control group. The secondary outcome of overall success was improved by
ultrasound in studies that allowed =3 attempts (pooled OR 3.57, 95% CI 2.05 to 6.21,

P <.001, 1> = 0.0%).

concLusions: This systematic review suggested that ultrasound improves pediatric PIVC first
pass and overall success rates. Subgroup analysis showed improvement in PIVC success rates
for patients with difficult intravenous access and a single operator, dynamic, short-axis
ultrasound technique.
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Peripheral intravenous catheter
(PIVC) insertion in children is a
common procedure that can be
challenging. Vessel selection and
catheterization has been
traditionally performed with the aid
of anatomic landmarks, including
the inspection and palpation of
veins. This can be technically
difficult in a child due to their
relatively smaller caliber vessels and
increased subcutaneous tissue
adiposity commonly encountered in
infants and toddlers but also in
older children, with increasing rates
of childhood obesity worldwide.!
The first attempt success rates in
pediatric cohorts using traditional
techniques have been recorded as
low as 53%,” leading to prolonged
discomfort and delays in
management with ongoing
attempts.>* Therefore, techniques to
increase PIVC insertion success in
children is highly desirable for both
the clinician and child.

Point-of-care ultrasound or bedside
ultrasound, hereafter referred to as
ultrasound, in pediatric medicine is
increasingly used for procedural
guidance, as a noninvasive tool that
can safeguard the needle tip
trajectory and increase success
rates.>® Ultrasound is a known
effective adjunct in adult PIVC
insertion,” particularly in patients
deemed to have difficult intravenous
access (DIVA),® but the association
is less clear in children.”~*? Given
that children are often noncompliant
for procedures and generally have
smaller target vessels, the use of
ultrasound conceptually adds
another element of complexity.

With a significant growth in
published data, a dedicated meta-
analysis to clarify the clinical
effectiveness of ultrasound for PIVC
in pediatric patients is warranted.
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Additionally, with multiple
ultrasound techniques, clinical
settings, and patient demographics,
a review of these subgroups within
the literature would provide further
guidance to its role. In this
systematic review and meta-
analysis, we aimed to assess the
effect ultrasound has on PIVC
insertion success rates in the
pediatric population, compared with
traditional landmark-based
approaches. The primary outcome
was first attempt success rate.
Secondary outcomes included
overall success rates, time to
successful catheterization, and post
hoc analysis of subgroup data
available in =3 studies.

METHODS

This systematic review with meta-
analysis was conducted using the
Preferred Reporting Items for
Systematic Reviews and Meta-
Analyses (PRISMA) checklist. The
study was prospectively registered
in the PROSPERO database of
systematic review protocols
(CRD42020213387).

Search Strategy

Medline, Embase and CENTRAL
databases were systematically
searched on November 27th, 2020,
based on predefined variables
(Supplemental Information). This
involved using controlled vocabular-
ies where possible (MeSH and
EMTREE headings) with wider free
text and synonyms using nesting
and use of “OR” Boolean operator.
No limits were applied to the varia-
bles of “age” or “language,” to not
limit studies. Publications were
searched from January 1, 2000 to
November 27, 2020. Publication
type was restricted to randomized
controlled trials (RCTs) through The
Cochrane Highly Sensitive Search
Strategies for identifying random-
ized trials.
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This search was supplemented by
reviewing the reference lists of all
full text individual papers, including
preprints, identified as eligible
studies. ClinicalTrials.gov and World
Health Organization International
Clinical Trials Registry Platform
were also concurrently searched for
unpublished trials with preliminary
data (search limited to pediatric
studies with results available). To
augment this, a SCOPUS (Elsevier
B.V.) database search was
performed on final included studies.

Study Selection

Search results were imported to
EndNote (X9, Clarivate Analytics,
PA). Two reviewers (E.M. and P.S.)
independently identified potentially
eligible studies for inclusion using a
stepwise approach, including
removal of duplicates, manual
screening by title, and abstract
removing papers that clearly did not
meet the eligibility criteria

(Table 1), and then full text review
of the remaining studies. RCTs
describing the success rate (first
attempt or overall) of ultrasound-
guided PIVC insertion in children
(<18 years) were included. Studies
were excluded if they did not have
an adequate reference standard
(landmark technique) or studied
central venous (eg, peripherally
inserted central catheter, or central
venous line) or arterial access
(Table 1).

