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Abstract
Background: Endotracheal tube (ETT) fasteners such as the AnchorFast™ claim to assist with the prevention of oral
pressure injuries in intubated patients, however evidence to support their clinical efficacy is limited. This retrospective
observational study aimed to investigate the impact of the introduction of the AnchorFast™ device on the incidence of
oral pressure injuries in mechanically ventilated patients.
Methods: Data was collected from patient case notes and clinical incident reports for October 2010 to June
2013 (pre-AnchorFast) and July 2013 to March 2016 (post-AnchorFast). Incidence and location of oral pressure
injuries associated with securing device, and compliance with institutional policies related to reducing oral
pressure injuries were recorded.
Results: Incidence of oral pressure injuries increased from 1.53/100 intubated patients in the pre-AnchorFast
period to 3.73/100 intubated patients in the post-AnchorFast period (IRR = 2.43, 95%CI = 1.35–4.38; p = 0.003).
Across both study periods, patients with an ETT secured using AnchorFast™ had significantly increased risk of
oral pressure injuries (IRR = 2.03, 95%CI = 1.17–3.51; p = 0.02). There was also a significant difference in location
of pressure injuries sustained with ETTs secured using cloth tapes (53.6% in corner of the mouth) vs.
AnchorFast™ (75% on the lips) (p = 0.008). Among patients with oral pressure injuries, compliance with
institutional policies relating to the prevention of pressure injuries was significantly greater after the introduction of
the AnchorFast™ (9.1% vs 64.5%, p = 0.004).
Conclusions: The incidence of oral pressure injuries increased significantly following the introduction of the
AnchorFast™ device. Further research is required to establish the reasons for this observed increase to and
identify ways to reduce the risk of pressure injuries with ETT securement devices.
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Background
Pressure injuries are a leading cause of preventable harm
to hospitalised patients worldwide, affecting between 1
and 11% of patients in acute-care settings [1]. Among all
hospitalised patients the prevalence rate of pressure injury
is highest for patients in Intensive Care Units (ICU) [2].
Globally, the incidence of pressure injuries among patients
admitted to ICU ranges from 5 to 20%, with a prevalence
of between 14 and 47% [3–5]. Patients in ICU have many
unique factors that make them vulnerable to the development of pressure injuries. Risk factors for pressure injury
development in critically ill patients may include impaired
sensation, altered level of consciousness, reduced mobility,
sedation, decreased tissue perfusion, nutritional compromise, and vasoactive medications [3, 6–8].
Medical devices are often an essential component in delivering necessary care to critically ill patients, yet are also
increasingly being recognised as a potential cause of pressure injury. Medical device-related pressure injuries
(MDRIs) are defined as a localised injury to the skin or
underlying tissue as a result of sustained pressure from a
device [9]. The majority of MDRIs occur on the head,
neck and face [10], and may be caused by poor device fit,
improper securement, or poor visualisation of the skin
under the device making it difficult to perform skin assessment [9, 11]. A lack of practice guidelines and staffing
workload and experience may also impact on the risk of a
medical device related pressure injury [12]. The proportion of pressure injuries that are device-related varies in
the literature from 10% to 40% [2, 6, 13]. Black et al. [9]
reported that patients with a medical device were 2.4
times more likely to develop a pressure injury.
Although there is an increasing awareness of the risk
of MDRIs, there are few studies that have addressed specific devices and their impact on the development of
pressure injury. Two recent studies have found endotracheal tubes (ETT) and nasogastric tubes to be leading
causes of MDRIs [13, 14], with intubated patients at risk
of developing pressure injuries from the ETT and/or the
methods or devices used to secure it [15]. ETTs are secured to prevent tube migration, and to avoid unplanned
extubation. There are several methods for securing
ETTs, including adhesive or cloth tapes, and endotracheal tube attachment devices (ETADs). These devices are designed specifically to hold the ETT securely
in a way that facilitates regular repositioning of the ETT
to prevent the development of pressure injuries caused
by the tube resting on the inside of the mouth or lips for
prolonged periods. These devices are therefore marketed
as having the potential to reduce rates of oral pressure
injuries [16]; however evidence to support these claims
is limited [15, 17–20]. Two studies have found reduced
skin breakdown with commercial ETT holders when
compared to adhesive tape [19, 20]. Furthermore
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ETT holders were shown to significantly reduce internal
and external movement of endotracheal tubes [20]. A
systematic review and meta-analysis found significant reduction in lip excoriation with commercial devices (p <
0.001; OR = 0.2, 95%CI = 0.1–0.5), but no significant reduction in facial trauma (p = 0.11; OR = 0.4, 95%CI =
0.1–1.2) [17]. The degree of ETT displacement was
found to be less with commercial devices than with adhesive tape in the setting of significant heterogeneity of
the studies included [17]. A recent study comparing sixteen ETT securement methods using anatomically correct intubation models with embedded pressure sensors
found that commercial devices exerted more pressure
on the face than non-commercial devices and commercial ETT holders allowed for rapid and secure movement
of ETT from one side of the mouth to the other. [15].
A commercially available ETAD, the AnchorFast™
(Hollister), was introduced into clinical practice in our
department in mid-2013.
This study aimed to retrospectively evaluate the impact of the introduction of the AnchorFast™ device on
the incidence of oral pressure injuries in our ICU.

