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ABSTRACT

This is a protocol for a Cochrane Review (Intervention). The objectives are as follows:

To assess the effectiveness and safety of the ultrasound-guided method compared with the landmark method for peripheral intravenous
cannulation in adults.
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BACKGROUND

Description of the condition

Placing a peripheral intravenous line is one of the most essential
procedures in hospitals. It is necessary when administering flu-
ids, drugs, and drawing blood. It is usually done using a landmark
method, comprising visualization and palpation of the veins. Plac-
ing a peripheral intravenous line is sometimes difficult, and the
first attempt is unsuccessful in as many as 14% to 21% of adults
in the emergency department (Carr 2016; Sebbane 2013), and in
9% to 26% of adults in the pre-hospital setting (Jones 1989; La-
postolle 2007; Minville 2006). This is mainly due to factors includ-
ing obesity, chronicillness, intravenous drug use, dehydration and
shock (Mills 2007; Ortega 2008; Sebbane 2013). The failure rate at
the first attempt is much higher in people with more difficult intra-
venous access, reported to be between 34% and 93% (McCarthy
2016; Sebbane 2013;van Loon 2016). Multiple punctures lead to dis-
comfort, anxiety, delay in subsequent interventions, and return of
test results. If a peripheral intravenous line cannot be placed with
a landmark method, a central venous line is often the next step in
those with difficult intravenous access. However, central venous
line placement is costly and time-consuming, and exposes people
to more pain and discomfort. In addition, central venous line place-
ment can have serious complications, such as infection, thrombo-
sis, and pneumothorax, which are reported to occur in more than
15% of people (McGee 2003). Hence, insertion of a central venous
line should be considered as a last resort. Placing a peripheral in-
travenous line with ultrasound guidance may offer an alternative
way to achieve peripheral venous access in people with difficult in-
travenous access.

Description of the intervention

Ullman first reported the use of ultrasound for intravenous cannu-
lation in 1978 (Ullman 1978). Since then, ultrasound guidance has
been used widely for cannulation of central veins, and it has be-
come the standard of care in recent years. Keyes and colleagues
first reported ultrasound-guided peripheral intravenous cannula-
tion in 1999 (Keyes 1999). There are two techniques for ultrasound
guidance: short-axis (out-of-plane) and long-axis (in-plane). The
short-axis technique uses the short-axis image of a targeted vein
and has two methods: a static method and a dynamic method. In
the static method, ultrasound is used to determine the location and
the diameter of the vein and to evaluate important surrounding
structures, such as arteries and nerves. Because cannulation is at-
tempted without real-time ultrasound guidance, it risks losing the
location of a targeted vein. In the dynamic method, the entire pro-
cedure is performed under real-time ultrasound guidance, which
enables operators to visualize both the vein and the important sur-
rounding structures. However, there is a risk of posterior wall punc-
tuation, because it is sometimes difficult to find and keep visual-
izing the needle tip throughout the procedure. The long-axis tech-
nique uses the long-axis image of a targeted vein and a needle. Be-
cause it can visualize the entire length of the needle, the risk of pos-
terior wall punctuation is theoretically low. However, it is difficult
for operators to maintain the needle and targeted vein within the
narrow width of the ultrasound beam, and they cannot visualize
important surrounding structures. A small randomized controlled
trial that compared the short-axis and long-axis techniques for pe-
ripheral venous cannulation showed a shorter procedure time and
a tendency towards higher success rates in the short-axis group
(Mahler 2011). However, the limited generalizability and potential

biases of the trial mean that it is still unclear which of the two tech-
niques is superior.

The depth of a targeted vein and length of the needle are impor-
tant factors for the survival of intravenous catheters placed with
the ultrasound guidance. The survival proportion of intravenous
catheters placed with ultrasound guidance (using 4.8 cm or 6.35
cm catheters) is 53% to 75% at 24 hours, which is lower than those
placed with the landmark method (74% to 99% at 24 hours) (Dargin
2010; Dillon 2008; Fields 2012). The depth of targeted veins is a key
factor, with survival proportions (with a 4.8 cm catheter) reported
to be 100% for veins at less than 0.4 cm depth, 62% for veins that
are 0.41 cm to 1.19 cm deep, and 29% for veins that are more than
1.2 cm deep (Fields 2012). However, it is sometimes difficult to vi-
sualize a needle tip or a needle when the subcutaneous tissue be-
tween skin surface and a targeted vein is thin. The ideal depth of
a targeted vein could be at least 0.5 cm, using a 4.57 cm catheter
(Avila 2019). Long catheters (6 cm to 12 cm) survive longer and have
similar success rates compared to short catheters; however, the
Seldinger technique is used to place these, and they are more cost-
ly (Bahl 2019; Elia 2012).