Outcome Measures

The primary outcome measure was
first attempt success of ultrasound-
guided PIVC insertion, compared
with the first attempt success of
traditional landmark-based
techniques. Secondary outcome
measures included overall success of
PIVC insertion and the time to
catheterization success in the
ultrasound-guided and landmark
groups.
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TABLE 1 Eligibility Criteria

Inclusion
Pediatric patients <18y

Inclusion of case data from studies with a broader age range only if these studies reported separate data within the <18 eligibility age range.

Intravenous access

All patient groups and access attempts eg, known difficult intravenous access)

Ultrasound assisted techniques, any type (static or dynamic; single or dual operator; long or short-axis)

Traditional landmark approach reported as reference standard

Prospective, randomized study design

Reports success rate (first attempt or overall), catheterization attempt number, or time to successful catheterization

Exclusion
Adult patients = 18y

Central venous access (eg, peripherally inserted central catheter, central venous line), arterial access

Retrospective study design, nonrandomized or not specified

Inadequate reference standard

Data Extraction

Initially, 2 reviewers (E.M. and P.S.)
independently screened eligible
studies gathered according to the
above-described approach on title
and abstract, and classified them as
being relevant, potentially relevant,
or not relevant. Next, the full text of
the articles that were classified as
being relevant were analyzed by
both reviewers independently,
deciding individually whether they
were eligible, based on the inclusion
and exclusion criteria (Table 1). Any
discrepancy between reviewers was
resolved with a final decision from a
third independent investigator (P.].).
Eligibility of studies initially
classified as potentially relevant was
also decided by the third
investigator, after which those
studies with a positive final decision
were included. Data tables were
developed, modeled off Cochrane
data extraction forms for RCTs."?
Data were extracted under
subgroups of study details,
eligibility, demographics, specific
patient cohort details, study design,
catheterization details, ultrasound
details, and outcomes, using an
Excel spreadsheet (Microsoft Corp,
Redmond, WA). These data were
independently collected and verified
by both reviewers (E.M. and P.S.).

Quality Assessment

Methodological quality of each study
was assessed at the study inclusion
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level using the Revised Cochrane
risk-of-bias tool for randomized
trials (RoB 2).** This tool provides a
standardized, table-based approach
to assessment for selection,
detection, attrition, and reporting
bias.'® Individual templates were
independently completed by 2
reviewers (E.M. and P.S.) with
overall risk of bias judgement
reported before any disagreements
resolved by discussion.

Statistical Analysis

Extracted data were analyzed using
Stata (16.1, StataCorp LLC, TX)
software. Pooled odds ratio (OR) and
percentage success rate were derived
for dichotomous variables (first
attempt and overall success) and
weighted mean difference (WMD) for
continuous variables (time to
catheterization) for the comparison of
ultrasound to landmark approaches.
DerSimonian-Laird random-effects
model was used for all outcome
measures. I was calculated as a
quantifying measure of heterogeneity,
with I* > 60% defined as significant
heterogeneity. Forest plots were used
to present results for each outcome,
with meta-analysis results included
when significant heterogeneity was
not present. Funnel plots were used
to look for evidence of publication
bias. A sensitivity analysis was
performed by excluding studies with
alternate study designs.
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Post hoc analysis by subgroup was
performed for identified important
variables with data available from at
least 3 studies (Supplemental
Table 6). These categories included
age =3 years, physician operator,
clinical setting (“emergency
department,” “operating room”),
ultrasound technique (“dynamic,”
“single operator,” “short axis”), site
(“lower limb,” “other”), sedation,
and “difficult intravenous access.”

RESULTS

Study Selection, Characteristics,
and Quality

Initial search of CENTRAL, Embase,
and Medline identified 1033 total
articles, and after removal of
duplicates, 759 remained (Fig 1).
Title and abstract screening reduced
this to 41 papers for full text
evaluation. Of these, 12 studies were
excluded without a pediatric cohort
of patients, 3 without landmark
catheterization as a control, 1
without an inclusion outcome, 2
containing the same data set of an
included study, 1 was a comparative
trial with nonrandom consecutive
allocation of patients, and 13 listed
trials without published works or
results available. The remaining 9
studies underwent a SCOPUS
database search, as well as manual
review of their reference list,
without any further eligible studies
identified. Trials databases found 1
eligible study with published results
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FIGURE 1
Study selection flowchart.