Methods
Study setting

The study hospital ICU is a 15-bed university-affiliated
non-tertiary Metropolitan medical and surgical ICU
located in Victoria, Australia. Approximately 1100 patients are treated in this ICU each year, with about 40%
requiring invasive mechanical ventilation (IMV).
AnchorFast™ devices were introduced into clinical
practice in this unit from the start of July 2013. Prior to,
and following the introduction of the AnchorFast™ into
this department, nurses have received ongoing education
in the proper use and placement of this device. Prior to
the introduction of AnchorFast™, ETTs were secured
using cloth tapes; after its introduction, both methods of
ETT securement (AnchorFast and cloth tapes) were
available for use. The choice of ETT securement method
used in the post-AnchorFast period was at the discretion
of the bedside nurse, with the exception of specific contraindications listed below.
Institutional pressure injury prevention guidelines
state that cloth tapes should be changed and ETT
repositioned every 6 h, or when the cloth is soiled; while
the ETTs should be repositioned every 2 h for patients
with an AnchorFast™ in situ. AnchorFast™ devices should
be replaced every 3–5 days as per manufacturers’
instructions or clinical need. Repositioning of the ETT
and replacement of tapes or AnchorFast™ devices should
also be clearly documented on the patient’s ICU flow
chart. Pressure injuries are reported using the Victorian
Health Incident Management System, a database for the
collection of clinical incidents and adverse events.
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Severity of pressure injuries is graded by the nurse
generating the report, according to the current
National Pressure Ulcer Advisory Panel (NPUAP)
staging system [21].
Study design

This was a retrospective observational study, investigating
the incidence of reported pressure injuries to the mouth
and lips of patients, prior-to and following the introduction of the AnchorFast™ device into clinical practice The
time period from 01/10/2010–31/06/2013 was defined as
the ‘pre-AnchorFast’ period; while 01/07/2013–31/03/
2016 was defined as the ‘post-AnchorFast’ period.
AnchorFast™ Endotracheal tube attachment device

The AnchorFast™ device is produced by Hollister
(Hollister Incorporated, Libertyville, IL USA). AnchorFast™ (Fig. 1) includes a number of features aimed at
reducing the occurrence of pressure injuries to the
mouth and lips, such as a ‘gliding tube shuttle’ which enables the ETT to be easily repositioned while being held
securely in place, and a ‘lip stabiliser’ that prevents the
ETT from resting on the patient’s upper lip.
AnchorFast™ devices are contraindicated for patients
without teeth, with facial oedema, or with protruding
teeth, facial hair, profuse diaphoresis, or allergic reaction
to the device’s skin barrier pads.
Data collection

