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ABSTRACT
Introduction Peripheral intravenous catheters (PIVCs) 
frequently fail during therapy administration, resulting 
in infusates pooling in the surrounding tissue. These 
extravasation injuries can cause significant pain, tissue 
destruction and scarring. ivWatch is a biosensor that 
uses visible and near- infrared light to measure tissue 
changes surrounding the PIVC and alert clinicians when 
extravasation may occur. The effectiveness of ivWatch, 
in comparison to clinical observation, in decreasing 
injury severity is unknown. The present study aims 
to investigate whether using ivWatch may potentially 
detect injury earlier and decrease the severity of PIVC 
extravasation injuries.
Methods and analysis A single centre, parallel group, 
open- label superiority randomised controlled trial 
comparing (a) standard care (clinical observation) to 
(b) ivWatch monitoring in addition to standard care, 
to decrease the severity of extravasation injuries. 200
children with PIVCs inserted in the distal half of the
limb, receiving intermediate- risk to high- risk infusates
for ≥24 hours, will be consecutively recruited at a
paediatric intensive care unit in Queensland, Australia. 
The primary outcome is extravasation severity, measured
by the Cincinnati Children’s Extravasation Harm Scale. 
Secondary outcomes include severity assessed with
three- dimensional camera imaging, extravasation volume, 
treatment sequelae, the number of PIVCs used and dwell
time, quality of life and healthcare costs. The between
treatment difference in extravasation severity will be
compared using ordinal logistic regression, with the
treatment group included as the main effect, and reported
with corresponding 95% CIs. Estimates of value will be
presented as net monetary benefits and cost per reduction
in extravasation injury severity, both presented with
corresponding 95% credible intervals.
Ethics and dissemination This study received approval
from the Children’s Health Queensland Hospital and
Health Service Human Research Ethics Committee (HREC)
(reference number: HREC/20/QCHQ/60867) and the Griffith
University HREC (reference number: 2020/310) and will

be disseminated via peer- reviewed publications and 
conference presentations.
Trial registration number ACTRN12620000317998.

INTRODUCTION
Peripheral intravenous catheters (PIVCs) 
are one of the most common invasive inter-
ventions in paediatric intensive care units 
(PICUs). While their insertion is vital for 
treatment administration, injuries and 
complications associated with PIVC use are 
an under- recognised patient safety issue.1 
Previous research has demonstrated PIVC 
dysfunction, including extravasation, results 
in the premature failure of up to 40% of 
PIVCs in children.2–5 Critically ill children 
are especially vulnerable to extravasation 
injuries due to their exposure to multiple 
high- risk drugs, difficulties in vascular access 
and the common use of sedation, which may 

Strengths and limitations of this study

 ► First randomised controlled trial evaluating the effi-
cacy of a biosensor using visible and near- infrared
light (ivWatch), in comparison to standard care (clin-
ical observation alone), to prevent significant extrav-
asation injuries.

 ► Allocation will not be concealed to clinical staff since 
ivWatch is visible and must be managed; however,
masked burns physicians and nurses will assign
extravasation severity outcomes according to stan-
dardised definitions, and data analysis will be per-
formed by the statistician using a masked dataset.

 ► Secondary outcomes include quality of life and
healthcare costs.

 ► The trial is limited to the paediatric intensive care
population.
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affect timing of detection of extravasation.6–8 Extravasa-
tion injuries from PIVCs are common, especially in the 
PICU. They lead to pain and tissue damage at the site of 
injury. A proportion lead to tissue loss with a subsequent 
need for reconstructive operations, such as skin grafting 
and/or later scar revisional surgery. These patients go 
on to develop lifelong scarring that, in some instances, is 
also associated with a lifelong functional deficit across a 
joint or involving underlying muscle groups. In Australia, 
extravasation injuries caused by inadvertent extravascular 
delivery of intravenous medication rank among the top 
five causes of critical incidents in paediatric critical care.

