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Background: Vascular access devices are widely used in healthcare settings worldwide. The insertion of a
vascular access device creates awound, vulnerable to irritation, injury and infection. Vascular access-associated
skin complications are frequently reported in the literature, however very little evidence is available regarding
the incidence and risk factors of these conditions to inform practice and technology development.
Objectives: To estimate the incidence of vascular access-associated skin complications, and to identify
patient, catheter and healthcare-related characteristics associated with skin complication development.
Design: Secondary data analysis from 13 multi-centre randomised controlled trials and observational studies
evaluating technologies and performance of vascular access devices in clinical settings between 2008 and 2017.
Settings: Six hospitals (metropolitan and regional) in Queensland, Australia.
Participants: The 13 studies involved paediatric and adult participants, across oncology, emergency, intensive
care, and general hospital settings. A total of 7669 participants with 10,859 devices were included, involving
peripheral venous (n = 9933), peripheral arterial (n = 341), and central venous access (n = 585) devices.
Analysis: Standardised study data were extracted into a single database. Clinical and demographic data
were descriptively reported. Cox proportional hazards regression models (stratiﬁed by peripheral vs
central) were used for time-to-event, per-device analyses to examine risk factors. Univariate associations
were undertaken due to complexities with missing data in both outcomes and covariates, with p < 0.01 to
reduce the effect of multiple comparisons.
Results: Over 12% of devices were associated with skin complication, at 46.2 per 1000 catheter days for
peripheral venous and arterial devices (95% conﬁdence interval, CI 42.1–50.7), and 22.5 per 1000 catheter
days for central devices (95% CI 16.5–306). The most common skin complications were bruising (peripheral
n = 134, 3.7%; central n = 33, 6.8%), and swelling due to inﬁltration for peripheral devices (n = 296; 2.9%), and
dermatitis for central devices (n = 13; 2.2%). The signiﬁcant risk factors for these complications were
predominantly related to device (e.g., skin tears associated with peripheral arterial catheters [hazard ratio,
HR 16.0], radial insertion [HR 18.0] basilic insertion [HR 26.0])) and patient characteristics (e.g., poor skin
integrity associated with increased risk of peripheral device bruising [HR 4.12], inﬁltration [HR 1.98], and
skin tear [HR 48.4]), rather than management approaches.
Conclusions: Signiﬁcant skin complications can develop during the life of peripheral and central vascular
access devices, and these are associated with several modiﬁable and non-modiﬁable risk factors. Further
research is needed to evaluate effectiveness technologies to prevent and treat skin complications
associated with vascular access devices.
© 2018 Elsevier Ltd. All rights reserved.
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What is already known about this topic?
The skin surrounding vascular access devices is exposed to
irritation and trauma, associated with device management,
resulting in complications such as bruising and dermatitis.
The incidence of these complications, and the risks associated
with their development, have not previously been clearly
estimated.
What this paper adds
Signiﬁcant skin complications frequently develop around
peripheral and central vascular access devices, with bruising,
inﬁltration and dermatitis the most common.
Risk factors were mostly associated with device (e.g., peripheral
device placement) and patient (e.g., increasing age, co-morbidities) characteristics, rather than management (e.g., dressings).
1. Background
Worldwide, vascular access devices play a vital function within
healthcare. Almost all patients admitted to hospital require some
form of vascular access to facilitate the administration of short and
long-term treatments (Ullman et al., 2015c). However patients
relying on vascular access can be complex, and are often at
extremes of age, or have chronic health conditions such as cancer
or renal failure (Broadhurst et al., 2017; Thayer, 2012).
Clinicians are focussed on the prevention of harm associated
with vascular access devices. The prevention of local and systemic
infections associated with these devices are of high priority, and
strategies such as skin decontamination using solvents and
detergents (e.g., chlorhexidine gluconate) are used to prevent
extra-luminal colonisation by bacteria (e.g., Staphylococcus aureus)
(Mimoz et al., 2015). Dressing and securement technologies, such
as sutures, medical adhesives and manufactured devices, are
applied to prevent vascular access dislodgement and skin
contamination (Marsh et al., 2015b; Ullman et al., 2015a,b). While
these strategies reduce systemic infections and promote device
performance, they also expose the vascular access site to repeated
potential irritation and trauma.
Skin complications associated with vascular access devices are
distressing, disﬁguring to the skin (i.e., scarring) and frequently
result in device failure (Broadhurst et al., 2017). These complications
involve a range of conditions including bruising, venous inﬁltration
and extravasation, local site infections, pressure injuries, moistureassociated skin damage (e.g., maceration), contact dermatitis, and
mechanical skin injuries, such as skin tears and blisters (Broadhurst
et al., 2017; McNichol et al., 2013; Thayer, 2012). Signs and symptoms
include itch, erythema, and pain, (McNichol et al., 2013; Thayer,
2012). While these conditions and symptoms are signiﬁcant, and
frequently reported in the literature (Kutzscher, 2012; LeBlanc and
Baranoski, 2011; McNichol et al., 2013; Thayer, 2012; Ullman et al.,
2015b; Wall et al., 2014), robust, systematic evidence concerning
vascular access-associated skin complication incidence and modiﬁable risk factors, are sparse.
Single site, observational studies in mixed settings (Farris et al.,
2015; Konya et al., 2010) have reported overall medical adhesiverelated skin injury prevalence (across all types of exposure to
medical adhesive) of 3–25%, with the highest risk in elderly
patients (Farris et al., 2015), and those with vascular access devices
(Konya et al., 2010). A recent Australian point prevalence study
(Ullman et al., 2017b) demonstrated 10% of paediatric central
vascular access devices were associated with a skin complication,
such as dermatitis and/or bruising. A Cochrane Systematic review
(Ullman et al., 2016a; Ullman et al., 2015b) examining the effects of
central vascular access device dressing and securement reported
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only 5 of the 22 trials (n = 1159) collected skin irritation and
damage, and within these there was no clear evidence of
differences in skin complications for a variety of dressing and
securement devices.
Vascular access-associated skin complications are a signiﬁcant
and potentially avoidable burden on the healthcare system.
However, greater evidence describing the associated risk factors
is required in order to guide best practice policies, and focus
expensive interventions appropriately. Risk factors associated with
other types of vascular access complications have focussed on the
examination of patient- (e.g., age, co-morbidities, nutrition status,
pre-existing skin conditions), device- (e.g., device type, insertion
location) and healthcare- (e.g., dressing and securement products,
antisepsis, inserter clinicians) related characteristics (Chopra et al.,
2012). A similar approach is evident in studies examining other
forms of skin complications, including incontinence-associated
dermatitis (Kottner et al., 2014) and pressure injuries (Webster
et al., 2015). Thereby, this study aimed to estimate the incidence of
vascular access-associated skin complications, and to identify
patient-, device- and healthcare-related characteristics that are
associated with an increased or decreased risk for vascular accessassociated skin complications. The identiﬁcation of risk factors can
then be used to support the development of innovative interventions for appropriate patient groups, to prevent and treat these
complications and ensure the efﬁcient use of health resources.
2. Method
2.1. Design
A secondary data analysis of 13 multi-centre randomised
controlled trials and observational studies evaluating technologies
and performance of vascular access devices undertaken in clinical
settings between 2008 and 2017. Together these studies involved
10,859 devices inserted in 7669 participants. This combined data
set was analysed to examine the effect of pre-speciﬁed potential
patient-, device- and healthcare-related risk factors on the
development of vascular access associated skin complications
and associated symptoms.
2.2. Types of studies
Data were extracted from 12 randomised controlled trials
(Bugden et al., 2016; Chan et al., 2017; Edwards et al., 2014; Kleidon
et al., 2017; Marsh et al., 2018a Marsh et al., 2015a; Reynolds et al.,
2015; Rickard et al., 2016,2015; Rickard et al., 2012; Ullman et al.,
2017a, Webster et al., 2017) and one prospective cohort study
(Marsh et al., 2018b) completed by the Alliance for Vascular Access
Teaching and Research group, and combined into a single database
for analysis. The individual studies examined the efﬁcacy of
vascular access dressing and securement products (Bugden et al.,
2016; Chan et al., 2017; Edwards et al., 2014; Kleidon et al., 2017;
Marsh et al., 2018a; Marsh et al., 2015a; Reynolds et al., 2015;
Rickard et al., 2016, 2015; Ullman et al., 2017a; Webster et al.,
2017), evaluated the effectiveness of routine peripheral vascular
access device replacement (Rickard et al., 2012), and observed
vascular access-associated management and outcomes (Marsh
et al., 2018b). Each study included prospectively collected data,
including standardised terms surrounding patient-, device- and
healthcare- characteristics of study participants, and skin complications. Data were collected on peripheral arterial, peripheral
venous and central venous access devices across six hospitals in
Queensland, Australia between 2008 and 2017. All six hospitals
involved in the trials were large metropolitan or regional hospitals,
with one specialising in paediatrics, managing a combined total of
480,000 admissions per year.
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Ethical approval for each trial was obtained from the
appropriate health service and Grifﬁth University human research
ethics committee, including an approval to reanalyse data in future
research. Additional approval was received to undertake this
secondary analysis via Grifﬁth University human research ethics
committee (GU Ref No. 2017/538).