The total number of admissions to the study ICU, number of patients receiving mechanical ventilation, and the
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total hours of mechanical ventilation required by patients during each study period was retrieved from ICU
patient databases. The medical records of all patients receiving invasive mechanical ventilation in the study ICU
during the post-AnchorFast period were reviewed to
identify whether patients ever had their ETT secured
using an AnchorFast™ device.
All pressure injuries reported during the study
period were retrieved from Victorian health incident
management system (VHIMS). These reports were
reviewed by one of the investigator (JH), and pressure
injuries to the mouth or lips were identified. The date
and time of pressure injury documentation, and severity and location of the pressure injury was retrieved
from VHIMS reports. Location of pressure injuries
was classified as ‘corner of mouth’, ‘lip’ (for injuries on
the outer surface of the lip), or ‘mouth’ (for injuries
on the inner surface of the mouth).
The case notes for patients with reported oral pressure
injuries were reviewed. The following variables were collected: length of ICU and hospital stay; length of mechanical ventilation; location of intubation (e.g. ambulance,
emergency department, ICU); method of ETT securement at intubation; ICU admission diagnosis; comorbidities; use of long term steroids, Adult Physiology and
Chronic Health Evaluation (APACHE-III) illness severity
score; Waterlow pressure injury risk score at ICU admission and prior to pressure injury documentation; and
whether there was documentation of compliance with
institutional pressure injury prevention guidelines in the
48 h prior to pressure injury documentation.

Fig. 1 Two methods of endotracheal tube (ETT) securement used in the study hospital. Cloth tapes (left) are looped around the ETT and tied
around the patient’s head, passing under their ears. A foam dressing is placed between the cloth tape and the patient’s skin, and an adhesive
tape is used to secure it in place. The AnchorFast™ device is shown on the right
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Ethical considerations

This study was reviewed and approved as an audit by
Research Governance of Peninsula Health (ref.: QA/16/
PH/8). As this was a retrospective study requiring no
patient contact, no informed consent was required.
Statistical analysis

Continuous variables were assessed for normality and
expressed as mean (standard deviation) or median
(inter-quartile range) depending on the distribution of
data. Categorical variables were summarised using
frequencies, presenting the subject counts and percentages. Comparisons between groups were made using
Wilcoxon rank-sum test for continuous variables and
chi-square or Fisher’s exact test as appropriate for categorical variables. The incidence of pressure injuries
were compared using Poisson regression with results
reported as incidence rate ratios (IRR) and 95% confidence intervals. All calculated p values were two-tailed
and p < 0.05 indicated statistical significance. Analyses
were performed with Stata software version 14 (StataCorp, College Station, Texas, USA).

Results
Incidence of oral pressure injuries

Throughout the study period 2008 patients received
invasive mechanical ventilation in ICU (1043 pre-

AnchorFast, 965 post-AnchorFast). There were a total
230 pressure injury incident reports, of which 22.6%
(n = 52) were oral pressure injuries to the mouth or
lips (16 pre-AnchorFast, 36 post-AnchorFast). During
the post-AnchorFast period, 61.8% (n = 596) of mechanically ventilated patients had their ETT secured
with an AnchorFast™.
Throughout both study periods, there were 42 patients
with 52 reported oral pressure injuries.
There was no significant difference between the pre- and
post-AnchorFast periods in patient age, gender distribution,
ICU or hospital length of stay, Waterlow score on ICU
admission, risk factors for pressure injury development, and
length of mechanical ventilation (Table 1). There was a
significant difference in compliance with institutional policies aimed at preventing pressure injuries between the two
periods. There was greater documented compliance with
pressure injury prevention protocols in the 24 h prior to
pressure injury documentation for patients in the postAnchorFast period compared to those in the preAnchorFast period (64.5% vs. 9.1%; p = 0.004).
Similarly, there was no difference in patient demographics between patients that developed pressure injuries with AnchorFast devices or cloth tape in situ across
study periods (Table 2). Those with AnchorFast™ devices
in–situ at the time of the pressure injury report were
significantly more likely to have documented compliance

Table 1 Comparison of characteristics of patients with pressure injuries between pre- and post-AnchorFast periods
Variable

All patients (N = 42)