How the intervention might work

If a targeted peripheral vein is visible or palpable, cannulation is
usually straightforward with the landmark method, and will be suc-
cessful at the first attempt in over 95% of cases (McCarthy 2016).
However, because the location and diameters of peripheral veins
differ substantially between people, it is often difficult to cannu-
late deep peripheral veins which are not visible and palpable from
the skin surface. Ultrasound can help the operator to visualize the
local anatomy of interest, and to identify the size and direction of
veins and important surrounding structures, such as arteries and
nerves, as well as making the diameter and route of these impor-
tant structures clear. Furthermore, in the dynamic method, which
visualizes the needle with ultrasound, the operator can see the spa-
tial relationships between the vein, surrounding structures and the
needle. Thus, ultrasound guidance may facilitate successful can-
nulation and prevent complications, especially in people with dif-
ficult intravenous access who would otherwise be candidates for
central venous line placement. Shokoohi and colleagues reported
data from a cohort study, where the number of central venous lines
placed decreased by 80% during the six years following the intro-
duction of ultrasound-guided peripheral intravenous cannulation
(Shokoohi 2013).

Why it is important to do this review

The efficacy of ultrasound guidance for central venous cannulation
has been established (Brass 2015b; Brass 2015a; Wu 2013). The Na-
tional Institute for Health and Care Excellence (NTA Guidance 2002),
and the American Society of Anesthesiologists (ASA Task Force
2012), both recommended using ultrasound guidance for central
venous cannulation, especially for internal jugular veins, and it is
currently the standard of care. However, the efficacy of ultrasound
guidance for peripheral intravenous cannulation is not well estab-
lished. Several meta-analyses have been conducted (Egan 2013;
Heinrichs 2013; Liu 2014; Stolz 2015; van Loon 2018), and the re-
sults have shown a fairly consistent increase in the overall suc-
cess rate with ultrasound guidance in people with difficult intra-
venous cannulation, but there are several weaknesses of the syn-
thesized evidence on this topic to date. Most of their included stud-
ies had fewer than 60 participants. McCarthy 2016 has since pub-
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lished a large study (1189 participants), and this should be includ-
ed in the planned meta-analysis. Studies have seldom evaluated
the first-pass success rate (successful cannulation at first attempt),
reporting the overall success rate instead. Even if the overall suc-
cess rate improves, it might not be beneficial if it subjects people to
more skin punctures. There are methodological flaws in previous
reviews, such as non-rigorous search methods, non-duplicated as-
sessment of studies, inclusion of observational studies, and inap-
propriate methods for assessing study validity. As peripheral intra-
venous cannulation with the landmark method is usually straight-
forward for people with easy intravenous access, the efficacy of ul-
trasound guidance for peripheral intravenous cannulation varies
according to the difficulty of intravenous access. However, the def-
inition of difficult intravenous cannulation used is unclear in previ-
ous meta-analyses. An updated, methodologically rigorous meta-
analysis, that will assess the influence of intravenous access diffi-
culty and report patient-relevant outcomes, is therefore required.

OBJECTIVES

To assess the effectiveness and safety of the ultrasound-guided
method compared with the landmark method for peripheral intra-
venous cannulation in adults.

METHODS

Criteria for considering studies for this review
Types of studies

We will include randomized controlled trials (RCTs), including clus-
ter-controlled trials, cross-over trials, and quasi-RCTs (RCTs in
which participants are allocated based on data such as date of birth
or recruitment or medical record number).

Types of participants

We will include all adult participants (= 18 years old) with any clin-
ical characteristic, in any setting, who require a peripheral intra-
venous line, irrespective of the difficulty of cannulation. We will de-
fine a peripheral intravenous line as a catheter placed in a periph-
eral vein. We will exclude central lines, intraosseous lines, and pe-
ripherally inserted central lines. We will exclude children, because
the effect of ultrasound guidance will be different for them, due to
smaller veins and extremities, as well as a possible lack of coopera-
tion. We will carry out a subgroup analysis to evaluate participants
according to the difficulty of peripheral intravenous cannulation.

Types of interventions

We will include studies comparing ultrasound-guided peripheral
intravenous cannulation with the landmark method, irrespective of
the profession of the operators, number of operators (one or two),
methods (short-axis or long-axis, static or dynamic), or the sites of
the peripheral veins. We will exclude studies on peripherally insert-
ed central catheters. We will include all studies using ultrasonogra-
phy, irrespective of the manufacturer or generation of ultrasound
machines used.

Types of outcome measures

We will not use outcome measures as a criterion for excluding stud-
ies. All outcome measures below will be reported at time of cannu-
lation.

Primary outcomes

« First-pass success rate of cannulation
« Overall success rate of cannulation
o Pain

We will define the overall success rate of cannulation as the success
rate of cannulation irrespective of the number of attempts and pro-
cedure time. We anticipate that studies will use different pain inten-
sity scales, with most studies using standard subjective scales, such
as numerical rating scale (NRS) or visual analogue scale (VAS). We
will define successful cannulation as stated by the study authors. A
cutaneous puncture will be counted as one attempt, irrespective of
the duration of subcutaneous exploration.

