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Abstract

Objective: To develop and validate a difficult intravenous access risk assessment and escalation pathway, to increase
first time intravenous insertion success in paediatrics.

Methods: Mixed methods underpinned by literature and co-production principles. Iterative development of the
instrument was informed through semi-structured interviews and stakeholder workshops. The instrument includes
a risk assessment, inserter skill self-assessment, and escalation pathways. Reproducibility, reliability, and acceptability
were evaluated in a prospective cohort study at a quaternary paediatric hospital in Australia.

Results: Interview data (three parents, nine clinicians) uncovered two themes: i) Recognition of children with DIVA
and subsequent escalation is ad hoc and problematic; and ii) Resources and training impact inserter confidence

and ability. Three workshops were delivered at monthly intervals (February—April 2020) involving 21 stakeholders
culminating in the co-production of the “DIVA Key” The DIVA Key was evaluated between May-December 2020 in

78 children; 156 clinicians. Seventy-eight paired assessments were undertaken with substantial agreement (concord-
ance range =81.5 to 83.0%) between the assessors. Interrater reliability of the DIVA risk assessment was moderate
(kappa=0.71, 95% Cl 0.63-0.80). The DIVA Key predicted multiple insertion attempts for red (high risk) DIVA classifica-
tion (relative risk ratio 5.7, 95% Cl 1.2-27.1; reference low risk). Consumer and clinician satisfaction with DIVA Key was
high (median (IQR) =10 [8-10]; 8 [8-10 respectively).

Conclusion: The DIVA Key is a straightforward, reliable instrument with inbuilt escalation pathway to support the
identification of children with difficult intravenous access.

Keywords: Pediatrics, Catheterization, peripheral, Difficult intravenous cannula insertion, Clinical decision-making,
Decision support techniques, Quality improvement

Introduction

Insertion of a peripheral intravenous catheter (PIVC) is

almost synonymous with hospitalisation [1, 2]. As a vas-

cular access device, it is minimally invasive and facilitates

immediate medical treatment. However, most children
*Correspondence: jschults@ug.edu.au and their families describe insertion of a PIVC to be one
* Alliance for Vascular Access Teaching and Research, Menzies Health of the most painful and stressful procedures during their
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fail [4-6], leading to delays to medical treatment and
extended inpatient days [7, 8]. For health services, PIVC
insertion failure contributes to significant usage and
wastage of healthcare resources, costing the Australian
health care system nearly $450 million [AUD] annually
[9].

More than 50% of children are conservatively estimated
to have difficult intravenous access (DIVA) [5, 10, 11].
DIVA is characterised by nonvisible and non-palpable
veins; which may be due to physiology, pathology, or
previous PIVC damage; making PIVC insertion ‘diffi-
cult’ for most clinicians [6]. The ‘average’ PIVC insertion
requires two attempts and 20-30min [12]. For chil-
dren with DIVA, successful PIVC insertion may require
upwards of nine attempts (needle sticks) [5]. Historically,
DIVA status is retrospectively assigned after the patient
has endured multiple failed PIVC insertion attempts. As
a result, there has been a recent surge in the develop-
ment of DIVA decision-making resources for paediatric
patients [13]. Processes to identify children with DIVA
have been attempted, primarily within emergency depart-
ments [14] with the development of three [11], four [10,
11, 15] and five variable DIVA Scores [16]; a Peripheral
Venous Grading System [17] and a Peripheral Vein Assess-
ment Instrument [18]. While many have been based on
sizeable cohorts, their clinical generalisability in general
hospital wards can be limited [10, 11, 15]. Furthermore,
they are i) limited in their capacity to direct clinicians
on how to manage these ‘DIVA’ patients once identified;
and ii) typically do not feature consumer engagement,
or patient centred principles such as procedural pain, or
skill and confidence of the inserter. Together with input
from key clinical stakeholders and pediatric consumers,
we sought to develop a DIVA identification and escala-
tion instrument (the DIVA Key) to support clinical prac-
tice. The reliability, reproducibility, and acceptability
of the DIVA Key, as a strategy to identify children with
DIVA, was then evaluated to assess clinical utility and
application feasibility in paediatric settings.