1988)), underlying co-morbidities (e.g. renal impairment, diabetes,
circulatory disorders), nutrition status (described by Body Mass
Index [BMI]), dressing products, securement products, insertion
site and dwell time. Data were not available on site decontamination procedures. The included variables were each collected using
standardised deﬁnitions, as part of the original trials.

2.3. Types of participants

2.7. Data analysis

The original studies included paediatric and adult participants,
across oncology, emergency, intensive care, and general hospital
settings. No studies included outpatients. While inclusion and
exclusion criteria varied between studies, all dressing and
securement randomised controlled trials speciﬁcally excluded
patients with pre-existing skin complications surrounding the
vascular access site, and known allergies/sensitivities to any of the
study products (i.e., polyurethane dressings, tissue adhesive,
sutureless securement devices). All participants and/or legal
guardians provided written, informed consent prior to participation in the original trials.

Trained research nurses were employed on each project and
were responsible for data collection, de-identiﬁcation, and entry
into standardised and secure databases. Study data was extensively
cleaned during original data analysis. The Research Nurse for the
current project, then checked and combined these data into a
single database for secondary analysis.

The 13 individual study databases were exported and
combined into a single database for secondary analysis, with
additional data cleaning undertaken. The demographic and
clinical characteristics were descriptively reported, using categorical and continuous descriptors appropriate to their distribution. The primary outcomes were time-dependent (incidence
rates, survival data/hazard rates reported with 95% conﬁdence
intervals); thus, Cox proportional hazards regression models were
used for time-to-event analysis. Regression analyses were
stratiﬁed by device class (peripheral or central); per-device
analysis was performed as per-patient analysis is not appropriate
if device-related covariates vary within patients. Univariate
associations were undertaken, due to complexities with missing
data in both outcomes and covariates making multivariate
regressions unfeasible. The association between skin complication and dwell time were explored graphically through Kaplan
Meier estimates. Missing data were not imputed. Statistical
signiﬁcance was declared at p < 0.01 to reduce the effect of
multiple comparisons. The analysis was undertaken using Stata
(version 15; StataCorp, College Station, TX).

2.5. Outcome deﬁnitions

3. Results

In this secondary analysis, outcomes were pragmatically
divided into vascular access-associated skin complications and
individual abnormal skin signs or symptoms that were not
otherwise diagnosed as a speciﬁc complication. Vascular accessassociated skin complications were deﬁned as the presence of
bruising, inﬁltration (involving localised swelling), dermatitis
(as evidenced by a raised red rash, with or without vesicles,
which persisted for greater than 30 min (Broadhurst et al., 2017;
McNichol et al., 2013)), mechanical injuries such as skin tears
and blisters (McNichol et al., 2013; Thayer, 2012), and local
infections (purulent discharge, or redness extending 1 cm
beyond the site that prompted clinicians to order vascular
access device removal, or commence antimicrobial therapy
(Ullman et al., 2016b), surrounding the vascular access site.
Vascular access-associated individual abnormal skin signs or
symptoms included ﬂuid leakage, erythema, pain, and itch from
the vascular access site.
The individual types of vascular access-associated skin complications and symptoms were secondary outcomes of each
included study. Study data were only included in the analyses if
the deﬁnition of the complications and symptoms met the abovementioned criteria.