Secondary outcomes

+ Procedure time for peripheral venous cannulation
+ Number of attempts before successful cannulation
« Patient satisfaction

o Overall complication rate
hematoma, nerve injury)

(including arterial puncture,

Studies may report patient satisfaction results as either continu-
ous or dichotomous data. Scales of patient satisfaction include Lik-
ertscales, and validated instruments such as the Client Satisfaction
Questionnaire-18 (Attkisson 1982).

Search methods for identification of studies
Electronic searches

The Cochrane Vascular Information Specialist aims to identify all
relevant RCTs regardless of language or publication status (pub-
lished, unpublished, in press, or in progress).

The Information Specialist will search the following databases for
relevant trials:

« the Cochrane Vascular Specialised Register via the Cochrane
Register of Studies (CRS-Web);

« theCochrane Central Register of Controlled Trials (CENTRAL) via
the Cochrane Register of Studies Online (CRSO);

o MEDLINE (Ovid MEDLINE Epub Ahead of Print, In-Process & Other
Non-Indexed Citations, Ovid MEDLINE Daily and Ovid MEDLINE;
1946 onwards);

« Embase Ovid (from 1974 onwards);

« CINAHL EBSCO (Cumulative Index to Nursing and Allied Health
Literature; from 1982 onwards);

o LILACS BIREME (Latin American and Caribbean Health Science
Information database; from 1987 onwards).

The Information Specialist has devised a draft search strategy for
RCTs for MEDLINE (Appendix 1), and will use this as the basis for
search strategies for the other databases listed.

The Information Specialist will search the following trials registries:

+ the World Health Organization International Clinical Trials Reg-
istry Platform (who.int/trialsearch);

« ClinicalTrials.gov (clinicaltrials.gov).

Ultrasound guidance versus landmark method for peripheral venous cannulation in adults (Protocol) 3
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Searching other resources

Four review authors (MT, TM, CT, NY) will check the reference lists of
all identified studies and review articles to find additional studies.
We will contact trial authors, expertsin this field and manufacturers
of ultrasound machines to identify unpublished studies.

Data collection and analysis
Selection of studies

We will use the reference management software Mendeley to col-
late the results of searches and to remove duplicates (Mendeley).
We will use Rayyan software to screen the results of the search
(Ouzzani 2016). Four review authors (MT, TM, CT, NY) will indepen-
dently and in duplicate check titles and abstracts of the results of
the search and will identify potentially relevant studies. We will ob-
tain full texts of all potentially relevant studies if any of the authors
judge them to be relevant or potentially relevant. We will exclude
only the clearly irrelevant articles at this stage. Four review authors
(MT, TM, CT, NY) will independently and in duplicate assess the full
papers for eligibility using a pre-designed checklist. We will com-
pare the results and resolve disagreements through discussion. If
we are unable to reach a consensus, we will consult the sixth review
author (NW). We will record the number of papers retrieved at each
stage and will report this information using a PRISMA flow chart.

Data extraction and management

We will use Covidence software to extract data from individual
studies, adapting their basic template data extraction form (Covi-
dence). Four review authors (MT, TM, CT, NY) willindependently and
in duplicate extract the data using the abstraction form. We will re-
solve disagreements through discussions. If we cannot reach a con-
sensus, we will consult the sixth review author (NW). If additional
information is needed, one review author (MT) will contact the cor-
responding author of the relevant studies. When we have complet-
ed data extraction, one review author will enter the data into Re-
view Manager software and another review author will check the
data (Review Manager 2014).

Assessment of risk of bias in included studies

Four review authors (MT, TM, CT, NY) will independently assess the
methodological quality of each included study using the Cochrane
'Risk of bias' tool (Higgins 2011). We will assess the following do-
mains and rate them as low, unclear, or high risk of bias.

« Random sequence generation (selection bias)

« Allocation concealment (selection bias)

« Blinding of participants and providers (performance bias)

« Blinding of outcome adjudicators/assessment (detection bias)
« Incomplete outcome data (attrition bias)

« Selective outcome reporting (outcome reporting bias)

o Other biases

Due to the nature of the intervention, blinding of the operators will
not be possible. This may cause some performance bias, but it is
unavoidable and we do not expect it to be serious. It is also not pos-
sible to blind the participants, but this should not affect objective
outcomes, such as success rate of cannulation. Thus, we will rate
the performance bias domain as low risk irrespective of blinding
status. Because outcome adjudicators need to observe the proce-
dure on the scene to evaluate the outcomes, it is not possible to

blind them to treatment allocation. We will rate a study as being at
low risk of bias if a non-blinded independent outcome adjudicator
reports the outcomes. We will rate a study as high risk of bias if the
operator and the adjudicator are the same person.

We will define the overall risk of bias as follows.