but it had already been included.'®
Manual review of related published
systematic reviews failed to identify
missing studies.” *?

eligible studies were included for
analysis (Table 2).'°72* One study
only included patients less than 5

years of age,20 while 4 studies were

A total of 1350 patients across the 9

age.'®!9%1% The male proportion
was 58.4%, with 1 study not
reporting sex.?® Distinct intervention
and control groups were present
throughout, other than Gopalasingam

limited to patients =<3 years of et al*® being a crossover study. Bian
TABLE 2 Demographics and Design of Included Studies
Age, y, median Sex, male, %

Study Year Location Sample Size, n Ultrasound LM Ultrasound LM Design
Avelar et al'® 2015 Brazil 335 8.20 7.20 55.9 55.2 Prospective RCT

Bian et al'® 2020 China 144 0.58 0.58 66.7 99.7 Prospective RCT

Bair et al* 2008 USA 44 117 0.58 NR Prospective RCT
Benkhadra et al?' 2012 France 40 1.25 1.15° 60.0 75.0 Prospective RCT
Curtis et al'’ 2015 Canada 418 7.00 595 54.0 57.9 Prospective RCT
Doniger et al®? 2009 USA 50 290 1.80° 400 60.0 Prospective RCT
Gopalasingam et al® 2017 Denmark 50 1.25° 70° Prospective, Crossover
Hanada et al'® 2017 USA 102 0.67 1.00 68.6 52.9 Prospective RCT
Vinograd et al** 2019 USA 167 2.10 2.10 518 464 Prospective RCT

LM, Landmark control group; NR, not reported; RCT, randomized controlled trial.
 Age expressed as mean, not median.
° Total value, study subgroup statistics not reported.
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et al*® was the only paper not yet

published in a peer reviewed journal
at the time of initial search.

Six studies included only patients
with DIVA, defined as either
catheterization attempt(s) failure,
age =3 years, history of DIVA or use
of validated tool,*®*°222% with Bian
et al*? also limited to infants or
toddlers with congenital heart
disease (Supplemental Table 7).
Four studies provided sedation dur-
ing catheterization attempt, all con-
ducted in the operating
room.'®1921:23 Ty studies used
solely the static (vein marked) ultra-
sound technique,’®?® and the rest
performed dynamic (real-time
needle guidance) ultrasound!®?'-2*
or a mixture of the 2 techniques.
Catheterization sites varied, with 3
studies predominantly®! or only®°
using lower limbs.

17,18

There was significant
methodological variability between
studies for total number of
catheterization attempts, ranging
from 2 to 4 total attempts, and with
and without total time
limits.'®*%%1-2% This subsequently
affected overall success and number
of attempt rates. Vinograd et al**
measured time to catheterization
from randomization while all other
studies reporting time from
procedure commencement
(ultrasound placement versus

tourniquet placement) to PIVC flush
without evidence of extravasation.

None of the included studies were
assessed to be at high risk of bias,
allocated either low risk or as
having some concerns regards bias
(Table 3). Of concern there was an
alternative patient allocation
strategy in Gopalasingam et a
with a crossover study design. Given
its structured allocation and general
inability to blind intervention, it was
included in the analysis. The funnel
plots showed no obvious asymmetry
to indicate publication bias
(Supplemental Figures 6-8).

1’23

Primary Outcome: First Attempt
Success

First attempt success was reported
in 8 studies, with a total of 623
patients in the ultrasound group and
637 in the control group (Table 4).
Statistically significant improvement
in first attempt success with
ultrasound was detected in 5 of

8 studies (Fig 2). Overall, first
attempt success rate was 78% in the
ultrasound group compared with
66% in the control group (Table 4).
Meta-analysis suggested
improvement in likelihood of
catheterization success on the first
attempt with ultrasound compared
with the landmark technique, with
pooled OR 2.61 (95% CI 1.18 to
5.76, P = .018). However, this
analysis was limited by significant

heterogeneity, with 12 = 86.4%.
Sensitivity analysis with
Gopalasingam et al*® excluded
showed similar results, including
excessive heterogeneity (pooled OR
2.52,95% CI 1.04 to 6.09, P = .041,
1> = 87.9%). A funnel plot of
individual effect estimates showed
significant heterogeneity but no
asymmetry to suggest reporting bias
(Supplemental Fig 6).