Methods

A sequential, mixed methods study was undertaken at
the Queensland Children’s Hospital (QCH) Australia, a
quaternary paediatric hospital, between February and
December 2020. Study design was underpinned by the
Co-production and Prototyping framework for Public
Health Interventions [19]. Ethical approval was obtained
from Children’s Health Queensland Human Research
Ethics Committee (LNR/19/QCHQ/55326) and Grif-
fith University (2019/797). The study is reported in line
with The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) Statement [20] and
informed by the COnsensus-based Standards for the

Page 2 of 10

selection of health status Measurement INstruments
(COSMIN) checklist [21].

Phase 1: DIVA key co-production

Aim

To co-produce an instrument to identify and escalate
insertion procedures for children with DIVA.

Research questions

1. What are the current experiences of key stakeholders
regarding DIVA?

2. What are the instrument requirements based on
stakeholders’ views?

Stakeholder mapping and recruitment

We identified and invited a cross-section of multidiscipli-
nary stakeholders, including physicians, vascular access
specialists, nurses, educators, quality and safety experts,
hospital executives and consumer representatives to
attend interviews and advisory group workshops via
email invitation and expressions of interests (facilitated
through QCH Family Advisory Council). Relevant multi-
disciplinary stakeholders were clinicians actively involved
in vascular access with an interest in the development
of policy and instruments related to identifying patients
with DIVA across the health service. Where specific
stakeholders were unable to attend, we employed snow-
balling techniques to recruit other relevant stakeholders.
This approach provided a broad skill-set and perspective
in the process of co-producing the instrument.

Semi-structured interviews
Semi-structured interviews were conducted to under-
stand stakeholders’ current views and previous expe-
riences with children with DIVA and related policy.
Interviews utilised an interview guide and were con-
ducted until data saturation was achieved, determined
through the use of field notes [22, 23]. This activity facili-
tated evidence gathering of the current circumstances to
be used as testimonials during the workshops [24].
Qualitative data obtained from interviews were ana-
lysed using iterative and inductive thematic analy-
sis [23], per Braun and Clarke’s six phases of thematic
analysis [23]. Initially two researchers (KC, JS) read
transcribed interviews, independently generating ini-
tial codes. An audit trail was used to enhance depend-
ability [25]. Codes were collated into potential themes.
Themes were reviewed by both researchers in relation to
coded extracts and a thematic map generated. To ensure
authenticity resulting themes were reviewed by a third
team member (VG).
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Workshop design

Workshop design (# = 3) was informed by Carney/Oliver
co-production principles [24, 26, 27]. Workshops were
carefully planned using a scripted approach (example
Supplementary material 1) and focused on joint deci-
sion-making between the research team, stakeholders,
and consumers [28]. Workshop participants were pro-
vided an evidence summary (literature review findings
[13]), excerpts from interview texts summarising desired
instrument requirements, and an overview of current
local DIVA policy. Expert opinion was an important con-
sideration for co-production of instrument inclusions,
with clinician gestalt linked with DIVA status prediction
and first attempt insertion failure [29].

Evaluation of instrument reproducibility, reliability, utility
and acceptability

Reproducibility, reliability, utility, and acceptability of
the instrument was evaluated using a prospective cohort
study in the medical and surgical wards and operating
theatres at QCH with the following objectives:

1. To evaluate the degree of agreement between insert-
ers using the paediatric DIVA instrument (peripheral
vein assessment instrument);

2. To evaluate the validity reliability of the paediatric
DIVA instrument (peripheral vein assessment instru-
ment);

3. To evaluate the reliability of the paediatric DIVA
instrument (peripheral vein assessment instrument);

4. Describe the utility of the DIVA escalation pathway;

5. Determine clinician and consumer acceptability of
the DIVA instrument;

6. To determine the performance of the DIVA instru-
ment.

Staff resourcing and existing model of care prevented
testing of the reliability and impact of the escalation com-
ponent of the DIVA Key.