3.1. Participant, device and dressing characteristics

2.4. Data collection

2.6. Variables
Potential patient-related, catheter-related and healthcarerelated risk factors were developed a priori, after a systematic
review of the literature and consultation with interdisciplinary,
international key opinion leaders, ensuring the variables were also
consistently collected in the original trials. The characteristics
included age, primary diagnosis, systemic skin integrity overall
(good [healthy, well hydrated, elastic], fair [intact, mildly
dehydrated, reduced elasticity], or poor [papery, dehydrated, small
amount or no elasticity]), skin type (Fitzpatrick scale (Fitzpatrick,

Table 1 describes the baseline characteristics of participants
and devices included in the analyses. Participants’ median age was
59 years (IQR 42, 71), with only a small representation (<2%) being
less than 16 years of age. Comorbidities were common, (79%
reporting one or more), and the majority of patients had pale white
to white skin (75%). Data were collected on peripheral arterial
(n = 341; 3%), peripheral venous (n = 9933; 91%) and central venous
access (n = 585; 6%) devices. One quarter of devices (n = 2579; 25%)
were associated with a complication prompting device removal,
with a median dwell of 2.4 days for peripheral devices (IQR 1.5, 3.6)
and 4.8 days for central devices (IQR 2.6, 10.1).
As displayed in Table 2, the majority of vascular access sites
were dressed with either plain (n = 2699; 55%) or bordered
(n = 1802; 37%) polyurethane dressings, with no additional security
(n = 2488; 49%).
3.2. Frequency of vascular access-associated skin complications, and
signs and symptoms
Overall, 12.3% of peripheral devices (n = 482; IR 46.2 per 1000
catheter days [95% CI 42.1–50.7]) and 11.7% of central devices
(n = 40; IR 22.5 per 1000 catheter days [16.5–30.6]) were associated
with a skin complication after insertion (see Table 3). The most
common vascular access-associated skin complications were
bruising in peripheral (both venous and arterial) and central
devices (3.7%, 6.8% respectively), inﬁltration in peripheral devices
(n = 296; 2.9%) and dermatitis in central devices (n = 13; 2.2%).
There were infrequent reports of mechanical injuries or infections,
however both were more common in central devices than in
peripheral devices. Signs and symptoms of skin complications
were more evident, with peripheral device leakage (n = 2069; 25%),
peripheral and central device erythema (5.3%, 3.2% respectively)
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Table 1
Participant and device characteristics: (7669 participants and 10,859 devices).
Variable

Frequency
(%)

By participant
Age (years)a (n = 7662)
Infant (<12 months)
Paediatric (1–15 years)
Adult (16–69 years)
Elderly (70 years or
older)
Surgical
Diagnosis at insertion (n = 7662)
Medical
Oncology/haematology
Other
Skin integrity overall (n = 6864)
Good
Fair
Poor
Skin type (Fitzpatrick scale) (n = 4014) Pale white
White
Light brown
Moderate brown
Dark brown/black
Wound at baseline (n = 7192)
BMI category (n = 3396)
Normal/underweight
Overweight/obese
Comorbidities (n = 7293)
None
One
Two or more
By device
Catheter type (n = 10,859)

Insertion site (n = 10,847)

Dwell time (days)a (n = 10,488)

Peripheral venous
Peripheral arterial
Peripherally inserted
central catheter
Non-tunnelled CVAD
Tunnelled CVAD
Forearm
Hand
Antecubital
Cephalic
Foot
Wrist
Basilic
Radial
Internal jugular
Brachial
Subclavian
Other
Total
Peripheralb
Centralc

Any complication prompting device
removal (n = 10,487)

Table 2
Dressing and securement characteristics (n = 4965).
Frequency (%)
Sutured (n = 4965)
Dressing type (n = 4931)

59 (42–71)
12 (0)
126 (2)
5386 (70)
2138 (28)
5003 (65)
1963 (26)
225 (3)
471 (6)
3980 (58)
2206 (32)
678 (10)
347 (9)
2676 (67)
582 (14)
358 (9)
51 (1)
1528 (21)
1545 (45)
1851 (55)
1556 (21)
1685 (23)
4052 (56)

9933 (91)
341 (3)
317 (3)
220 (2)
48 (0)
4881 (45)
1514 (14)
1032 (10)
808 (8)
628 (6)
430 (4)
337 (3)
332 (3)
249 (2)
32 (0)
18 (0)
586 (5)
2.5 (1.5–
3.8)
2.4 (1.5–
3.6)
4.8 (2.6–
10.1)
2579 (25)

Frequencies and column percentages shown unless otherwise noted; a median and
inter-quartile range; bperipheral venous and arterial catheters; cperipherally
inserted central catheter, non-tunnelled and tunnelled CVAD; n = number of nonmissing values; BMI = body mass index; CVAD = central venous access device.

and peripheral device pain (n = 626; 6.3%) at the vascular access
site common.
The Kaplan-Meier estimates of skin complications over dwell
time are presented in Fig. 1. For the bruising and inﬁltration
associated with peripheral vascular access devices the rate of
failures was approximately constant in the ﬁrst 8 days of dwell
time. For central devices, the rate of bruising was approximately
constant in the ﬁrst 10 days of dwell time, while most other
abnormalities appeared only well into the dwell time: dermatitis
after 6 days, blister after 7 days, and tearing after 4 days (all
approximate).
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Securement device type
(n = 4965)

Dressing changes (n = 2895)

Plain polyurethane
Bordered polyurethane
Integrated securement
dressing
Fabric
Honeycomb
Sutureless securement device
Tissue adhesive
Elasticised bandage
Additional plain polyurethane
Bandage
Non sterile tape
Additional bordered
polyurethane
None
Zero
One
Two
Three
Four or more