Secondary Outcome: Overall
Success

Six studies reported overall success
rates, with a total of 300 patients in
the ultrasound group and 301
patients in the control group

(Table 4). Of those 6 studies, 4
showed statistically significant
improvement in overall success with
ultrasound, with a combined success
rate of 93% in the ultrasound group
and 78% in the control group. Meta-
analysis showed that ultrasound
improved overall success rates
compared with the landmark
technique, with pooled OR 3.57
(95% CI 2.05 to 6.21, P < .001)

(Fig 3). Heterogeneity of this
secondary outcome measure was
low, with I = 0.0%. Sensitivity
analysis with removal of
Gopalasingam et al*® showed similar
results (pooled OR 3.33, 95% CI
1.89 to 5.87, P < .001, I = 0.0%).

TABLE 3 Risk of Bias Assessment Using the Revised Cochrane Risk-of-Bias Tool for Randomized Trials (RoB 2)

Randomization

Assignment to

Adhering to Missing Outcome

Measurement of

Selection of the  Overall Risk of

Study Process Intervention Intervention Data the Outcome Reported Result Bias
Avelar et al'® ! — - ! — 1 e
Bian et al'® i ! - ! ! ! !
Bair et al?° — — — 1 ! 1 PN
Benkhadra et al?' ! ! 1 ! ! 1 !
Curtis et al'’ ! ! ! ! ! ! !
Doniger et al?? ! - ] ! — 1 !
Gopalasingam et al® - - ! ! ! = i
Hanada et al'® ! ! 1 ! l 1 !
Vinograd et al** ! ! ! ! ! ! !

|, low bias. <>, some concerns. T, high bias.
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Odds Ratio

Study (95% ClI)
Avelar —— 0.54 (0.28 to 1.03)
Bain —— 2.78 (1.41 to 5.45)
Bair T 1.33(0.37t0 4.78)
Benkhadra ' 1 10.52 (2.27 to 48.76)
Curtis — 0.82 (0.49 to 1.39)
Gopalasingam e 3.50 (1.36 to 9.00)
Hanada P 8.85 (3.02 to 25.89)
Vinograd s 6.91 (3.27 to 14.61)

T T T

'?:avours control Favours tr(lgtment >0

FIGURE 2

First attempt success forest plot. Cl, confidence interval.

attempt success in patients with
difficult IV access (n = 495, pooled
OR 4.60, 95% CI 2.34 to 9.07,

P < .001, I* = 57.4%). Improvement
was not demonstrated in the
emergency department (ED)

subgroup, which was also limited by
high heterogeneity (n = 492, OR
1.98, 95% CI 0.45 to 8.69, P = .368,
I* = 90.4%). The combination of
single operator, dynamic, and
short-axis technique was used in
Gopalasingam et al,”® Hanada et a
and Vinograd et al,?* and was
associated with marked
improvement in first attempt
success (n = 367, pooled OR 5.97,
95% CI 3.57 to 10.0, P < .001,

I* = 0.0%). The subgroup analysis
of overall success showed similar
results, with improved success with
ultrasound seen for the subgroups
of age 3 or less, physician operator,
operating room setting, dynamic,
single operator and short-axis
ultrasound technique, both lower
limb and other catheterization sites,
sedation, and DIVA (Table 5, Fig 5).

1’16

DISCUSSION

This systematic review suggested
that the use of ultrasound increased

O/ o

Study QOdds Ratio (95% Cl) Weight
Bain —+E—| 2.65 (1.02 to 6.91) 33.65
Benkhadra [ - | 1.59 (0.24 to 10.70) 8.47
Doniger I——+§—| 2.25 (0.63 to 8.06) 18.95
Gopalasingam I : * { 20.20 (1.13 to 360.28) 3.72
Hanada I++—| 6.98 (2.17 to 22.43) 22.61
Vinograd : na | 4.86 (1.02 to 23.25) 12.60
Overall, DL (= .0%, P= .498) <> 3.57 (2.05 t0 6.21) 100.00

T T T

1 1 10 100

Favours control

Favours treatment

NOTE: Weights are from random-effects model; continuity correction applied to studies with zero cells