The risk of PIVC- associated extravasation injuries is 
influenced by several factors: the patient’s comorbidities, 
their current pathology, catheter insertion technique, 
the infusates and duration of administration.8–10 Within 
the PICU, there is a confluence of these factors, resulting 
in an increased prevalence and severity of extravasation 
sequelae, in comparison to other healthcare settings and 
populations. The larger the volume extravasated, the 
easier it is for clinicians to identify extravasation injuries. 
But by then, extensive injury (including necrosis) may 
have already occurred (figures 1–4).

Early identification and management of extravasation 
can reduce the severity and sequelae of these healthcare- 
associated injuries.11 Current guidelines recommend 

hourly assessment of the intravenous site for continuous 
infusions, and more frequent assessment of high- risk infu-
sions every 5–10 min.12 In the busy PICU environment, 
continuous monitoring of PIVC sites by bedside clinicians 
is impractical and ineffective. Other patient management 
tasks, such as airway maintenance or haemodynamic 
management, may be prioritised over surveillance of an 
intravenous site. Additionally, the primary early sign of 
PIVC dysfunction is localised pain, which is extremely 
difficult to assess in sedated, ventilated or non- verbal chil-
dren.13 14

A potential new technological solution to improve early 
detection of dysfunctional PIVCs is a biosensor using 
visible and near- infrared light, known as ivWatch (ivWatch 
LLC; Newport News, Virginia, USA). ivWatch consists of a 
patient monitor, a reusable electronic cable and a sterile 
disposable sensor to secure to the patient’s skin adjacent 
to the PIVC site (figure 5). The ivWatch sensor continu-
ously monitors the optical properties of tissue near the 
PIVC site, and provides audible and visual notifications 
when tissue fluid volume changes. While this technology 
shows significant potential to reduce the sequelae associ-
ated with PIVC extravasation, to date there are few data 
to support its use. A single- site, small, industry sponsored 
cohort study (n=213; 28 events) at Cincinnati Children’s 
Hospital found ivWatch alerted clinicians to suspected 

Figure 1 Extravasation injury to the dorsum of the hand 
2 days post injury caused by 10% dextrose and potassium 
infusion in a 5- week- old infant.

Figure 2 Same patient as figure 1,10 days post injury. Injury 
treated with nanocrystalline silver dressings. No skin graft 
required.
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extravasation in 78% of cases before clinician detection, 
improving time to identification by 30 hours (95% CI 14.8 
to 44.8).15 Similarly, a recent cohort study in neonates 

(n=15) found ivWatch identified 93.3% (n=14) of clini-
cally diagnosed, minor infiltration/extravasation events. 
The manufacturer’s white paper states ivWatch has the 
capability to detect extravasations of as little as 0.22 mL 
of infused fluid, with an average detection of an extrav-
asation of ~3 mL.16 In Australia, the Therapeutic Goods 
Authority has provided product approval, but the clin-
ical effectiveness and value of ivWatch in comparison to 
current care have not been established.

We aim to conduct an open label randomised controlled 
trial to evaluate the ivWatch technology in critically ill 
children treated with intermediate- risk or high- risk intra-
venous medications.

Study aims
The overall aim of this study is to decrease the severity of 
extravasation injuries associated with PIVCs in paediatric 
intensive care patients. In order to achieve this aim, this 
project seeks to establish the effectiveness of a biosensor 
using visible and near- infrared light (ivWatch), in compar-
ison to standard care (clinical observation), in reducing 
PIVC- associated extravasation injury severity, in the PICU. 
Therefore, the key objectives of the study are to:
1. Assess the effectiveness of ivWatch, in comparison to

standard care, to reduce PIVC- associated extravasation
injury severity, in the PICU.

2. Examine the effectiveness of ivWatch, in comparison to
standard care, in terms of extravasation volume, qual-
ity of life impacts, healthcare costs and their sequelae
of extravasation injuries occurring during admission to
the PICU.

Hypotheses
H0: in children admitted to PICU, PIVCs monitored by 
ivWatch and standard care in comparison to standard 
care alone (clinical observation) will not have significantly 
different PIVC- associated extravasation injury severity.

H1: in children admitted to PICU, PIVCs monitored by 
ivWatch in comparison to standard care will have different 
PIVC- associated extravasation injury severity.