« Low risk of bias: all seven domains rated as low risk

» Moderaterisk of bias: one or more domains rated as being at un-
clear risk

« Highrisk of bias: one or more domains rated as being at high risk

We will review the assessments and resolve any disagreements
through discussion. If needed, we will consult the sixth review au-
thor (NW).

Measures of treatment effect

We will calculate dichotomous data as risk ratios (RR) with 95%
confidence intervals (CI). We will calculate continuous data as
mean differences (MD) with 95% Cl when the outcomes of all stud-
ies use the same scale. We will use a standardized mean difference
(SMD) with 95% Cls if different scales are used.

Unit of analysis issues

The unit of analysis is the individual participant. If we include any
cluster-randomized trials, we will adjust the sample size by the tri-
al'sintracluster correlation coefficient, using the method described
in the Cochrane Handbook for Systematic Reviews of Intervention
(Higgins 2011). We will exclude any cluster-randomized trials which
do not report the intracluster correlation coefficient.

Dealing with missing data

We will contact the study authors when possible to obtain miss-
ing data. We will perform an intention-to-treat analysis when possi-
ble. We will impute data for binary outcomes using various scenar-
ios such as 'best-case' and 'worst-case' scenarios. For continuous
outcomes, we will use available-case analysis. We will calculate the
standard deviation from P values, standard errors or Cl according
to the instructions given in the Cochrane Handbook for Systematic
Reviews of Intervention (Higgins 2011). Otherwise, we will impute
them from other studies in the meta-analysis according to the val-
idated method (Furukawa 2006).

Assessment of heterogeneity

We will assess heterogeneity by inspecting forest plots visually, and
will examine statistical heterogeneity by Chi2 and I2 statistic. We
will use P=0.10 as the predefined significance level of heterogene-
ity for the Chi2 test. We will consider 12 statistics of 25% or lower
to indicate low heterogeneity, between 25% and 50% to indicate
moderate heterogeneity, and 50% or more to indicate substantial
heterogeneity. However, we will interpret this value in light of the
size and direction of effect and the strength of the evidence for het-
erogeneity, based on the P value from the Chi2 test (Higgins 2011).
If we identify substantial heterogeneity, we will investigate and re-
port potential reasons for this. We will define substantial hetero-
geneity as |12 over 50%.

Assessment of reporting biases

We will try to minimize the effect of publication bias by perform-
ing well-designed comprehensive literature searches, by using tri-
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al registries, such as ClinicalTrials.gov, and by contacting the man-
ufacturers of ultrasound machines. If we include a sufficient num-
ber of studies in a meta-analysis (i.e. more than 10 studies; Higgins
2011), we will visually inspect funnel plots to evaluate small study
effects and use contour-enhanced funnel plots to evaluate publica-
tion bias. We will evaluate reporting bias by checking the protocol
of the study, if we can identify one from searching trial registries.

Data synthesis

We will review the data from the included studies and, if possi-
ble, synthesize and analyze data using Review Manager software
(Review Manager 2014). We plan to use the random-effects mod-
el to pool data, because we expect the definitions of participants
and operators to vary to some extent between studies, and also
because the random-effects model is more conservative than the
fixed-effect model. If it is not possible to pool data, we will provide
clear reasons for this and report results narratively.

'Summary of findings' table

We will summarize the main findings of each relevant outcome re-
garding the magnitude of effect, total number of participants and
the number of relevant studies, and assess the quality of evidence
using the GRADE approach (GRADE 2004). We will use the GRADEpro
software to assist in the preparation of the 'Summary of findings'
table (GRADEpro GDT). A draft 'Summary of findings' table (Table 1)
shows the outcomes we consider to be the most clinically relevant:

« first-pass success rate of cannulation;

« overall success rate of cannulation;

« pain;

o procedure time;

« number of attempts before successful cannulation;
« patient satisfaction;

« overall complication rate (arterial punctures, hematoma forma-
tions, and nerve injuries).

We will present the results of the subgroup analyses in additional
'Summary of findings' tables where sufficient data are available.

Subgroup analysis and investigation of heterogeneity

We plan to perform subgroup analyses for the following parame-
ters, if we find sufficient data from the included studies.

« Difficulty of obtaining intravenous access: 'difficult' versus
'moderately difficult' versus 'easy’

Because the effectiveness of ultrasound guidance will vary depend-
ing on the difficulty of obtaining intravenous access in each partici-
pant, we will evaluate participants separately for each difficulty lev-
el, according to the following criteria:

« we will use the definition of the difficulty of peripheral intra-
venous cannulation adopted by original studies;

« we will define the difficulty based on the first-pass success
rate or the overall success rate of cannulation using the land-
mark method.

Because we expect the definition of difficulty of peripheral intra-
venous cannulation to differ between studies (Egan 2013; Liu 2014),
we will also define the difficulty based on the first-pass success
rate or the overall success rate of cannulation using the landmark

method. As in previous studies, we will categorize a success rate of
less than 60% as 'difficult’, a success rate of 60% to 80% as 'moder-
ately difficult', and a success rate of over 80% as 'easy' (McCarthy
2016; Sebbane 2013; van Loon 2016).