FIGURE 3

Overall success meta-analysis results and forest plot. Cl, confidence interval.
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Doniger e -486.00 (-748.59 to —223.41)
Gopalasingam ] 79.56 (9.88 to 149.24)
Hanada = 67.37 (29.57 to 105.17)
Vinograd s -818.88 (—1087.00 to —-550.76)
T T T T
-1000 -500 1 500 1000

FIGURE 4

Favours treatment

Favours control

Time to catheterization forest plot. Cl, confidence interval; WMD, weighted mean difference.

first attempt and overall success
PIVC insertion rates in pediatric
patients compared with a standard
(landmark) approach. Previous
systematic reviews on the topic of
ultrasound for pediatric PIVC
insertion were limited by a paucity
of studies to enable a dedicated
meta-analysis.9_12'25 A systematic
review on pediatric catheterization
strategies has been published with
only 3 clinical papers identified and
did not support the use of
ultrasound, necessitating the need
for further RCTs.”® The uptake of
ultrasound-guided PIVC insertion
has since burgeoned over the past
decade, along with numerous
studies supporting its benefit in the
pediatric population.*®1%21:23.24 Thjg
systematic review showed
statistically significant improvement
in first attempt and overall success
with ultrasound in the majority of
included studies. Meta-analysis
demonstrated improved rates of
overall success with ultrasound.
However, meta-analysis of the
primary outcome of first attempt

8

success was limited by high
heterogeneity.

The predominant application for
ultrasound-guided PIVC insertion is
in patients considered to have
DIVA.® The definition for this in
children is broad and includes
factors such as having no visible
and/or palpable veins, younger age,
previous history of DIVA, history of
prematurity, increased adiposity or
obesity, dehydration, frequent
phlebotomy or PIVC insertion or
comorbidities.?®*® The use of
ultrasound in patients with DIVA
was associated with an overall
benefit in first attempt and overall
success rates, which is inherently
the main utility of ultrasound-
guided insertion. This was further
supported by subgroup analysis of
overall success in patients at or
under 3 years of age, who are also
considered to have DIVA. However,
the use of ultrasound was reported
to be beneficial for PIVC insertion in
children with obesity in the study by
Hanada et al,'® but had no
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demonstrable difference in the study
by Curtis et al.’”

Although several studies support the
use of ultrasound for pediatric PIVC
insertion in the ED,?%%%2* the
subgroup analysis of this setting
overall was not statistically
significant and had high
heterogeneity. This could partly be
attributed to the confounding issue
of children not being still enough for
appropriate use of ultrasound in
some studies,!” and no children
were sedated. It could also reflect
the often-chaotic environment or a
higher proportion of unwell children
compared with other settings,
although many studies excluded
children from their trial if they were
critically unwell.'”-?%2* The
ultrasound technique and lack of
adequate training on actual patients
may have also been contributing
factors. More studies are required in
this setting for conclusive evidence.

Unsurprisingly, the use of
ultrasound for pediatric PIVC
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TABLE 5 First Attempt and Overall Success by Subgroup

First Attempt Success Overall Success

Subgroup Studies Patients Pooled OR 95% Cl P 1> (%) Studies Patients Pooled OR 95% Cl P 2 (%)
Age 3 or less 6 577 — — — 90.7 5 485 3.73 2.00 to 6.95 <.001 0.0
Physician operator 4 390 3.34 1.75t0 6.37 <.001 448 4 396 3.78 189to 759 <.001 1486
Setting
ED 3 492 — — — 904 2 215 — — — —
Operating room 4 386 4.58 245t0 856 <.001 376 4 386 3.92 1.79 to 862  .001 184
Ultrasound technique
Dynamic 4 407 6.33 3.89 to 10.3 <.001 0.0 5 457 414 2.10to 819 <.001 0.0
Single operator 7 878 — — — 93.3 B 591 3.97 214 t0 7.36 <.001 0.0
Short-axis 6 838 — — — 83.8 5 561 3.84 2.15t0 6.87 <.001 0.0
Dynamic, single operator 3 367 597 3.57 to 10.0 <.001 0.0 3 367 6.87 2.82to 16.7 <.001 0.0
and short-axis
Site
Lower limb 3 286 5.47 218 to 13.8 <.001 570 3 286 3.47 162 to 744 001 13.8
Other 5 974 — — — 88.0 3 315 3.76 146 to 9.68 .006 1.7
Sedation
No 3 591 — — — 92.1 1 165 — — — —
Yes 4 386 4.58 245to0 856 <.001 376 4 386 3.92 179 to 8.62  .001 184
DIVA
No 3 765 — — — 80.9 1 100 — — — —
Yes 5 495 4.60 23410907 <001 574 5 501 3.34 1.89 - 587 <.001 0.0