Sample and participants

A stratified, purposeful sample [30] of 78 children were
recruited across the ages of: neonates (<1month)
(n =10), 1 month—2years (n =17), 2—-5years, 5-10years
(n=17), and 10-18years (n=17). Children were eligi-
ble for study inclusion if they required the insertion of a
PIVC. We excluded children requiring an emergent PIVC
insertion, PIVC insertions outside hospital settings, chil-
dren under the care of the Department of Social Services,
and children from non-English speaking families without
access to an interpreter.
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Measurements
Study measures are outlined in Table 1.

Study procedures

Patients who met eligibility criteria were approached
for informed consent by the clinical research nurse
(CRN). Peripheral vein assessments were then con-
secutively performed by two clinicians experienced in
paediatric PIVC insertion. The order of the assessments
was random, and successive, with assessors masked to
the outcome of the previous assessment. Each patient’s
‘risk’ level on the vein assessment instrument was then
referenced against the escalation pathway and the deci-
sion to comply with its recommendation was based on
the inserter’s preference. Following PIVC insertion, the
CRN assessed staff and consumer satisfaction with the
instrument and overall PIVC insertion.

Sample size

We assumed the true concordance rate was 75%, and
therefore to estimate the percentage concordance to
within +/—10%, with alpha=0.05, a sample of 76
participants was needed. To ensure equal split among
groups, however, the target sample size was set at 78.

Data collection and management

A screening log recorded patient information includ-
ing name, unique hospital identifier (UR), eligibility and
recruitment. Demographic and clinical data including
age, gender, diagnosis, instrument assessment and rec-
ommendation were recorded on the case report form
by the CRN and entered into an electronic data plat-
form, REDCap"' (Research Electronic Data Capture)
[38, 39].

Statistical analysis

Patient and clinical variables, and staff and consumer
satisfaction ratings, were summarised using descriptive
statistics. Mean and standard deviation were used for
normally distributed data, and median and interquar-
tile range for data not normally distributed [31]. Counts
and percentages were used to summarise instrument
and pathway utility and feasibility. A mixed-effect logis-
tic regression was used to analyse how often different
clinicians reach the same response for each pair (insert
or refer). Percentage concordance is a standard meas-
ure of the predictive accuracy in a logistic regression
model. Reliability of the escalation pathway was analysed
using kappa coefficients and 95% confidence intervals.
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Table 1 Measures and timeframes
Construct Measure Source Time point

0 1 2 3
Face validity(33) Five clinicians® rated how well the instrument appeared to support PIVC insertion and DIVA @ @

recognition using a 5-point Likert scale 1 (strongly disagree) - 5 (strongly agree).

Content validity [31, 32]
simplicity for each item.

Five experts examined the DIVA Key's content validity using measures of relevancy, clarity,and Cl é

Agreement [33] Interrater agreement of the instrument was assessed using percentage concordance (agree-  CRF ?
ment parameter) between the assessors.

Reliability [34] Instrument reliability of the DIVA Key was assessed using Kappa. CRF é

Consumer acceptability Consumers (patient if >8years and/or parent representative) will be asked to rate their PC a

satisfaction with the DIVA instrument and escalation pathway (2 measures) using an 11-point

numerical scale (0-10).
Clinician acceptability

The inserter (clinician) will be asked to rate their satisfaction with the DIVA Key (peripheral vein  C

©

assessment instrument and escalation pathway) using an 11-point numerical scale (0-10) and

filed notes.
Utility PIVC insertions that are referred to an advanced practitioner that go on to be inserted by an CRF @
advanced practitioner.
PIVC insertions requiring USG that receive USG technology CRF @
Performance First time insertion success: The number of PIVCs successfully inserted on first needle punc- CRF @

ture as evidenced by blood flashback and ability to infuse 2-10 mL (age appropriate) 0.9%
sodium chloride without signs of swelling or pain at the insertion site [18, 35, 36].