« Practical difficulties of obtaining intravenous access: difficult
versus not difficult

We will analyze participants separately where he or she satisfies the
definition of a difficult case. A difficult case is defined as any of the
following:

« the operator could not see and palpate the targeted vein;

« the operator identified a participant as a difficult case;

« the participant had a history of difficult intravenous access;
« the participant had multiple failed attempts.

+ Experience of ultrasound-guided cannulation: training versus
clinical experience versus training plus clinical experience

We will analyze separately if operators satisfy the following criteria:

« having finished any kind of training program for ultra-
sound-guided peripheral venous cannulation;

« having clinical experience of ultrasound-guided peripheral
intravenous cannulation;

« having finished any kind of training program for ultra-
sound-guided peripheral venous cannulation plus having
clinical experience of ultrasound-guided peripheral intra-
venous cannulation.

« Study settings: emergency departments or intensive care units
(ICUs) versus operating rooms

Compared to participants in operating rooms, those in emergency
departments or ICUs are more likely to be in shock or dehydrated.
Since these factors are associated with difficult intravenous cannu-
lation, the ultrasound-guided method may be more effective in the
setting of emergency departments or ICUs than in operating rooms.

« Date of publication: 1999 to 2008 versus 2009 to 2019

Advances in machine technology may lead to improved ultrasound
image quality, improving the effectiveness of ultrasound guidance.
Therefore, we will stratify the studies by publication year into two
groups: 1999 to 2008, and 2009 to 2019. If we include more than 10
studies, we will also perform univariate meta-regression with Stata
software, using publication year as a continuous covariate (Stata).

« Types of ultrasound guidance

We will analyze studies separately according to type of ultrasound
guidance:

« short-axis technique versus long-axis technique;
« dynamic method versus static method.

Sensitivity analysis

We plan to perform sensitivity analyses for the following factors, if
applicable.

« We will limit the analysis to studies with low risk of bias. We
define low risk of bias as satisfying all of the following do-
mains: adequate allocation concealment, blinding of outcome

Ultrasound guidance versus landmark method for peripheral venous cannulation in adults (Protocol) 5
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



c Coch rane Trusted evidence.
= . Informed decisions.
1 Libra ry Better health. Cochrane Database of Systematic Reviews

assessment, and data analysis performed according to thein- ACKNOWLEDGEMENTS
tention-to-treat principle.
« We will limit the analysis to RCTs only. We sincerely thank Cochrane Vascular for their support and guid-
ance in the preparation of this protocol.

Ultrasound guidance versus landmark method for peripheral venous cannulation in adults (Protocol) 6
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

REFERENCES

Additional references

ASA Task Force 2012

American Society of Anesthesiologists Task Force on Central
Venous Access, Rupp SM, Apfelbaum JL, Blitt C, Caplan RA,
Connis RT, et al. Practice guidelines for central venous access: a
report by the American Society of Anesthesiologists Task Force
on Central Venous Access. Anesthesiology 2012; Vol. 116, issue
3:539-73.

Attkisson 1982

Attkisson CC, Zwick R. The client satisfaction questionnaire.
Psychometric properties and correlations with service
utilization and psychotherapy outcome. Evaluation and
Program Planning 1982;5(3):233-7.

Avila 2019
Avila J. REBELCast Ep62 - US Guided PIVs with Jacob Avila, MD.

rebelem.com/rebelcast-ep62-us-guided-pivs-with-jacob-avila-
md/ Accessed 6 September 2019.

Bahl 2019
Bahl A, Hang B, Brackney A, Joseph S, Karabon P, Mohammad A,
et al. Standard long IV catheters versus extended dwell
catheters: a randomized comparison of ultrasound-guided
catheter survival. American Journal of Emergency Medicine
2019; Vol. 37, issue 4:715-21.

Brass 2015a
Brass P, Hellmich M, Kolodziej L, Schick G, Smith AF. Ultrasound
guidance versus anatomical landmarks for internal jugular vein
catheterization. Cochrane Database of Systematic Reviews 2015,
Issue 1. [DOI: 10.1002/14651858.CD006962.pub2]

Brass 2015b

Brass P, Hellmich M, Kolodziej L, Schick G, Smith AF. Ultrasound
guidance versus anatomical landmarks for subclavian or
femoral vein catheterization. Cochrane Database of Systematic
Reviews 2015, Issue 1. [DOI: 10.1002/14651858.CD011447]

Carr 2016
Carr PJ, Rippey JC, Budgeon CA, Cooke ML, Higgins N,
Rickard CM. Insertion of peripheral intravenous cannulae in
the Emergency Department: factors associated with first-time
insertion success. Journal of Vascular Access 2016;17(2):182-90.

Covidence [Computer program]
Veritas Health Innovation. Covidence. Version accessed
6 September 2019. Melbourne, Australia: Veritas Health
Innovation.