146 (3)
2699 (55)
1802 (37)
236 (5)
134 (3)
60 (1)
1365 (27)
852 (17)
166 (3)
109 (2)
25 (1)
8 (0)
2 (0)
2438 (49)
2396 (83)
304 (10)
99 (3)
47 (2)
49 (2)

3.3. Risk factors for vascular access-associated skin complications and
symptoms in peripheral devices
The patient-, device- and healthcare-related risk factors
associated with the development of skin complications and
symptoms in peripheral devices are displayed in Table 4. Bruising
was signiﬁcantly associated with multiple patient and device
characteristics, including increasing age (HR 1.01), medical
diagnosis (HR 2.97), poor skin integrity (HR 4.12), wounds at
baseline (HR 3.71), peripheral device insertion in the cephalic (HR
4.11) and foot (HR 3.15) veins (in comparison to forearm).
Mechanical skin tears were signiﬁcantly associated with poor
skin integrity (HR 48.4), two or more comorbidities (HR > 100),
arterial devices (in comparison to venous; HR 16.0), and radial (HR
18.0) and basilic (HR 26.0) vessels (in comparison to forearm).
The only vascular access-associated skin complication or
symptom associated with a dressing and securement product,
was a signiﬁcant increase in itch for tissue adhesive as a
securement product (HR 6.92), in comparison to none.
3.4. Risk factors for vascular access-associated skin complications and
symptoms in central devices
The patient-, device- and healthcare-related risk factors
associated with the development of skin complications in central
vascular access devices are displayed in Table 5. Increasing age (HR
1.02) and wounds at baseline (HR 3.67) were associated with an
increased risk of bruising. Co-morbidities were associated with a
HR of >100, in development of dermatitis, while a medical
diagnosis (in comparison to surgical diagnosis) was associated
with a HR of >100, in development of a MARSI blister. The use of
tissue adhesive was associated with a HR of >100, in the
development of a MARSI skin tear. There were no signiﬁcant risk
factors identiﬁed with the development of skin signs and
symptoms in central vascular access devices.
4. Discussion
Using a large, high quality dataset, this secondary analysis has
demonstrated that patients reliant upon vascular access for
treatment, develop skin complications and, signs and symptoms
surrounding their vascular access site during their placement. This
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Table 3
Vascular access associated skin complications, and signs and symptoms by device.
Variable

Peripheral

Central

Total

freq. (%)

IR (95% CI)

freq. (%)

IR (95% CI)

freq. (%)

Skin complications
Any complication (n = 3928)
Bruise (n = 4072)
Inﬁltration (n = 9820)
Dermatitis (n = 4653)
Mechanical injury (tear) (n = 4598)
Mechanical injury (blister) (n = 4598)
Local infection (n = 4974)

442 (12.3)
134 (3.7)
296 (2.9)
19 (0.5)
12 (0.3)
6 (0.2)
9 (0.2)

46.2 (42.1–50.7)
14.0 (11.8–16.6)
11.0 (9.79–12.3)
1.85 (1.18–2.91)
1.17 (0.66–2.06)
0.59 (0.26–1.30)
0.88 (0.46–1.68)

40 (11.7)
33 (6.8)
1 (0.3)
13 (2.2)
10 (1.7)
8 (1.4)
2 (0.3)

22.5 (16.5–30.6)
10.2 (7.27–14.4)
0.56 (0.08–3.99)
3.03 (1.76–5.21)
2.33 (1.25–4.33)
1.86 (0.93–3.72)
0.47 (0.12–1.86)

482 (12.3)
167 (4.1)
297 (3.0)
32 (0.7)
22 (0.5)
14 (0.3)
11 (0.2)

Skin complication signs and symptoms
Any sign or symptom (n = 2554)
Leakage (n = 8723)
Erythema (n = 8446)
Pain (n = 10,246)
Itchiness (n = 3020)

356 (15.2)
2069 (24.8)
438 (5.3)
626 (6.3)
15 (0.6)

57.0 (51.4–63.3)
86.6 (83.0–90.4)
18.5 (16.9–20.3)
22.6 (20.9–24.5)
2.23 (1.40–3.85)

11 (5.0)
6 (1.5)
7 (3.2)
0 (0.0)
21 (3.6)

17.0 (9.40–30.6)
2.59 (1.16–5.76)
10.8 (5.15–22.7)
–
4.89 (3.19–7.50)

367 (14.4)
2075 (23.8)
445 (5.3)
626 (6.1)
36 (1.2)

Overall (n = 2128)

494 (25.9)

88.8 (81.3–97.0)

20 (9.1)

30.9 (19.9–47.8)

514 (24.2)

Column percentages calculated using the number of non-missing observations in the denominator; n = number of non-missing observations; IR = incidence rate per 1000
device-days; CI = conﬁdence interval; combined values shown as “Any” are not necessarily equal with the sum of frequencies of the components due to missing data;
freq. = frequency.

represents the ﬁrst systematic description of a signiﬁcant healthcare-related injury, which is causing preventable harm to patient’s
worldwide. Overall, skin complications developed in 12.3% of
peripheral devices and 11.7% of central devices, with further signs
and symptoms of skin complications also occurring. Skin
complications surrounding the vascular access site included
bruising, inﬁltration, dermatitis and mechanical injuries, which
were not evident prior to the device insertion. While individual
skin complications may, at ﬁrst, appear low, with over two billion
vascular access devices inserted annually (Rickard and RayBarruel, 2017), their occurrence is a signiﬁcant burden on health
systems. These are under appreciated healthcare-associated
complications, resulting in patient discomfort that may be
preventable in many situations.
Bruising was the most common skin complication surrounding
vascular access device sites, evident in 3.7% of peripheral devices
(n = 134), and 6.8% of central devices (n = 33), and occurred at a
mostly constant rate throughout dwell time. While many of the
risk factors associated with the development of bruising were not
modiﬁable (e.g., increasing age, medical diagnosis, poor skin
integrity), insertion and management strategies are available to
minimise the development of bruising. Our data demonstrates that
peripheral device insertion in the cephalic (HR 4.11) and foot (HR