Meta-analysis not performed for subgroups with <3 studies. Studies with <3 studies for all outcome measures included: age over 3, nurse operator and ultrasound technique
(static, dual operator, or long axis). Meta-analysis findings not reported for subgroups with excessive heterogeneity (1> > 60%). CI, confidence interval; DIVA, difficult intravenous
access; ED, emergency department; OR, odds ratio; —, not applicable.

insertion in the operating room
setting was highly effective. Highly
skilled operators (anesthesiologists)
combined with patients who were
anesthetized and still, provided
conditions highly conducive to
successful ultrasound-guided PIVC
insertions. 16192123 Furthermore,
many of the sedative agents used,
such as Sevofluorane, are known to
be potent vasodilators.?°
Additionally, the majority of patients
were undergoing elective
procedures or imaging.'®*"%3 All
studies involved children =3 years
and, apart from 1 study,?* all
primarily used the saphenous
vein,'®*%2! which may otherwise
have been challenging in an awake
infant or young child.

The technique for ultrasound-guided
PIVC insertion varied considerably
between studies. The dynamic
ultrasound method, which involved
visualizing the needle tip in real-
time, in either the long or short axis,
was associated with a higher
insertion success rate than the use
of a static ultrasound method, which
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involved marking-up the vein,
before “blind” insertion. The single-
operator technique and short-axis
technique subgroups had improved
overall success over the landmark
technique but had excessive
heterogeneity for meta-analysis of
first attempt success. The single-
operator technique has the
additional advantage of being less
resource intensive. The short-axis
was the most used axis and has
been demonstrated to be the most
effective axis for PIVC insertion in a
dedicated systematic review,
although this only included RCTs on
adult patients or phantom models.>°
However, the long-axis was
demonstrated to be useful for large,
straight veins (eg, saphenous) in a
sedated child?" or can be used to
confirm placement after short-axis
insertion.?%3?

Combining all these elements, the
standard technique for ultrasound-
guided PIVC insertion in children is
arguably a dynamic, single-operator,
short-axis approach using a high-
frequency linear probe.3™*? This

Downloaded from http://publications.aap.org/pediatrics/article-pdf/149/5/e2021055523/1282327/peds_2021055523.pdf
bv Poria Medical Center user

combination was used by ultrasound
operators in 3 studies, 2 in the
operating room'®?3 and the other in
the ED,?* and was associated with
high first attempt and overall
success rates. Routine tourniquet
use with this technique may also
assist with avoiding vein
compression from the ultrasound
probe.'®%3 Moreover, topical
anesthetic medication may mitigate
pain and thereby increase
cooperation in an awake child.*?
Appropriate training and experience
of the operators is crucial to the
successful implementation of
ultrasound, with 1 study reporting
higher PIVC success rates after at
least 15 ultrasound-guided
insertions in adult patients,34 which
may imply more training is required
in children, given the finer
psychomotor skills required.

Besides improving PIVC insertion
success rates, ultrasound has
numerous other potential
advantages over a landmark
technique insertion. Use of
ultrasound has been associated with



Odds ratio

Outcome and Subgroup Studies Participants (95% Cl)
1: First Attempt Success
Physician Operator 4 390 } + { 3.34 (1.75 t0 6.37)
Setting — Operating Room 4 386 | * | 4.58 (2.45 to 8.56)
POCUS Technique — Dynamic 4 407 } + { 6.33 (3.88 to 10.31)
Dynamic, Single Operator, Short Axis 3 367 | + | 5.97 (3.57 to 10.00)
Site — Lower Limb 3 286 | | 5.47 (2.18 to 13.76)
Sedation - Yes 4 386 } + { 4.58 (2.45 to 8.56)
DIVA - Yes 5 495 I . | 4.60 (2.34 t0 9.07)
2: Overall Success
Age 3 or Less 5 485 | * | 3.73 (2.00 to 6.95)
Physician Operator 4 396 } * { 3.78 (1.89 to 7.59)
Setting — Operating Room 4 386 | * | 3.92 (1.78 t0 8.62)
POCUS Technique — Dynamic 5 457 } + { 4.14 (2.10 10 8.19)
POCUS Technique — Single Operator 5 551 | . | 3.97 (2.14 t0 7.36)
POCUS Technique — Short Axis 5 561 | * | 3.84 (2.15 10 6.87)
Dynamic, Single Operator, Short Axis 3 367 } * | 6.87 (2.82t0 16.73)
Site — Lower Limb 3 286 I . | 3.47 (1.62 to 7.44)
Site - Other 3 315 } * { 3.76 (1.46 to 9.68)
Sedation - Yes 4 386 | . | 3.92 (1.78 to 8.62)
DIVA - Yes 5 501 | . 3.34 (1.89 to 5.87)
I I
1 4 16
Favours control Favours treatment
FIGURE 5