Pre-AnchorFast (n = 11)

Post-AnchorFast (n = 31)

p-value

Age (median, IQR)

56 (47.7–72.6)

52.2 (37.7–63.0)

56.7 (47.8–73.6)

0.43

Male Sex (%, n)

66.7% (28)

81.8% (9)

61.3% (19)

0.28

Malnourished at ICU admission (%, n)

19.0% (8)

36.4% (4)

12.9% (4)

0.17

Peripheral vascular disease (%, n)

2.4% (1)

9.1% (1)

0% (0)

0.26

Diabetes (%, n)

14.3% (6)

27.3% (3)

9.7% (3)

0.31

Current Smoker (%, n)

26.2% (11)

27.3% (3)

25.8% (8)

1.00

Long-term steroid therapy (%, n)

16.7% (7)

9.1% (1)

19.4% (6)

0.65

Serum albumin

34.5 (27.8–39.0)

30.0 (26.0–39.0)

35.0 (29.0–39.0)

0.45

Restricted mobility (%, n)

26.2% (11)

27.3% (3)

25.8% (8)

1.00

Waterlow score at ICU admission (median, IQR)

24 (17–28)

23.5 (14–24.5)

24 (17–28)

0.28

Length of mechanical ventilation, days (median, IQR)

7.6 (3.8–15.2)

8.7 (6.7–16.9)

6.9 (3.0–14.0)

0.10

ICU length of stay, days (median, IQR)

9.9 (4.6–21.2)

9.4 (7.8–23.1)

10.1 (4.2–20.9)

0.13

Hospital length of stay, days (median, IQR)

27.0 (11.6–36.3)

31.6 (14.9–38.3)

20.9 (10.6–36.3)

0.35

APACHE-III Score (median, IQR)

92.5 (72.8–111.3)

86.0 (73.0–121.0)

96.0 (69.0–107.0)

0.71

Time from intubation to PI reporting, days (median, IQR)

3 (1.9–6)

5 (2–6)

3 (1–7)

0.50

ICU Mortality (%, n)

14.3% (6)

18.2% (2)

12.9% (4)

0.64

Hospital Mortality (%, n)

28.6% (12)

27.3% (3)

29.0% (9)

1.00

1

21.4% (9)

18.2% (2)

22.6% (7)

1.00

2

78.6% (33)

81.8% (9)

77.4% (24)

Pressure injury severity
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Table 2 Comparison of characteristics of patients with pressure injuries based on ETT securement method
Variable

All patients (N = 42)

Tape (n = 21)

AnchorFast (n = 21)

p-value

Age (median, IQR)

56 (47.7–72.6)

53.2 (39.2–67.1)

58.6 (49.3–73.6)

0.22

Male Sex (%, n)

66.7% (28)

81.0% (17)

52.4% (11)

0.10

Malnourished at ICU admission (%, n)

19.0% (8)

28.6% (6)

9.5% (2)

0.24

Peripheral vascular disease (%, n)

2.4% (1)

4.8% (1)

0% (0)

1.00

Diabetes (%, n)

14.3% (6)

23.8% (5)

4.8% (1)

0.18

Current Smoker (%, n)

26.2% (11)

19.0% (4)

33.3% (7)

0.48

Long-term steroid therapy (%, n)

16.7% (7)

9.5% (2)

23.8% (5)

0.41

Serum albumin

34.5 (27.8–39.0)

36.0 (27.0–39.5)

32.0 (27.5–36.0)

0.26

Restricted mobility (%, n)

26.2% (11)

28.6% (6)

23.8% (5)

1.00

Waterlow score at ICU admission (median, IQR)

24 (17–28)

23.5 (15.3–26.0)

25.0 (17.5–28.0)

0.20

Length of mechanical ventilation, days (median, IQR)

7.6 (3.8–15.2)

7.1 (3.8–16.7)

7.9 (3.6–13.9)

0.10

ICU length of stay, days (median, IQR)

9.9 (4.6–21.2)

8.31 (4.1–21.8)

10.7 (4.9–20.8)