3.15) veins were associated with signiﬁcant increased risk of
bruising. While these veins are often reserved as a ‘last resort’, after
insertion failure in other places, clinicians should take into
consideration the risk of bruising surrounding these vessels, and
minimise their use, wherever possible. Ultrasound guidance has
been demonstrated to improve insertion success in both peripheral
(Doniger et al., 2009; Egan et al., 2013) and central vascular access
devices (Froehlich et al., 2009; Lau and Chamberlain, 2016).
Haemostatic agents at the vascular access insertion site may also
be useful to reduce post-insertion bruising (Kleidon et al., 2017),
especially for patients with treatment-induced coagulopathies.
Post-insertion bruising may also be a result of poor vascular access
device security, resulting in localised movement (Ullman et al.,
2015a). As part of contemporary, evidence-based practice clinicians should work to apply strategies to promote post-insertion
haemostasis, and device security in high risk patient groups, to
prevent bruising development.
There is growing evidence on the effectiveness of tissue
adhesive, or medical-grade superglue, to secure, prevent infection,
and promote function of vascular access devices (Bugden et al.,
2016; Chan et al., 2017; Edwards et al., 2014; Kleidon et al., 2017;
Marsh et al., 2015a; Reynolds et al., 2015; Rickard et al., 2016;
Ullman et al., 2017a). Our data demonstrates that tissue adhesive is

Fig. 1. Kaplan Meier estimates of skin complications development over dwell time: aPeripheral (venous and arterial) bCentral.
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Table 4
Unadjusted Hazard Ratios: Peripheral venous and arterial catheters.
Skin complications
Bruising
Age (years)
Diagnosis (ref. surgical)
Medical
Not medical/oncology/
surgical
Skin integrity (ref. good)
Fair
Poor
Wound at baseline
Comorbidities (ref. none)
One
Two or more

Inﬁltration

Signs and symptoms
Dermatitis

Mechanical
(tear)

1.01 (1.00,1.02)

2.97
(2.09,4.22)
12.4
(5.90,26.0)

4.12
(2.66,6.39)
3.71
(2.63,5.22)

Foot

0.75
(0.63,0.90)
0.58
(0.41,0.82)
1.53 (1.27,1.84)

48.4 (5.94,>100)
3.58
(1.44,8.91)

>100 (>100,
>100)
16.0 (3.30,77.4)

4.38
(3.23,5.95)
5.31
(3.80,7.41)

4.15
(1.93,8.91)
3.32
(2.25,4.90)

0.13
(0.04,0.40)
1.78 (1.60,1.97)

18.0 (3.27,98.6)

6.17
(3.87,9.83)

0.99
(0.98,0.99)

0.76
(0.69,0.84)
0.69
(0.58,0.82)
0.17 (0.13,0.21)

Radial

Other

0.99
(0.99,1.00)

1.61
(1.26,2.06)
1.98
(1.39,2.84)
5.62
(4.47,7.06)

Wrist

Basilic

0.99
(0.99,1.00)

Itch

1.33 (1.12,1.59) 7.70 (2.4224.6)

0.41
(0.22,0.77)
4.11
(2.58,6.54)
3.15
(1.73,5.72)

Pain

0.69
(0.62,0.77)

Arterial catheter (ref. venous)

Antecubital
Cephalic

Erythema

1.95
4.22
(1.53,2.48)
(1.70,10.5)
6.13 (3.23,11.6)

3.40
(1.62,7.14)
3.74
(1.89,7.41)

Insertion site (ref. forearm)
Hand

Leakage

12.4
(2.74,55.9)

26.0 (5.04,>100)

1.57 (1.37,1.79)
0.11 (0.07,0.18) 0.38
(0.22,0.65)
0.04
0.09
(0.02,0.11)
(0.02,0.37)
0.65
(0.51,0.84)
0.13
(0.04,0.40)
0.11
(0.03,0.43)
0.27
0.17
(0.19,0.39)
(0.06,0.46)

Securement (ref. none)
Tissue adhesive

4.50 (1.47,13.8)
1.91
(1.42,2.57)

1.80
(1.34,2.43)
6.92
(2.08,23.0)

Unadjusted (univariable, or crude) statistically signiﬁcant (p < 0.01) Hazard Ratios (and 95% conﬁdence intervals) shown; blank = non-signiﬁcant at p  0.01; complications
and abnormalities with no statistically signiﬁcant associations are not shown.

associated with increased risk of itch (peripheral devices; HR 6.92)
and mechanical skin tears (central devices; HR > 100). Clinicians
should take these risks into consideration when applying this new
technology within complex health situations involving patients
with pre-existing skin impairments, or those who are at increased
risk of developing it due to clinical- and device-related characteristics (e.g., comorbidities).

While dermatitis and mechanical skin injuries were less
common, their development was signiﬁcantly associated with
several clinical risk factors, including comorbidities, medical
diagnosis and wounds at baseline, and appeared to develop later
in the central device dwell time. Over recent years, these
conditions have been the focus of several clinical practice
guidelines and algorithms (Broadhurst et al., 2017; LeBlanc and

Table 5
Unadjusted Hazard Ratios: Central venous access devices.
Bruising
Age (years)
Diagnosis (ref. surgical)
Medical
Wound at baseline
Comorbidities (ref. none)
One
Two or more
Securement (ref. none)
Sutureless securement device
Tissue adhesive

Dermatitis

Mechanical (tear)

Mechanical (blister)

1.02 (1.01, 1.04)
>100 (>100, >100)
3.67 (1.77, 7.63)
>100 (>100, >100)
$
0.28 (0.11, 0.68)
>100 (>100, >100)

Unadjusted (univariable, or crude) statistically signiﬁcant (p < 0.01) Hazard Ratios (and 95% conﬁdence intervals) shown; blank = non-signiﬁcant at p  0.01; CVAD = Central
venous access device; complications and abnormalities with no statistically signiﬁcant associations are not shown; $ = cannot be calculated.