Dargin 2010
Dargin JM, Rebholz CM, Lowenstein RA, Mitchell PM,
Feldman JA. Ultrasonography-guided peripheral intravenous
catheter survival in ED patients with difficult access. American
Journal of Emergency Medicine 2010;28(1):1-7.

Dillon 2008

Dillon MF, Curran J, Martos R, Walsh C, Walsh J, Al-Azawi D,
et al. Factors that affect longevity of intravenous cannulas: a
prospective study. QJM: Monthly Journal of the Association of
Physicians 2008;101(9):731-5.

Egan 2013

Egan G, Healy D, O'Neill H, Clarke-Moloney M, Grace PA,
Walsh SR. Ultrasound guidance for difficult peripheral venous
access: systematic review and meta-analysis. Emergency
Medicine Journal 2013;30(7):521-6.

Elia 2012

Elia F, Ferrari G, Molino P, Converso M, De Filippi G, Milan A, et
al. Standard-length catheters vs long catheters in ultrasound-
guided peripheral vein cannulation. American Journal of
Emergency Medicine 2012;30(5):712-6.

Fields 2012

Fields JM, Dean AJ, Todman RW, Au AK, Anderson KL, Ku BS,
et al. The effect of vessel depth, diameter, and location on
ultrasound-guided peripheral intravenous catheter longevity.
American Journal of Emergency Medicine 2012;30(7):1134-40.

Furukawa 2006

Furukawa TA, Barbui C, Cipriani A, Brambilla P, Watanabe N.
Imputing missing standard deviations in meta-analyses can
provide accurate results. Journal of Clinical Epidemiology
2006;59(1):7-10.

GRADE 2004

Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, et al.
Grading quality of evidence and strength of recommendations.
BMJ 2004;328(7454):1490-4.

GRADEpro GDT [Computer program]

McMaster University (developed by Evidence Prime). GRADEpro
GDT. Version accessed 6 September 2019. Hamilton (ON):
McMaster University (developed by Evidence Prime).

Heinrichs 2013

Heinrichs J, Fritze Z, Vandermeer B, Klassen T, Curtis S.
Ultrasonographically guided peripheral intravenous
cannulation of children and adults: a systematic review
and meta-analysis. Annals of Emergency Medicine
2013;61(4):444-454 e1.

Higgins 2011

Higgins JP, Green S, editor(s). Cochrane Handbook for
Systematic Reviews of Interventions Version 5.1 (updated
March 2011). The Cochrane Collaboration, 2011. Available from
handbook.cochrane.org.

Jones 1989

Jones SE, Nesper TP, Alcouloumre E. Prehospital intravenous
line placement: a prospective study. Annals of Emergency
Medicine 1989;18(3):244-6.

Ultrasound guidance versus landmark method for peripheral venous cannulation in adults (Protocol)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.


https://doi.org/10.1002/14651858.CD006962.pub2
https://doi.org/10.1002/14651858.CD011447

Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

Keyes 1999

Keyes LE, Frazee BW, Snoey ER, Simon BC, Christy D.
Ultrasound-guided brachial and basilic vein cannulation in
emergency department patients with difficult intravenous
access. Annals of Emergency Medicine 1999;34(6):711-4.

Lapostolle 2007

Lapostolle F, Catineau J, Garrigue B, Monmarteau V, Houssaye T,
Vecci |, et al. Prospective evaluation of peripheral venous
access difficulty in emergency care. Intensive Care Med
2007;33(8):1452-7.

Liu 2014

Liu YT, Alsaawi A, Bjornsson HM. Ultrasound-guided peripheral
venous access: a systematic review of randomized controlled
trials. European Journal of Emergency Medicine 2014;21:18-23.

Mahler 2011

Mahler SA, Wang H, Lester C, Skinner J, Arnold TC, Conrad SA.
Short- vs long-axis approach to ultrasound-guided peripheral
intravenous access : a prospective randomized study. American
Journal of Emergency Medicine 2011;29(9):1194-7.

McCarthy 2016

McCarthy ML, Shokoohi H, Boniface, KS, et al. Ultrasonography
versus landmark for peripheral intravenous cannulation: a
randomized controlled trial. Annals of Emergency Medicine
2016; Vol. 68, issue 1:10-18.

McGee 2003

McGee DC, Gould MK. Preventing complications of central
venous catheterization. New England Journal of Medicine
2003;348(12):1123-33.

Mendeley [Computer program]

Elsevier. Mendeley. Amsterdam, NL: Elsevier, accessed 6
September 2019.

Mills 2007

Mills CN, Liebmann O, Stone MB, Frazee BW.
Ultrasonographically guided insertion of a 15-cm catheter
into the deep brachial or basilic vein in patients with
difficult intravenous access. Annals of Emergency Medicine
2007;50(1):68-72.