0.51

Hospital length of stay, days (median, IQR)

27.0 (11.6–36.3)

26.0 (8.6–33.7)

28.0 (13.8–60.8)

0.36

APACHE-III Score (median, IQR)

92.5 (72.8–111.3)

93.0 (72.5–119.5)

92.0 (71.5–101.5)

0.41

Time from intubation to PI reporting, days (median, IQR)

3 (1.9–6)

3 (1–5.5)

4 (2–9)

0.12

ICU Mortality (%, n)

14.3% (6)

19.0% (4)

9.5% (2)

0.66

Hospital Mortality (%, n)

28.6% (12)

19.0% (6)

28.6% (6)

1.00

1

21.4% (9)

23.8% (5)

19.0% (4)

1.00

2

78.6% (33)

76.2% (16)

81.0% (17)

Pressure injury severity

with pressure injury prevention protocols within the previous 24 h of pressure injury development, compared to
those with cloth tapes in-situ at the time of pressure injury documentation (81.0% vs 19.0%; p < 0.001).
The incidence of reported oral pressure injuries was
1.53 per 100 mechanically ventilated patients during the
pre-AnchorFast period, compared to 3.73 oral pressure
injuries per 100 mechanically ventilated patients in the
post-AnchorFast period (IRR: 2.43, 95% CI: 1.35–4.38;
p = 0.003). Across both study periods, the incidence of
oral pressure injuries among those with ETTs secured
with tape was 1.98 per 100 ventilated patients, compared
to 4.03 per 100 ventilated patients with an AnchorFast™
(IRR: 2.03, 95% CI: 1.17–3.51; p = 0.02). The incidence

of oral pressure injuries by time period and method of
ETT securement is shown in Table 3.
Across both study periods, there was a statistically
significant difference in the location of oral pressure
injuries between those sustained with an AnchorFast™
device or cloth tape in-situ (p = 0.008). Those with an
ETT secured using AnchorFast™ devices were most
likely to sustain injuries to their lip (75%); while patients with their ETT secured using cloth tape were
most likely to sustain injuries to the corner of their
mouths (53.6%) (Table 4).
There was no significant difference in the time from
intubation to pressure injury development between
patients with tape and AnchorFast™ ETT securement

Table 3 Incidence of oral pressure injuries by study period (pre- vs. post- introduction of the AnchorFast™ device), and by method
of ETT securement (cloth tapes vs. AnchorFast™ device) across both study periods
All patients

Pre-AnchorFast
period

Post-AnchorFast
Period

Tape ETT
securement

AnchorFast ETT
securement

Number of Mechanically ventilated patients

2008

1043

965

1412

596

Total Ventilation Hours

201,152

93,602

107,550

109,711

91,441

Number of Oral Pressure Injuries reported

52

16

36

28

24

Oral Pressure Injuries per 100 ventilated
patients

2.59

1.53

3.73*

1.98

4.03#

Oral pressure Injuries per 10,000 ventilation
hours

2.59

1.71

3.35^

2.55

2.63ǂ

* p = 0.003; # p = 0.02; ^ p = 0.03; ǂ p = 0.92
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Table 4 Location of oral pressure injuries across study period, by method of ETT securement (cloth tapes vs. AnchorFast™ device) at
the time of pressure injury report
Number of pressure Injuries reported

ETT secured using cloth tape

ETT secured with AnchorFast device

28

24

p-value

Location of Pressure Injury (%, n)
Corner of mouth

53.6% (15)

20.8% (5)

Lip

32.1% (9)

75% (18)

Inside of lip or mouth

14.3% (4)

4.2% (1)

(median 3 vs 4 days respectively; p = 0.12). There was also
no significant difference in the severity of pressure injuries
sustained with tapes (median = 2, range = 1–2) vs AnchorFast™ devices (median = 2, range = 1–2; p = 0.71). A majority of injuries in both groups were assessed as being stage
2 (tape = 76.2%, AnchorFast = 81.0%).