12

A.J. Ullman et al. / International Journal of Nursing Studies 91 (2019) 6–13

Baranoski, 2011; McNichol et al., 2013). Preventative strategies
include the application of skin barrier ﬁlms, adhesive removal
agents, silicone and other high-technology dressings, and high
quality dressing change procedure practices. The application of
dressings onto skin still wet from decontaminants, is considered
to be a major, preventable cause of dermatitis (Thayer, 2012). A
recent clinical trial in intensive care settings demonstrated
increased risk of skin reactions with the use of chlorhexidine in
alcohol (3%), in comparison to povidone iodine in alcohol (1%)
(Mimoz et al., 2015), but also demonstrated the superiority of
chlorhexidine in alcohol to prevent catheter-related infections
(HR 0.15; 95% CI 0.05–0.41; p < 0.001). Further evidence is
urgently needed to inform practice in this area, as many
dermatitis and mechanical skin injury prevention and treatment
recommendations are based upon low quality evidence, with
contradicting indications between infection prevention and skin
health promotion (Broadhurst et al., 2017; LeBlanc and
Baranoski, 2011; McNichol et al., 2013).
The identiﬁcation of these sometimes complex skin conditions
is difﬁcult. Researchers and clinicians advocate for systematic skin
assessments as part of routine clinical practice (Broadhurst et al.,
2017; Thayer, 2012). However, differentiating between skin
complications is challenging for clinicians with limited wounds
expertise (e.g., irritant contact dermatitis versus allergic contact
dermatitis). Many patients are quickly labelled as ‘allergic’ to
adhesives and dressings, who may have instead had a local trauma
or irritant dermatitis (Broadhurst et al., 2017). This mislabelling
leads to signiﬁcant difﬁculty with future dressing choices. As
demonstrated within these data, as the populations requiring
vascular access devices continue to become more complex and
elderly, these clinical conditions are likely to become more
prevalent. Comprehensive resources are essential to guide
clinicians to identify and treat skin complications, around these
common vascular access devices.
While based upon a large, prospectively collected dataset, this
study has several limitations. The individual studies involved were
not focussed on skin complications, and some data were not
collected throughout all trials, therefore there is missing data in
multiple variables and outcomes. Due to these missing data, a
multivariate analysis could not be completed, so the confounding
or interaction between co-variables could not be assessed, and
some of the reported signiﬁcant risk factors may not be accurate.
However all missing data have been reported throughout, and the
signiﬁcance reduced to <0.01, to reduce the effect of multiple
comparisons. The data are up to 10 years old and based out of
Australian hospitals only, so it may not be reﬂective of current
contemporary practice outside of Australia. Finally, the research
nurses involved in each study were trained regarding skin
assessments, however were not wound experts. Nevertheless this
study provides a systematic description of a previously underreported phenomenon, and is useful to inform future research and
practice innovation.

Conﬂicts of interest
Grifﬁth University has received investigator-initiated grants
and unrestricted donations from vascular access product manufacturers (i.e. 3 M, Adhezion, Angiodynamics, Becton Dickinson,
BBraun, Centurion Medical Products), to support research led by
AJU, unrelated to the current project.
GM, KO, CM, SB and MS have no conﬂicts of interests to declare.
On behalf of NM Grifﬁth University has received unrestricted
educational and research grants and consultancy payment for
lectures from Becton Dickinson. On behalf of NM Grifﬁth
University has received unrestricted investigator-initiated research grants 3 M, Adhezion, Becton Dickinson, Centurion Medical
Products, Cook Medical, Entrotech and Teleﬂex.
Grifﬁth University has received investigator-initiated grants, or
consultancy payments on behalf of CMR from vascular access
product manufacturers (i.e. 3 M, Adhezion, Angiodynamics, Bard,
Baxter; Becton Dickinson, BBraun, Centurion Medical Products,
Cook Medical; Entrotech, Flomedical, ICU Medical, Medical
Australia, Medtronic; Smiths Medical, Teleﬂex), unrelated to the
current project.
Funding source
This work was supported by funding from School of Nursing and
Midwifery, Grifﬁth University (Australia). We would like to thank
the investigators from each of the studies included in this analysis,
for allowing the use of their dataset.
Contributors’ statement
Amanda J Ullman: Dr Ullman conceptualized and designed the
study, drafted the initial manuscript, and approved the ﬁnal
manuscript as submitted.
Gabor Mihala: Mr Mihala assisted with the conception and
design of the study, led the acquisition and analysis of data,
reviewed and revised the manuscript, and approved the ﬁnal
manuscript as submitted.
Nicole Marsh, Christine Woods and Claire Rickard: Ms Marsh,
Ms Woods and Dr Rickard assisted with the conception and design
of the study, interpretation of the data, reviewed and revised the
manuscript for important intellectual content, and approved the
ﬁnal manuscript as submitted.
Kate O’Leary: Ms O’Leary assisted with the acquisition of data,
drafting the initial manuscript, critically reviewed the manuscript
and approved the ﬁnal manuscript as submitted.
Simon Bugden and Mark Scott: Drs Bugden and Scott were
clinical leads for the IVL-GONE study, contributed to the
acquisition of data, reviewed and revised the manuscript, and
approved the ﬁnal manuscript as submitted.
All authors approved the ﬁnal manuscript as submitted and
agree to be accountable for all aspects of the work.

5. Conclusion

Acknowledgements

The insertion of a vascular access device creates a wound that
persists for as long as the device is in situ. This study demonstrates
that skin complications and symptoms can develop during the life
of peripheral and central vascular access devices, and that these
complications are associated with several modiﬁable and nonmodiﬁable risk factors. Many of these uncomfortable and
disﬁguring complications may be preventable, with the implementation of high quality patient care. It is now necessary to
develop, identify and systematically evaluate products, technologies and care practices to prevent and treat skin complications
associated with vascular access devices.