Minville 2006

Minville V, Pianezza A, Asehnoune K, Cabardis S, Smail N.
Prehospital intravenous line placement assessment in the
French emergency system: a prospective study. European
Journal of Anaesthesiology 2006;23(7):594-7.

NTA Guidance 2002

NICE Technology Appraisal. Guidance on the use of ultrasound
locating devices for placing central venous catheters (TA49).
www.nice.org.uk/guidance/ta49 (accessed 14 August 2018).

Ortega 2008

Ortega R, Sekhar P, Sing M, Hansen CJ, Peterson L. Peripheral
intravenous cannulation. New England Journal of Medicine
2008;359(21):€26.

Ouzzani 2016

Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan
- a web and mobile app for systematic reviews. Systematic
Reviews 2016;5:210.

Review Manager 2014 [Computer program]

The Nordic Cochrane Centre, The Cochrane Collaboration.
Review Manager (RevMan). Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014.

Sebbane 2013

Sebbane M, Claret PG, Lefebvre S, Mercier G, Rubenovitch J,
Jreige R, et al. Predicting peripheral venous access difficulty

in the emergency department using body mass index and a
clinical evaluation of venous accessibility. Journal of Emergency
Medicine 2013;44(2):299-305.

Shokoohi 2013

Shokoohi H, Boniface K, McCarthy M, Khedir Al-tiae T,
Sattarian M, Ding R, et al. Ultrasound-guided peripheral
intravenous access program is associated with a marked
reduction in central venous catheter use in non-critically ill
emergency department patients. Annals Emergency Medicine
2013;61:198-203.

Stata [Computer program]

StatCorp. Stata. Version 15. College Station, TX, USA: StatCorp,
2017.

Stolz 2015

Stolz LA, Stolz U, Howe C, Farrell 1J, Adhikari S. Ultrasound-
guided peripheral venous access: a meta-analysis and
systematic review. Journal of Vascular Access 2015;16(4):321-6.

Ullman 1978

Ullman JI, Stoelting RK. Internal jugular vein location with
the ultrasound Doppler blood flow detector. Anesthesia and
analgesia 1978;57(1):118.

van Loon 2016

van Loon FH, Puijn LA, Houterman S, Bouwman AR.

Development of the A-DIVA Scale: a clinical predictive scale to
identify difficult intravenous access in adult patients based on
clinical observations. Medicine (Baltimore) 2016;95(16):e3428.

van Loon 2018

van Loon FH, Buise MP, Claassen JJ, Dierick-van Daele AT,
Bouwman AR. Comparison of ultrasound guidance with
palpation and direct visualisation for peripheral vein
cannulation in adult patients: a systematic review and meta-
analysis. British Journal of Anaesthesia 2018;121(2):358-66.

Wu 2013

Wu SY, Ling Q, Cao LH, Wang J, Xu MX, Zeng WA. Real-
time two-dimensional ultrasound guidance for central
venous cannulation: a meta-analysis. Anesthesiology
2013;118(2):361-75.

Ultrasound guidance versus landmark method for peripheral venous cannulation in adults (Protocol)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

ADDITIONAL TABLES

Table 1. Example 'Summary of findings' table

Cochrane Database of Systematic Reviews

Ultrasound guidance compared with landmark method for peripheral venous cannulation

Patient or population: all adults who require a peripheral intravenous line

Settings: any setting (emergency departments, intensive care units, operating rooms, etc.)

Intervention: ultrasound guidance

Comparison: landmark method

Outcomes Illustrative compara- Relative ef- No of Par- Quality of the evidence Com-
tive risks* (95% Cl) fect ticipants (GRADE) ments
(95% Cl) (studies)
Assumed Corre-
risk sponding
risk
Land- Ultra-
mark sound
method guidance
First-pass success Study population RR [value] [value] [Delete as
rate of cannulation ([value] to ([value]) appropriate]
) [value] [value] [value])
(follow-up: at time of per 1000 per 1000 HOOO
cannulation) ([value] to very low
[value])
BPOO
low
DBDO
moderate
ODOD
high
Overall successrate  Study population RR [value] [value] [Delete as
of cannulation ([value] to ([value]) appropriate]
) [value] [value] [value])
(follow-up: at time of per 1000 per 1000 elcle]
cannulation) ([value] to very low
[value])
OBOO
low
DDDO
moderate
DO
high
Pain Themean The mean [value] [Delete as
] ) [outcome] [outcome] ([value]) appropriate]
(Numerical rating ranged in the in-
Scale from 0, no pain across tervention SO0
to 11, worst pain; fol-  ¢ontrol groups very low
low-up: at time of groups was
cannulation) from [value] ©000
[low- low
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Table 1. Example 'Summary of findings' table (continved)