Total number of PIVC insertion attempts (skin punctures) to successfully insert PIVC [36]. CRF
PIVC failure prior to the completion of therapy, per 1000 catheter days [37].

iEMR @

CRF Case report form, iEMR Integrated electronic medical records, P Parent reported measure, C Child reported measure, C/ Clinician, Time point 0 Instrument
development, Time point 1 At point of identification of indication for PIVC, Time point 2 Post PIVC insertion; Time point 3 PIVC removal or failure. DIVA Difficult

intravenous access, PIVC Peripheral intravenous catheter; USG Ultrasound guidance

@ Measure administered at this time point

b Two doctors, three nurses

Predictability of first insertion success by DIVA status
was analysed using a multinomial logistic regression
model.

Results

Phase 1: co-production of DIVA key

Semi structured interviews, gathering evidence of current
practice

In total 12 stakeholders (three consumer representa-
tives and nine clinicians) participated in semi-structured
interviews. Analysis of interview data revealed two main
themes which described the current clinical landscape: i)
Recognition of children with DIVA and subsequent esca-
lation is ad hoc and problematic; and ii) Resources and
training impact inserter confidence and ability. Supple-
mentary material 2 outlines the thematic map, support-
ive evidence and key principles and recommendations.
These recommendations were used in conjunction with
the literature review findings to support the co-produc-
tion workshops.

Co-production of the DIVA key
Three workshops were delivered at monthly intervals
(February 2020 to April 2020). Overall, 21 stakeholders

participated in the workshops, of which nine attended
two or more workshops. Stakeholders represented local
and regional perspectives across Queensland Health,
Academia and Educational organisations. By workshop
two, stakeholders had co-produced a prototype of a pae-
diatric DIVA vein assessment instrument and escalation
pathway. Instruments were refined and finalised for test-
ing in workshop three. Informal feedback received post
workshops revealed stakeholders perceived their con-
tribution as valuable to ensure the components of the
instrument were user-friendly and relevant to the health
service,

‘It was great to be able to contribute my knowledge of
procedural anxiety to the instruments development. (M3),
and.

“The traffic light system was a good addition to the
instrument layout and I was impressed they took my sug-
gestions onboard and included it in the final instrument’
(M9).

The resulting instrument, entitled the DIVA Key is
presented in Fig. 1 (visual concept created by @doubler.
design). The instrument includes: i) DIVA risk assess-
ment based on known DIVA risk factors [4, 15, 32,
33]; ii) inserter self-assessment of skill [34]; and iii) an
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Low Risk

No clinical urgency

1. Acuity (>2h)

Multiple visible/

2. Appearance palpable veins

Previous

3. Alerts easy access

Previously well or

4. Admissions mild illness

5.Age > 3 years

6. Anxiety Minimal anxiety

Developing
<100 paediatric insertions
<50% first pass success
Minimal US skills

7. Ability

Developing Inserter
From Treating Team
2 Attempts Max

8. Ascend

Consider where appropriate
1) Numbing cream

2) Sucrose or breast feed

3) Comfort position

4) Distraction

Fig. 1 DIVA Key

Maximum 2 attempts per inserter from any ability level
After 4 insertion attempts ESCALATE to an Advanced Inserter

Always Consider Whether Intravenous Therapy is Necessary?

The DIVA Key

Difficult IntraVenous Access

High Risk

Nil visible/palpable
veins

Documented alert
and/or US guidance
required in past
Severe comorbidities
and prolonged
hospital care

< 18 months
History of prematurity

Severe anxiety and/
or documented
needle phobia

Clinician Self Assessment

Advanced
>800 paediatric insertions
>80% first pa sS
Proficient US skills

Insertion & Escalation Pathway

Does your insertion ability = patient DIVA risk?