This work was supported by funding from School of Nursing and
Midwifery, Grifﬁth University. We would like to thank the
investigators from each of the studies included in this analysis,
for allowing the use of their dataset. In addition to those involved
as authors in the current study, the original study authors who
generously made available their data include Anthony Allworth,
Jessica Best, Sue Cadigan, Raymond Chan, Brett Chaseling, M.
Choudhury, S. Clark, Amanda Corley, Melanie Edwards, Nicole
Gavin, Julie Flynn, John Fraser, Venessa French, S. Gabriel, Jodie
Genzel, Victoria Gibson, Peter Hancock, Patrick Harris, Chris
Johnstone, Tricia Kleidon, Craig McBride, Matthew McGrail, Sarah

A.J. Ullman et al. / International Journal of Nursing Studies 91 (2019) 6–13

Northﬁeld, E. Geoffery Playford, I. Rapchuk, Heather Reynolds,
Emily Russell, Jason Schoutrop, Karlie Shean, Amy Spooner, K.
Taraporewalla, B. Thomson, Haitham Tuffaha, Marianne Wallis,
Joan Webster, Tameka Wendt and David Wyld.
References
Broadhurst, D., Moureau, N., Ullman, A.J., 2017. Management of central venous
access device-associated skin impairment: an evidence-based algorithm. J.
Wound. Ostomy Continence Nurs. 44 (3), 211–220.
Bugden, S., Shean, K., Scott, M., Mihala, G., Clark, S., Johnstone, C., Fraser, J.F., Rickard,
C.M., 2016. Skin glue reduces the failure rate of emergency department-inserted
peripheral intravenous catheters: a randomized controlled trial. Ann. Emerg.
Med. 68 (2), 196–201.
Chan, R.J., Northﬁeld, S., Larsen, E., Mihala, G., Ullman, A., Hancock, P., Marsh, N.,
Gavin, N., Wyld, D., Allworth, A., Russell, E., Choudhury, M.A., Flynn, J., Rickard, C.
M., 2017. Central venous access device SeCurement and dressing effectiveness
for peripherally inserted central catheters in adult acute hospital patients
(CASCADE): a pilot randomised controlled trial. Trials 18 (1), 458.
Chopra, V., Anand, S., Krein, S.L., Chenoweth, C., Saint, S., 2012. Bloodstream
infection, venous thrombosis, and peripherally inserted central catheters:
reappraising the evidence. Am. J. Med. 125 (8), 733–741.
Doniger, S.J., Ishimine, P., Fox, J.C., Kanegaye, J.T., 2009. Randomized controlled trial
of ultrasound-guided peripheral intravenous catheter placement versus
traditional techniques in difﬁcult-access pediatric patients. Pediatr. Emerg.
Care 25 (3), 154–159.
Edwards, M., Rickard, C.M., Rapchuk, I., Corley, A., Marsh, N., Spooner, A.J., Mihala, G.,
Fraser, J.F., 2014. A pilot trial of bordered polyurethane dressings, tissue
adhesive and sutureless devices compared with standard polyurethane
dressings for securing short-term arterial catheters. Crit. Care Resusc. 16 (3),
175–183.
Egan, G., Healy, D., O’Neill, H., Clarke-Moloney, M., Grace, P.A., Walsh, S.R., 2013.
Ultrasound guidance for difﬁcult peripheral venous access: systematic review
and meta-analysis. Emerg. Med. J. 30 (7), 521–526.
Farris, M.K., Petty, M., Hamilton, J., Walters, S.A., Flynn, M.A., 2015. Medical
adhesive-related skin injury prevalence among adult acute care patients: a
single-center observational study. J. Wound. Ostomy Continence Nurs. 42 (6),
589–598.
Fitzpatrick, T.B., 1988. The validity and practicality of sun-reactive skin types I
through VI. Arch. Dermatol. 124 (6), 869–871.
Froehlich, C., Rigby, M., Rosenber, E., Li, R., Roerig, P., Easley, L., Stockwell, J., 2009.
Ultrasound-guided central venous catheter placement decreases complications
and decreases placement attempts compared with the landmark technique in
patients in a pediatric intensive care unit. Crit. Care Med. 37 (3), 1090–1096.
Kleidon, T.M., Ullman, A.J., Gibson, V., Chaseling, B., Schoutrop, J., Mihala, G., Rickard,
C.M., 2017. A pilot randomized controlled trial of novel dressing and securement
techniques in 101 pediatric patients. J. Vasc. Interv. Radiol. 28 (11), 1548–1556
e1541.
Konya, C., Sanada, H., Sugama, J., Okuwa, M., Kamatani, Y., Nakagami, G., Sakaki, K.,
2010. Skin injuries caused by medical adhesive tape in older people and
associated factors. J. Clin. Nurs. 19 (9–10), 1236–1242.
Kottner, J., Blume-Peytavi, U., Lohrmann, C., Halfens, R., 2014. Associations between
individual characteristics and incontinence-associated dermatitis: a secondary
data analysis of a multi-centre prevalence study. Int. J. Nurs. Stud. 51 (10), 1373–
1380.
Kutzscher, L., 2012. Management of irritant contact dermatitis and peripherally
inserted central catheters. Clin. J. Oncol. Nurs. 16 (2), E48–55.
Lau, C.S., Chamberlain, R.S., 2016. Ultrasound-guided central venous catheter
placement increases success rates in pediatric patients: a meta-analysis. Pediatr
Res. 80 (2), 178–184.
LeBlanc, K., Baranoski, S., 2011. Skin tears: state of the science: consensus
statements for the prevention, prediction, assessment, and treatment of skin
tears(c). Adv. Skin Wound Care 24 (9 Suppl), 2–15.
Marsh, N., Webster, J., Chan, R.J., Mihala, G., Rickard, C., 2015a. Securement methods
for peripheral venous catheters: a randomised controlled pilot trial. J. Vasc.
Access. 16 (3), 237–244.
Marsh, N., Webster, J., Mihala, G., Rickard, C.M., 2015b. Devices and dressings to
secure peripheral venous catheters to prevent complications. Cochrane
Database Syst. Rev. (6), Cd011070.
Marsh, N., Larsen, E., Genzel, J., Mihala, G., Ullman, A.J., Kleidon, T., Cadigan, S.,
Rickard, C.M., 2018a. A novel integrated dressing to secure peripheral