METHODS AND ANALYSIS
This single- centre, open label randomised controlled 
superiority trial with two parallel arms is comparing 
the clinical effectiveness and cost effectiveness of two 
approaches for extravasation monitoring:
1. Standard care: clinical observation.
2. ivWatch: clinical observation plus the ivWatch monitor,

applied within 10–15 mm of the PIVC cannula tip.
The randomised controlled trial is reported in accord-

ance with the Standard Protocol Items: Recommenda-
tions for Interventional Trials 2013 statement for clinical 
trial protocols.17

Study setting and sample
The trial began recruitment on 7 September 2020 and 
is expected to accrue participants until April 2022. The 

Figure 3 Scar appearance in the same patient 20 months 
post injury, at conclusion of active scar management therapy.

Figure 4 Tissue oedema and blanching from antecubital 
fossa extravasation of maintenance iv fluid in a 6- month- old 
infant.
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trial is based at the Queensland Children’s Hospital, a 
tertiary paediatric hospital located in Brisbane, Australia. 
The PICU has 36 beds, admitting approximately 2000 
critically ill children (neonates to 17 years old) annually 
across medical, surgical and cardiovascular diagnoses. 
Patients who meet all inclusion and no exclusion criteria 
(see table 1) are eligible to participate in the study once.

Outcome measures and definitions
Primary outcome
The primary outcome is extravasation severity, measured 
using the 4- point Cincinnati Children’s Hospital Medical 
Centre Extravasation Harm Scale categorised as no, 
mild, moderate or severe harm.18 This Scale combines an 
assessment of both physical (ie, discolouration, swelling, 
redness, blisters, function and arterial compromise), infu-
sate (pH, osmolality, biological activity and volume) and 
treatment (scarring and surgical management) charac-
teristics (as described in table 2).

Secondary outcomes
Secondary outcomes include extravasation volume and 
treatment sequelae, the number of PIVCs used per 
patient, PIVC dwell time, patient quality of life and associ-
ated healthcare costs.

Sample size and study power
Sample size calculations are based on the three- level 
outcome variable of extravasation severity (no, mild and 
moderate–severe).18 Local and international data report 
approximately 40% of PIVCs with intermediate- risk to 
high- risk infusates result in extravasation injuries in paedi-
atrics under conditions similar to our ‘standard care’ 
scenario.2 3 5 In the control arm, we expect that 70% of 
patients will have severity ‘0’ (no), 25% will have severity 
‘1’ (mild) and 5% will have severity >1 (moderate–severe). 
We expect in the ivWatch arm the equivalent probabil-
ities will be 88%, 10.4% and 1.6%. This is equivalent to 

Figure 5 The ivWatch Model 400 Patient Monitoring System (ivWatch LLC; Newport News, Virginia, USA) (image used with 
permission from the manufacturer).

Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

► PIVC (including a long PIVC) inserted in the distal half of the
limb (ie, up to popliteal or antecubital fossae)

► PIVC is anticipated to be in situ for >24 hours
► Patient anticipated to be admitted to PICU for >24 hours
► Planned administration of ≥1 intermediate- risk to high- risk

infusates,8 antibiotics26 or continuous fluids, via the PIVC
study

► Informed consent from primary caregivers/legal guardians

► Other vascular access devices (including midline
catheters and central venous catheters)

► Previous enrolment in the study
► Current ‘do not resuscitate’ order or receiving palliative

care
► Under the protection of the Child and Family Services
► Primary caregivers/legal guardians do not speak English

without the aid of an interpreter

PICU, paediatric intensive care unit; PIVC, peripheral intravenous catheter.
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specifying a proportional OR of 0.32. With α=0.05 and 
power=90%, we are required to record outcome data on 
96 participants in each group to detect a between- group 
difference of this size or greater.19 The proposed decrease 
in severity is conservative compared with the 78% relative 
decrease observed in previous cohort studies.15 20

Recruitment, randomisation, allocation concealment and 
masking
Clinical research nurses (ReNs) based in the PICU 
are screening patients for inclusion in the study, and 
approaching and gaining informed consent from 
patients or parents after consultation with the PICU 
team. ReNs are also randomising patients, educating clin-
ical staff, monitoring protocol compliance and collecting 
7- day and 28- day post- trial outcome data. Each patient is
randomised using a central web- based service (Griffith
University) in a 1:1 ratio. Block sizes are either 8 or 10
(size randomly selected).