Advanced Inserter
Preferably
US Guided

VAMS (7am-3pm)
Anaesthetist
PICU Reg

Always Provide Procedural Support

Consider for Anxious Patients
Inhaled Entonox® or Quantiflex®
Enteral sedation

Refer to procedure CHQ-PROC-00303,
CHQ-PROC-62111

escalation pathway [18]. A colour coded, traffic light
system relative to risk (e.g., high risk of DIVA =Red)
was used in addition to paediatric friendly graphics
and logical flow to support decision making. Additional
prompts for pain management and anxiety are included
[35]. An outcome of the co-production process was that
the instrument was tailored to the local health setting
by including local policy references and contact details.

+ Insert Fig. 1. DIVA Key

Phase 2: evaluation of the DIVA key

Validity

Face validity of the instrument was demonstrated with
a median rating of 4.5 (IQR 3-5) for clarity and rele-
vance across five assessors (multidisciplinary clinicians
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who did not participate in the co-production work-
shops). The content validity of the DIVA Key resulted
in all items scoring >3 for clarity and feasibility using
a 4-point level of agreement (1, not; 2, somewhat; 3,
quite; 4, highly) [36, 37]. Revisions to flow, item word-
ing, and the addition of more elements were proposed
(e.g., traffic light system and procedural pain advice).
The DIVA Key was subsequently amended to support
the proposed modifications. Item validity was deter-
mined using a content validity index (I-CVI) [36, 37].
A panel of experts (n =4) comprising multidisciplinary
paediatric vascular access specialists were asked to pro-
vide feedback on the appropriateness and relevance of
survey items using a four-point level of agreement (1,
not; 2, somewhat; 3, quite; 4, highly). I-CVIs were cal-
culated as the number of experts giving a score of 3 or 4
(item cut-off score of 0.75). Briefly, I-CVI for the DIVA
Key ranged from 0.75 to 1.0. Overall, 20 out of 24 items
in the DIVA Key had an I-CVI of 1.00, demonstrating
moderate agreement among the content experts.

Table 2 Sample characteristics

Variable Participants (n =78)
Age, median (IQR), years 2.5(04-9.0)
Male, n (%) 45 (58%)

Weight, median (IQR), kg
General appearance, adiposity, n (%)

14.0 (7.0-31.0)

Minimal 28 (36%)

Moderate 33 (42%)

Excessive 17 (22%)
History of prematurity, n (%)

No 70 (90%)

Yes 8 (10%)
Primary diagnosis, n (%)

Medical 60 (77%)

Surgical 15 (19%)

Other 3 (4%)
Location of insertion, n (%)

Medical ward 39 (50%)

Operating room 15 (19%)

Babies ward 10 (13%)

Surgical ward 8 (10%)

Other? 6 (8%)
Device inserted for, n (%)

Treatment (e.g., antibiotics) 47 (60%)

Replacement device 17 (22%)

Other 14 (18%)

IQR Interquartile Range, kg Kilograms; Mons months, Yrs Years

2 includes intensive care admissions
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Reproducibility, reliability, utility and acceptability

In the prospective cohort study, 78 children were
recruited between May and December 2020 with no
refusals or loss to follow up. The sample characteristics
are outlined in Table 2.

Agreement and reliability

Agreement of the 78 paired DIVA Key assessments was
undertaken (individual assessors were blinded to the
other assessment) with substantial concordance (range
81.5 to 83.0%) between assessors across low, medium,
and high-risk groups (Table 3). Interrater reliability of
the DIVA risk assessment (DIVA classification) was 0.71
(Kappa, 95% CI 0.63—0.80; p=<0.001) suggesting mod-
erate agreement. Interrater reliability of the DIVA Key
recommendation for management was moderate 0.65
(0.57 to 0.72).

When the DIVA Key identified a child as being medium
risk, then the relative risk ratio (RRR) of having multiple
insertion attempts, compared to if they were identified as
low risk, increased by 6.2 (95% CI 1.6-24.5; p =0.009).
If the child was identified as high risk, compared to low
risk, then the relative risk of having multiple insertion
attempts was increased by a similar magnitude (RRR 5.7,
95% CI 1.2-27.1; p =0.03).

Acceptability

Consumer and clinician satisfaction with the DIVA Key
was high. The median consumer satisfaction score was
10/10 (IQR 8-10). Clinicians reported a median satisfac-
tion score of 8/10 (IQR 8-10) noting ‘People might over-
rate confidence! and ‘More information needed around
who makes the first attempt..