Discussion
Medical devices are a leading cause of pressure injuries
in critically ill patients [2, 6], with ETTs and nasogastric tubes accounting for the majority of these [13, 14].
Oral pressure injuries related to endotracheal intubation
accounted for 22.6% of all documented pressure injuries
over a 6.5-year period in our ICU.
The incidence of reported oral pressure injuries appears to have increased significantly following the introduction of the AnchorFast™ device in our unit. Overall,
patients with an AnchorFast™ in place were approximately twice as likely to develop oral pressure injuries.
To our knowledge, only one previous study has investigated the impact of the introduction of the AnchorFast™
device on the incidence of oral pressure injuries. This
retrospective 20-month study found a decrease in incidence of oral pressure injuries following the introduction
of the AnchorFast™ device, from an incidence of 1.25 injuries per 100 ventilated patients to 0.06/100 ventilated
patients [22]. These findings are at odds with those of
the present study. It is unclear where this discrepancy
may arise from, however variations in staffing and patient mix may contribute. In particular, Zaratkiewicz and
colleagues reported an average of over 300 patients per
month receiving IMV [22], compared to an average of
26 patients per month in our unit during the study
period. This is likely to influence staffing experience and
workload, as well as the length of mechanical ventilation
that patients received. No information regarding patient
acuity, length of mechanical ventilation, or staffing was
provided in this article to enable comparisons with the
present study.
Compliance with institutional policies aimed at
reducing oral pressure injuries improved significantly
following the introduction of the AnchorFast™ device.
Similarly, compliance was significantly better among
patients that developed oral pressure injuries with their

0.008

ETT secured using an AnchorFast™ device compared to
patients with cloth tape during the post-AnchorFast
period.
According to promotional materials, the design of the
AnchorFast™ device allows nursing staff to more easily
reposition the ETT. This is likely to have contributed to
the improved compliance with pressure injury prevention policies observed in this study; however, this does
not appear to relate to a decrease in pressure injury incidence when implemented in routine practice. The reasons for this warrant further investigation.
The location of pressure injuries to the mouth and lips
varied significantly between those sustained with
AnchorFast™ devices and cloth tapes in place. The locations of pressure injuries reported with each method
reflect areas of pressure exerted by these devices on the
underlying skin (see Fig. 1), and these findings therefore
have implications for the prevention of pressure injuries
using these devices. This may include adjusting the way
that cloth tapes are secured to reduce pressure across
the corners of the mouth, and potential modifications to
the AnchorFast™ device.
The severity of oral pressure injuries did not differ
between those sustained with tapes and AnchorFast™
devices, with the majority of injuries reported as being
stage 2 or “partial thickness skin loss with exposed dermis” [21]. The appropriateness of using standard pressure wound staging systems for the assessment of oral
pressure wounds has previously been questioned [23].
Limitations

This study has a number of limitations that must be
acknowledged. As it was conducted at a single centre
the findings may have been influenced by a number of
aspects of clinical practice that vary between centres,
including staffing and patient characteristics.
The incidence of oral pressure injuries over the study
period was relatively low, at 2.59 injuries per 100
invasively-ventilated patients. This limited the sample
size available to compare the characteristics of patients
who developed oral pressure injuries on the basis of
their method of ETT securement.
As this is a retrospective observational study causality
cannot be clearly established for the increased incidence
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in oral pressure injuries observed following the introduction of the AnchorFast™ device. It is possible that this
finding also reflects an increased awareness and reporting of pressure injuries following the introduction of this
device; however within the post-AnchorFast period,
where both securement methods were used, two-thirds
of oral pressure injuries occurred with AnchorFast™
devices in situ. In addition, after adjusting for the proportion of all mechanically ventilated patients who
received each method of ETT securement, those with
AnchorFast™ devices were found to be at significantly
increased risk of oral pressure injuries. This is despite no
significant differences in risk factors for pressure injuries
between those that developed oral pressure injuries with
cloth tapes or AnchorFast™ devices.
The retrospective nature of this study limits discussion
to those pressure injuries that were documented. Clinical
practice guidelines state that all pressure injuries must
be reported appropriately, and all nursing staff in this
unit received regular training in the identification and
reporting of pressure injuries. Despite this, it is possible
that some pressure injuries were never documented. In
addition, assessment of nursing compliance with pressure injury prevention guidelines relied upon existing
documentation.
Finally, despite being highly statistically significant, effect size confidence intervals were relatively large for comparisons of oral pressure injuries between the pre- and
post-AnchorFast periods (IRR = 2.43; 95% CI = 1.35–4.38),
and between patients with AnchorFast devices and cloth
tapes (IRR = 2.13; 95% CI = 1.17–3.51).
Despite these limitations, this study represents a significant contribution to the existing body of literature
regarding the utility of the AnchorFast™ device (and
ETADs more broadly) to prevent oral pressure injuries
associated with endotracheal intubation.