13

intravenous catheters in an adult acute hospital: a pilot randomized controlled
trial. Trials 19 (1), 596.
Marsh, N., Webster, J., Larson, E., Cooke, M., Mihala, G., Rickard, C.M., 2018b.
Observational study of peripheral intravenous catheter outcomes in adult
hospitalized patients: a multivariable analysis of peripheral intravenous
catheter failure. J. Hosp. Med. 13 (2), 83–89.
McNichol, L., Lund, C., Rosen, T., Gray, M., 2013. Medical adhesives and patient
safety: state of the science: consensus statements for the assessment,
prevention, and treatment of adhesive-related skin injuries. Orthop. Nurs. 32
(5), 267–281.
Mimoz, O., Lucet, J.C., Kerforne, T., Pascal, J., Souweine, B., Goudet, V., Mercat, A.,
Bouadma, L., Lasocki, S., Alfandari, S., Friggeri, A., Wallet, F., Allou, N., Ruckly, S.,
Balayn, D., Lepape, A., Timsit, J.F., 2015. Skin antisepsis with chlorhexidinealcohol versus povidone iodine-alcohol, with and without skin scrubbing, for
prevention of intravascular-catheter-related infection (CLEAN): an open-label,
multicentre, randomised, controlled, two-by-two factorial trial. Lancet 386
(10008), 2069–2077.
Reynolds, H., Taraporewalla, K., Tower, M., Mihala, G., Tuffaha, H.W., Fraser, J.F.,
Rickard, C.M., 2015. Novel technologies can provide effective dressing and
securement for peripheral arterial catheters: a pilot randomised controlled trial
in the operating theatre and the intensive care unit. Aust. Crit. Care 28 (3), 140–
148.
Rickard, C.M., Ray-Barruel, G., 2017. Peripheral intravenous catheter assessment:
beyond phlebitis. Lancet Haematol. 4 (9), e402–e403.
Rickard, C.M., Webster, J., Wallis, M.C., Marsh, N., McGrail, M.R., French, V., 2012.
Routine versus clinically indicated replacement of peripheral catheters: a
randomised controlled trial. Lancet 380 (9847), 1066–1074.
Rickard, C.M., Marsh, N., Webster, J., Playford, E.G., McGrail, M.R., Larsen, E., Keogh, S.,
McMillan, D., Whitty, J.A., Choudhury, M.A., Dunster, K.R., Reynolds, H., Marshall,
A., Crilly, J., Young, J., Thom, O., Gowardman, J., Corley, A., Fraser, J.F., 2015. Securing
all intraVenous devices effectively in hospitalised patients—the SAVE trial: study
protocol for a multicentre randomised controlled trial. BMJ Open 5 (9), e008689.
Rickard, C.M., Edwards, M., Spooner, A.J., Mihala, G., Marsh, N., Best, J., Wendt, T.,
Rapchuk, I., Gabriel, S., Thomson, B., Corley, A., Fraser, J.F., 2016. A 4-arm
randomized controlled trial of solutions for jugular central venous access device
securement in 221 cardiac patients. J. Crit. Care 36, 35–42.
Thayer, D., 2012. Skin damage associated with intravenous therapy: common
problems and strategies for prevention. J. Infus. Nurs. 35 (6), 390–401.
Ullman, A.J., Cooke, M., Rickard, C., 2015a. Examining the role of securement and
dressing products to prevent central venous access device failure: a narrative
review. J. Assoc. Vasc. Access. 20 (2), 99–110.
Ullman, A.J., Cooke, M.L., Mitchell, M., Lin, F., New, K., Long, D.A., Mihala, G., Rickard,
C.M., 2015b. Dressings and securement devices for central venous catheters
(CVC). Cochrane Database Syst. Rev. 9 Cd010367.
Ullman, A.J., Marsh, N., Mihala, G., Cooke, M., Rickard, C.M., 2015c. Complications of
central venous access devices: a systematic review. Pediatrics 136 (5), e1331–1344.
Ullman, A.J., Cooke, M.L., Mitchell, M., Lin, F., New, K., Long, D.A., Mihala, G., Rickard,
C.M., 2016a. Dressing and securement for central venous access devices
(CVADs): a cochrane systematic review. Int. J. Nurs. Stud. 59, 177–196.
Ullman, A.J., Kleidon, T., Gibson, V., Long, D.A., Williams, T., McBride, C.A., Hallahan,
A., Mihala, G., Cooke, M., Rickard, C.M., 2016b. Central venous access device
SeCurement and dressing effectiveness in paediatrics: protocol for randomised
controlled trials. BMJ Open 6 (6) .
Ullman, A.J., Kleidon, T., Gibson, V., McBride, C.A., Mihala, G., Cooke, M., Rickard, C.
M., 2017a. Innovative dressing and securement of tunneled central venous
access devices in pediatrics: a pilot randomized controlled trial. BMC Cancer 17
(1), 595.
Ullman, A.J., Cooke, M., Kleidon, T., Rickard, C.M., 2017b. Road map for
improvement: point prevalence audit and survey of central venous access
devices in paediatric acute care. J. Paediatr. Child Health 53 (2), 123–130.
Wall, J.B., Divito, S.J., Talbot, S.G., 2014. Chlorhexidine gluconate-impregnated
central-line dressings and necrosis in complicated skin disorder patients. J. Crit.
Care 29 (6) 1130.e1131–1134.
Webster, J., Lister, C., Corry, J., Holland, M., Coleman, K., Marquart, L., 2015. Incidence
and risk factors for surgically acquired pressure ulcers: a prospective cohort
study investigators. J. Wound. Ostomy Continence Nurs. 42 (2), 138–144.
Webster, J., Larsen, E., Marsh, N., Choudhury, A., Harris, P., Rickard, C.M., 2017.
Chlorhexidine gluconate or polyhexamethylene biguanide disc dressing to
reduce the incidence of central-line-associated bloodstream infection: a
feasibility randomized controlled trial (the CLABSI trial). J. Hosp. Infect. 96
(3), 223–228.