Instrument performance and utility

PIVC insertion characteristics and outcomes, by DIVA
risk are outlined in Table 4. First attempt insertion suc-
cess (46%) was lowest in children assessed as high risk

Table 3 Concordance of overall
Clinician 1 and Clinician 2

DIVA risk assessment by

First Assessor Second Assessor

Low-risk Medium-risk High-risk Specific
Agreement
(of DIVA risk
assessment)

Low-risk 22 6 0 83.0% (72.1 to

93.9%)

81.6% (72.1 to
91.1%)

81.5% (65.5 to
97.4%)

Medium-risk 3 31 5

High-risk 0 0 11
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Table 4 Comparison of PIVC insertion characteristics and outcome, by DIVA risk (assessed by treating clinician)
Variable Low (green) Medium (Yellow) High (Red)
(n=28) (n=39) (n=11)
First attempt insertion success, n (%, 95 Cl) 23 (82%; 68-96) 23 (59%; 46-74) 5 (46%; 16-75)
Number of attempts, median (IQR) 1(1-1) 1(1-3) 2(1-5)
First attempt by?, n (%)
Developing inserter 6(21) 3(8) 0(0)
Confident Inserter 15 (54) 15 (38) 4 (36)
Advanced inserter 7 (25) 21 (54) 7 (64)
Successful PIVC placed by, n (%)
Developing inserter 6(21) 2(5) 0(0)
Confident Inserter 16 (54) 14 (36) 0(0)
Advanced inserter 7 (25) 23 (59) 11 (100)
Rating of insertion difficulty®, median (IQR) 2(1-3) 2(1-5)¢ 5(3-7)

IQR Interquartile range

2 Self-report assessment of skill; b Successful inserter scale of 1-10; €3 missing; dday cases recruitment common

(red) and highest in children classified as low risk (82%).
The median number of insertion attempts in the high
risk group was 2 (IQR 1-5) compared to 1 in the low and
medium risk groups (IQRs 1-1 and 1-3 respectively).
Insertion difficulty was rated highest in children clas-
sified as high risk (5/10, IQR 3-7). All children (» =11)
identified as high risk of DIVA had their PIVC success-
fully inserted by an advanced inserter (self-capability
assessment RED). Of the 11 children, 90% (n =10) of
insertions utilised ultrasound guidance. No PIVC inser-
tions were abandoned with all children receiving an
intravenous catheter for treatment.

Discussion

This project co-produced and validated the DIVA Key
instrument to support the assessment and subsequent
escalation of PIVC insertion care in children with DIVA.
Consistent with the evidence-base around DIVA risk fac-
tors and existing DIVA instruments [10, 11, 13-18], the
DIVA Key included objective descriptions of vessel qual-
ity (e.g., appearance) and practice variables (e.g., acuity,
previous access history). These indicators were uniquely
complemented by rating the child’s reported or perceived
anxiety, along with the clinician’s self-assessment of abil-
ity, and recommendations for management of procedural
pain and anxiety. In this study the DIVA Key demon-
strated interrater reliability and agreement and was
acceptable to both clinicians and families. Our findings
support the instrument’s application and utility across a
quaternary paediatric hospital setting.

Our prior literature review and survey of practice [13,
40] demonstrated a variability surrounding the sensitiv-
ity and useability of paediatric DIVA instruments. Whilst
most tools demonstrated moderate predictive ability