[val- er/high- SDDO
ue][mea- er] moderate
sure] [(value to
value low- SOOD
er/high- high
er)]
Procedure time for The mean  The mean [value] [Delete as
peripheral venous [outcome] [outcome] ([value]) appropriate]
cannulation ranged in the in-
across tervention RS
(follow-up: attime of  control groups very low
cannulation) groups was
from [value] i‘}@@@
[val- [low- ow
ue][mea- er/high- .
sure] er] moderate
[(value to
value low- DPDD
er/high- high
er)]
Number of attempts  Study population RR [value] [value] [Delete as
before successful ([value] to ([value]) appropriate]
cannulation [value] [value] [value])
, per1000  per 1000 ©000
(follow-up: at time of ([value] to very low
cannulation)
[value]) BB
low
DDDO
moderate
DODD
high
Patient satisfaction = Themean The mean [value] [Delete as
[outcome] [outcome] ([value]) appropriate]
(Likert scales; fol- ranged inthein-
low-up: at time of across tervention elcle]
cannulation) control groups very low
groups was
from [value] EBGBO@
[val- [low- ow
ue][mea- er/high- .
sure] er] moderate
[(value to
value low- PODD
er/high- high
er)]
Overall complica- Study population RR [value] [value] [Delete as
tion rate ([value] to ([value]) appropriate]
) ) [value] [value] [value])
({ncludlng arte- per 1000 per 1000 elcle]
rial puncture, ([value] to very low
hematoma, nerve [value])
injury; follow-up: at NAZOC)
time of cannulation) low
DODO
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Table 1. Example 'Summary of findings' table (continved)

moderate

DODD
high

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk
(and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention
(and its 95% Cl).

Cl: confidence interval; ICU: intensive care unit RR: risk ratio.

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change
the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to
change the estimate.

Very low quality: We are very uncertain about the estimate.

APPENDICES

Appendix 1. MEDLINE search strategy
1 Catheterization, Peripheral/ 8259

2 Cathlon.ti,ab. 4

3 "intravenous cannul*".ti,ab. 816

4 "peripheral intravenous".ti,ab. 1064

5 "peripheral vein*"ti,ab. 2409

6 "peripheral venous".ti,ab. 4160

7 Venflon.ti,ab. 43

8 ((Catheter* or cannula* or puncture* or line or access) adj3 (peripher* or intravenous)).ti,ab. 9611
90r/1-821349

10 exp ULTRASONOGRAPHY, INTERVENTIONAL/ 21889
11 ultrasonograph™.ti,ab. 97463

12 Ultrasound*.ti,ab. 216398

13 0or/10-12 300295

149 and 13 1490

15 randomized controlled trial.pt. 469353
16 controlled clinical trial.pt. 92682

17 randomized.ab. 423387

18 placebo.ab. 192319

19 drug therapy.fs. 2052184

20 randomly.ab. 298375
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21trial.ab. 441082

22 groups.ab. 1839754

23 0r/15-22 4293737

24 exp animals/ not humans.sh. 4502107

2523 not 24 3711957

26 14 and 25 385

CONTRIBUTIONS OF AUTHORS

MT: designed and drafted protocol

TM: designed and drafted protocol

CT: designed and drafted protocol

NY: revised protocol

TF: revised protocol

NW: designed and revised protocol; guarantor of the review

DECLARATIONS OF INTEREST

MT: has received research grants from Nakatani Foundation (ongoing multicenter prospective cohort study for myocardial infarction in
the emergency department) and Radiometer (ongoing multicenter prospective cohort study of myocardial infarction in the emergency
department). His institution receives assistance from Roche, Abbott, and Siemens for an ongoing multicenter cohort study measuring tro-
ponin levelsin myocardial infarction. None of these organizations and companies are related to ultrasound-guided peripheralintravenous
cannulation. MT has co-authored a textbook about ultrasound-guided peripheral intravenous cannulation in emergency medicine, and
has received royalties from Japan Medical Journal. The textbook is about the technical issues of the review intervention. It explains the
review intervention as one of various options, and is not intended to promote the review intervention. Japan Medical Journal has no role
in this Cochrane Review and meta-analysis.

TM: has received payment for lectures on emergency point-of-care ultrasound from Fuijifilm.

CT: none known

NY: none known

TF: has received lecture fees from Meiji, Mitsubishi-Tanabe, Merck Sharp & Dohme Corp. (MSD) and Pfizer. He has received research support
from Mitsubishi-Tanabe. He has received royalties from Igaku-Shoin and Nihon Bunka Kagaku-sha.

NW: his institution has received research funds from the Japanese Ministry of Health Labor and Welfare and the Japanese Ministry of Ed-
ucation, Science, and Technology. He has also received royalties from Sogensha and Akatsuki for writing a book and developing software
about interventions for insomnia. This review is completely independent from the intention of these grants.

SOURCES OF SUPPORT

Internal sources

« No sources of support supplied

External sources

« Chief Scientist Office, Scottish Government Health Directorates, The Scottish Government, UK.

The Cochrane Vascular editorial base is supported by the Chief Scientist Office.

Ultrasound guidance versus landmark method for peripheral venous cannulation in adults (Protocol) 12
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