Masking clinical staff and patients and their parents to 
treatment allocation is not possible, as PIVCs accompa-
nied by the ivWatch device are visibly different to those 
without. However, assessment and treatment of an extrav-
asation injury are measured using objective, validated 
measures and routinely assigned to clinical staff who are 
not study investigators, facilitating partial masking for 
primary and secondary outcomes. In particular, assess-
ment and treatment of the injury is occurring following 
referral of the patient, allowing for the removal of the 
ivWatch device (where used) in order to ensure masking. 
The biostatistician will be masked to allocation when 
provided with the final dataset.

Insertion and management of PIVC
If allocated, the ivWatch sensor is being applied adjacent 
to the catheter tip site, in accordance with manufacturer’s 
instruction manual. All other aspects of PIVC insertion, 
management and removal are standardised in accordance 
with Queensland Health clinical practice guidelines.21 
Insertion, maintenance and removal are performed by 
the usual PICU interdisciplinary staff. There are no new 
requirements regarding this that are particular to this 
study, as our intention is a pragmatic trial. Where patients 
are randomised to the ivWatch arm of the trial, a corner 
of the PIVC dressing may be lifted to place the sensor 
appropriately on the skin.

Data collection
Quantitative data are being collected by the clinical ReNs 
from the electronic medical record, and entered into a 
dedicated secure, online database (Research Electronic 
Data Capture (REDCap)).22 Once enrolled in the study, 
participants are followed up daily by ReNs until the PIVC 
is removed or the patient is discharged from PICU, and 
again at 7 days and 28 days. A timeline of the study partici-
pation is summarised in table 3. Patients discharged from 
the hospital service are having follow- up data collected by 
phone, a method for which we have previously demon-
strated reliability.23 The study manager is undertaking 
quality checks and monitoring of 100% source data verifi-
cation for: all data for the first patient, all consent forms, 
all primary endpoints, as well as a random 5% of other 
data for all patients.

At enrolment: ReNs collect consent forms, and demo-
graphic and clinical data, to enable a description of the 

Table 2 Outcomes and measurement instruments

Outcome(s) Measurement tool(s)

Primary

 Extravasation severity ► Cincinnati Children’s Extravasation Harm7: 4- point scale (0–3, increasing severity)

Secondary

 Extravasation volume ► Surface area to limb length ratio7

► 3D and 2D camera imaging

 Extravasation treatment sequelae8 27  ► Count of number and type of dressings
► Skin grafting and/or scar management required
► Duration of treatment, including active scar management (censored at 6 months)

 PIVCs used and dwell time ► Count of number of PIVCs used per patient
► Dwell time of each (in hours)

 Quality of life ► Brisbane Burns Scar Impact Profile at 1 month, 3 months and 6 months28

 Healthcare costs Costs associated with:
► ivWatch
► Additional PIVCs
► Extravasation and sequelae
► Hospital length of stay

 Acceptability29–32 ► Qualitative and quantitative interviews with parent and clinician surrounding
acceptability with study intervention and control

2D, two- dimensional; 3D, three- dimensional; PICU, paediatric intensive care unit; PIVC, peripheral intravenous catheter.
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study participants (eg, age, primary diagnosis and length 
of stay) and device characteristics (eg, insertion location 
and gauge).

Daily: ReNs perform checks on enrolled patients to 
assess for primary and secondary outcomes; current use; 
and any clinical, PIVC or treatment factors that have 
changed since recruitment. On signs of extravasation, 
they refer any extravasation presentations to the paedi-
atric burns inpatient medical and nursing teams.