(DIVA Score area under the curve [AUC] 0.67 75% [15],
3-variable DIVA score AUC 0.72 [11]), clinometric test-
ing outside of the emergency department was scarce.
Further existing DIVA tools lacked decision-making
cues to direct escalation, failed to consider inserter skill
and confidence, and did not take into consider patient
experience or preference (i.e., patient reported pain and
anxiety). To overcome these obstacles, the DIVA Key
was co-produced with stakeholders and consumers, and
underpinned by the diverse and unique insights they pro-
vided [41]. The resulting resource, the DIVA Key;, reflects
the experiences of clinicians and consumers, and demon-
strates promising reproducibility, utility, and acceptabil-
ity. Due to the insights from stakeholders and consumers,
the DIVA Key had strong face and content validity, and
stakeholders qualitatively reported that they felt their
feedback was incorporated into the final instrument.
PIVC insertion in patients with DIVA is challenging,
even for experienced clinicians [42]. Irrespective of
inserter skill, identification of DIVA risk should occur
prior to subjecting a child to multiple, painful failed
insertion attempts [43]. Early identification of chil-
dren with DIVA relies on instruments that, even with
minimal training, provide an objective and reproduc-
ible description of a child’s risk of DIVA. To achieve
this, the DIVA Key employed alliteration ( [44] draw-
ing emphasis to certain ideas) to prompt recall by
users of DIVA risk factors (acuity, appearance, alerts,
admissions, age, and anxiety) and a traffic-light sys-
tem [45] for risk level, complemented by the clinician
self-assessment (ability). As a result, there was consid-
erable agreement among assessors of varied skill level
when assessing the child’s predicted risk of DIVA, and
a high level of inserter-reported satisfaction with the
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instrument. Additionally, the DIVA Key demonstrated
high construct validity. Children who were assessed as
‘high risk’ had the lowest rate of first-attempt insertion
success, slightly higher median insertion attempts, and
greater perceived insertion difficulty.

Early identification of DIVA in children alone is not
sufficient to improve patient outcomes. Clinicians in
this study voiced concerns that they lacked the skills,
training, or resources to manage patients with DIVA.
This finding is consistent with earlier research high-
lighting the lack of support or resources available to
clinicians once DIVA is identified [13]. Therefore, the
DIVA Key includes a clear and concise escalation path-
way (ascend), that matches patient level of risk and
inserter competency, to guide the number of attempts
before escalation (i.e., no more than 2 attempts prior
to escalating to a more experienced clinician with or
without vessel visualisation technologies). Similar to
Hallam’s vessel preservation tool [18, 46].

This study has several strengths. Instrument devel-
opment was grounded in a literature review, survey of
practice and extensive stakeholder consultation [47,
48]. Additionally, the instrument development was
underpinned by the co-production framework [19]
and develop iteratively which allowed for constant
adaption and improvement based on key stakeholder
requirements. Despite these strengths our study is
not without limitations. The development of the
DIVA instrument relied heavily on clinical expertise.
Although this level of evidence can be inconsistent,
it was necessary to ensure the utility and acceptabil-
ity of the instrument. Previous research demonstrated
the complementary role of clinical ‘gestalt’ in accu-
rate DIVA identification [29]. Finally, in this study,
inserters were typically resident medical officers or
registered nurses as is standard in our local setting.
Insertion practices vary between institutions globally
however, and interpretations of the concordance and
utility of the instrument should be interpreted accord-
ingly. The design of the current study precluded eval-
uation of the criterion validity of the DIVA Key, and
therefore we were unable to determine the sensitivity
and specificity, and corresponding positive and nega-
tive predictive values, of the DIVA Key in detecting
a child’s DIVA status prior to escalation. Given the
indicators of DIVA used in the DIVA Key are consist-
ent with other highly sensitive paediatric instruments
(e.g., Cornell Assessment of Pediatric Delirium [49,
50]), and the results of logistic regression found that
first attempt insertion success was lowest in children
assessed as high risk of DIVA, however, suggests that
the DIVA Key is a promising instrument for the accu-
rate identification of DIVA in this population.
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Conclusion

We co-produced a user-friendly, consumer focussed
instrument to support the identification of DIVA in chil-
dren, with an inbuilt inserter escalation pathway. In this
cohort the DIVA Key appears to be a reliable instrument
to support the identification and management of DIVA
in children. Further testing among varying cohorts is
warranted to further test generalisability of this meas-
urement instrument and determine whether the imple-
mentation of an escalation pathway improves patient
outcomes.
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