First attempt and overall success according to subgroup. Gl, confidence interval; DIVA, difficult intravenous; access; ED, emergency department.

fewer attempts (skin
punctures)®19-2%2% and
redirections (partial withdrawal
with advancement in new
direction),w'zo'zz'23 which are
important factors for long-term
vessel health preservation.®” It also
provides the ability to grade the size
and quality of veins before selection
for insertion,'®1%2%2% it enables
insertion away from flexural regions
for joint mobility and comfort
compared with the landmark
technique,®* and can allow for
placement of longer or larger
peripheral devices for increased
longevity.?* Furthermore, ultrasound
has been associated with a higher
level of parental satisfaction.?* Most
studies reported no significant
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increase in complications compared
with the landmark technique, apart
from an inconsequential arterial
puncture in 1 study.*

Ultrasound use was associated with
a reduction in time to
catheterization in 4 of 7 studies.
This was confounded by significant
heterogeneity of studies, with
Vinograd et al** attempting to
address the total procedure time for
ultrasound (locating the machine,
cleaning, and operating it) by
defining it from time of
randomization. This high
heterogeneity precluded meta-
analysis and subgroup analysis.
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Limitations

The main limitation from this
systematic review and meta-analysis
was the significant heterogeneity of
studies. A random-effects model,
using skewed weighting of
individual data sets, was used to
help compensate for this. Where
heterogeneity was significant

(17 > 60%), meta-analysis was
treated as hypothesis-generating
only for main outcome measures
and not performed for subgroups.
The control method varied with 3
studies allowing adjunct methods, such
as transillumination,???* infrared,'” or
heat packs,?* although, this may have
only overstated the outcomes in the
landmark technique group. Due to the
open-label nature of the intervention,

MITCHELL et al



operators were unable to be double-
blinded. Gopalasingam et al*®
performed a cross-over trial with
subsequent concern for a degree of
carry-over effect.

In terms of strengths, several
features support the validity of this
systematic review. Publication bias
was minimized by searching the
literature as broadly as possibly,
including an unpublished study
(preprint) in the final analysis. A
strict, stepwise search and data
extraction was performed by
independent reviewers following a
prospectively published protocol. Of
the included studies, none were
identified as highly biased. A
sensitivity analysis was performed
throughout, excluding the
Gopalasingam et al*® study with an
alternate design.

Future RCTs should be consistent
with clear reporting on the
ultrasound technique, standardization
of training, and outcome measures.

PEDIATRICS Volume 149, number 5, May 2022

They could also potentially
incorporate the neonatal age group
(<3 months), which is currently
lacking in the literature. Furthermore,
in environments outside of the
operating room, methods of restraint,
presence of parent or guardian,
distraction tools (eg, virtual reality),
topical anesthesia, and methods of
appropriate sedation should be
explored, as this could improve the
effectiveness of ultrasound for
patients with DIVA by facilitating a
still target vessel.

CONCLUSIONS

This systematic review suggested
that ultrasound improved the first
attempt success rate of pediatric
PIVC insertion, although
meta-analysis of this outcome
measure was limited by high study
heterogeneity. ultrasound-guided
PIVC insertion improved overall
success rates as well as both first
attempt and overall success rates in
patients with DIVA. The standard
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ultrasound technique should be a
single-operator, dynamic, short-axis
approach. This study provides a
robust evidence base to support the
routine use of ultrasound for PIVC
insertions in children with DIVA and
should be implemented as standard
of care across clinical settings.
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