Within 7 days and up to 28 days following PIVC removal 
or discharge from PICU: ReNs contact participants to 
collect clinical data related to treatment sequelae and 
health- related quality of life data. In addition, ReNs are 
conducting semi- structured interviews with patients and/
or parents, and clinicians to collect qualitative and quan-
titative data on acceptability of the ivWatch device (see 
table 4).

Extravasation data collection: after referral to the 
paediatric burns inpatient medical and nursing teams, 
allocation masked data collection surrounded the nature 
and severity of the extravasation injury, and treatment 

and outcomes are collected and entered into the same 
REDCap database.

Data analysis
Patient characteristics will be summarised descriptively. 
Continuous data will be summarised as mean (SD) or 
median (25th–75th percentile) as appropriate. The 
primary outcome of extravasation severity will be inves-
tigated using ordinal logistic regression with treatment 
group included as the main effect. Secondary outcomes 
measured on an interval scale will be assessed using linear 
regression models, while binary outcomes will be assessed 
using logistic regression models and count outcomes will 
be assessed using Poisson regression models. In all regres-
sion models, treatment group will be included as the 
main effect, and the baseline value of the outcome will be 
included as a covariable if appropriate. Effect estimates 
will be reported with 95% CIs. Analyses will be conducted 
on an intention- to- treat basis. The cause of any missing 
data will be assessed, and sensitivity analyses to investigate 
their potential impact will be undertaken using multiple 

Table 3 Schedule of enrolment, interventions and assessments

Study period

Enrolment Allocation Post- allocation Close- out

Timepoint −t1 t0 t1 t2 t3 t4

Enrolment

 Eligibility screen ✓

 Informed consent ✓

 Allocation ✓

Interventions

 Control arm ✓ ✓ ✓ ✓

 Intervention arm ✓ ✓ ✓ ✓

Baseline variables

 Demographic characteristics ✓ ✓

 Clinical/treatment characteristics ✓ ✓

 Device characteristics ✓ ✓

Outcome variables

 Extravasation severity ✓ ✓ ✓

 Extravasation volume ✓ ✓ ✓

 Extravasation treatment sequelae ✓ ✓ ✓

 PIVCs used ✓ ✓ ✓

 PIVC dwell time ✓ ✓ ✓

 Quality of life ✓ ✓

 Healthcare costs ✓

 Participant and clinician interviews ✓

Control arm: standard care; intervention arm: standard care +ivWatch; −t1: admitted to PICU requiring a PIVC; t0: enrolled in the study and 
randomised to either the intervention or control arm of the study; t1: daily checks of PIVC while inserted and patient admitted to PICU; t2: 7- 
day follow- up following PIVC removal or discharge from PICU; t3: 28- day follow- up following PIVC removal or discharge from PICU; and t4: 
end of the study.
PICU, paediatric intensive care unit; PIVC, peripheral intravenous catheter.
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imputation techniques if appropriate. A per- protocol 
analysis will assess the effect of protocol violations (ie, 
ivWatch not applied). Statistical tests will be considered 
significant at the 95% level (p<0.05, two- tailed).

For the economic assessment, the primary outcome 
is the incremental net monetary benefit of ivWatch 
compared with usual care and a secondary outcome 
of cost per reduction in extravasation injury severity. 
Primary analysis will be from the perspective of the 
healthcare sector. Healthcare costs will be derived as the 
sum product of healthcare resources and their respective 
price, including labour time, consumables, medication 
and length of stay. In addition, the total cost per ivWatch, 
including associated training, maintenance and other 
costs, will be reported. Estimates of the cost of healthcare 
utilisation associated with treatment of injury sequelae 
will be based on resource measurement collected within 
the trial. Subsequent reconstructive operations, such 
as skin grafting and/or scar revisional surgery, will be 
costed based on current treatment protocols and existing 
hospital cost estimates. Estimates of the 95% credible 
interval using non- parametric bootstrapping will be 
presented to characterise uncertainty in the economic 
outcomes.

Qualitative interviews will be thematically analysed 
using standard techniques.24

Patient and public involvement
Feedback regarding the acceptability of the ivWatch 
device is being sought from patients and their families, 
and clinicians in qualitative interviews (table 4). These 
will be thematically analysed and published in a peer- 
reviewed journal alongside the quantitative trial data. 
The final results of the study will be distributed to study 

participants, via a plain language summary and accom-
panying peer- reviewed articles, to their provided email 
address.

Ethics and dissemination
This trial is registered with the Australian and New Zealand 
Clinical Trial Registry. Ethical approval for the trial has 
been obtained from Children’s Health Queensland 
Hospital and Health Service Human Research Ethics 
Committee (HREC) (reference number: HREC/20/
QCHQ/60867) and Griffith University HREC (reference 
number: 2020/310). This study is being performed in 
accordance with the ethical principles of the Declaration 
of Helsinki’s Note for Guidance on Good Clinical Prac-
tice (CPMP/ICH- 135/95) and with Australian Govern-
ment NHMRC National Statement on Ethical Conduct in 
Research Involving Humans.25

A data safety management board (DSMB) has been 
established to review the safety of ivWatch and to monitor 
the progress of the trial. The DSMB is compromised of 
three committee members; appointed by the research 
team and based on their clinical experience with PIVCs 
and extravasation injuries. The DSMB includes a stat-
istician. The DSMB will convene an interim meeting 
3 months after the trial commences, or at the recruit-
ment of 100 patients (whichever occurs first). Committee 
members will be unmasked to key interim trial results, in 
particular severe extravasation injuries and PIVC replace-
ments, per group.

No new adverse events are expected as the ivWatch 
technology is a surface, rather than an implanted, device 
and no adverse events have been previously noted in rela-
tion to its use.15 20 Any serious adverse events and protocol 
modifications will be reported to the HRECs. If important 
protocol modifications are required (eg, changes to eligi-
bility criteria, outcomes or analyses), CAM will update all 
investigators, HRECs, information and consent forms, 
the trial registry and BMJ Open. Clinical trial insurance is 
held by the university. Prospective written and informed 
consent will be sought from the patient (where appro-
priate) or the patient’s parent or guardian by the ReN 
prior to enrolment in the study. Consent can be with-
drawn. Withdrawal data will be collected and included in 
the Consolidated Standards of Reporting Trials diagram. 
Participants will not be identified by name, and confiden-
tiality of all medical record information will be preserved. 
All participants details will be entered in coded format 
and the confidentiality of the participant will be main-
tained unless disclosure is required by law.

The trial will be written by the investigators and will be 
submitted to a peer- reviewed medical journal, preferably 
under an open access format to permit free access to the 
published study. De- identified raw data will be stored 
within a data repository held at Griffith University.

Table 4 Qualitative interview questions

Clinicians Families/caregivers

► What was your
experience with ivWatch?

► How did you find ivWatch?

► Did the presence of
ivWatch influence your
ability to assess the
PIVC, insertion site or
surrounding area?

► Have you ever had an
experience with an
extravasation injury with a
PIVC?

► Do you have any
comments on the ivWatch
monitoring equipment?

► Was the presence of
ivWatch acceptable to
you? (NRS: 1–10)

► Do you have any further
comments regarding
ivWatch?

► Was the presence of
ivWatch acceptable to
you? (NRS: 1–10)

NRS, Numerical Rating Scale; PIVC, peripheral intravenous 
catheter.



8 McBride CA, et al. BMJ Open 2022;12:e047765. doi:10.1136/bmjopen-2020-047765

Open access 

Trial status
The trial commenced on the 7 September 2020. A total 
of 39 patients had been recruited at time of manuscript 
submission, with a planned 19- month recruitment period.

Data statement
As the trial is ongoing, data generated and/or analysed 
are not yet publicly available. On completion of the trial, 
data sets will be available from the chief investigator 
(CAM) on reasonable request and following review of 
such a request by the original ethics committees.

DISCUSSION
Extravasation injuries are a common and preventable 
injury. Failure to detect extravasation early leads to 
multiple adverse events, including significant scarring. 
Innovations in visible and near- infrared technologies, 
such as ivWatch, may led to earlier detection of poten-
tially harmful events and consequently reduce prevent-
able harm to patients and reduce clinician burden.
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