an AnchorFast™ device were found to be at a significantly increased risk of developing oral pressure injuries.

Recommendations

Publisher’s Note

These findings highlight the importance of continually
evaluating the efficacy of medical devices, particularly
where there is limited empirical evidence to support
their use. Given the present findings, the lack of available evidence, and the limitations of retrospective observational studies, a prospective randomised controlled
trial may be warranted to investigate whether ETADs
demonstrate any benefit for the prevention of oral pressure injuries when compared to cloth tape. A costbenefit analysis may also be of relevance, given the
increased financial costs associated with such devices.
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Conclusion
Incidence of oral pressure injuries increased significantly
following the introduction of the AnchorFast™ ETT
securement device. Patients with an ETT secured using

Abbreviations
95% CI: 95% Confidence Interval; APACHE-III: Adult Physiology and Chronic
Health Evaluation illness severity score, version three; ETAD: Endotracheal
tube attachment device; ETT: Endotracheal tube; ICU: Intensive Care Unit;
IMV: Invasive mechanical ventilation; IRR: Incidence rate ratio; MDRI: Medical
device-related injury; NPUAP: National Pressure Ulcer Advisory Panel;
VHIMS: Victorian health incident management system
Acknowledgements
The authors would like to acknowledge the input of Angela Clinkaberry,
Christine Clemence, Laurel Walker, and Kate Jones for their assistance with
this study.
Funding
This study received no funding.
Availability of data and materials
The datasets generated and/or analysed during the current study are not
publicly available but are available from the corresponding author on
reasonable request.
Authors’ contributions
JH and RT were responsible for the conceptualisation of this study; CG and
RT were responsible for study design. JH, JS, LA, GD, and AA were responsible
for data acquisition and for reviewing the manuscript and revising it for
important intellectual content. CG and EP were responsible for data
analysis. CG, JH, and RT were responsible for manuscript preparation. All
authors have reviewed the final manuscript and agree to be accountable for all
aspects of the work in ensuring that questions related to the accuracy
or integrity of any part of the work are appropriately investigated and resolved.
Ethics approval and consent to participate
This study was reviewed and approved as an audit by Research Governance
of Peninsula Health (ref.: QA/16/PH/8). As this was a retrospective study
requiring no patient contact, no informed consent was required. All data
was anonymised following data collection.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests to declare. The
authors have received no financial or material support from Hollister.

Author details
1
Department of Intensive Care Medicine, Peninsula Health, Frankston
Hospital, 2 Hastings road, Frankston, VIC 3199, Australia. 2Department of
Epidemiology and Preventive Medicine, School of Public health and
Preventive Medicine, Faculty of Medicine, Nursing and Health Sciences,
Monash University, Clayton, VIC, Australia. 3Clinical Haematology Department,
The Alfred Hospital, Melbourne, Victoria 3181, Australia.
Received: 20 June 2017 Accepted: 28 January 2018

References
1. Keller BP, Wille J, van Ramshorst B, van der Werken C. Pressure ulcers in
intensive care patients: a review of risks and prevention. Intensive Care Med.
2002;28:1379–88.
2. VanGilder C, Amlung S, Harrison P, Meyer S. Results of the 2008-2009
international pressure ulcer prevalence survey and a 3-year, acute care, unitspecific analysis. Ostomy Wound Manage. 2009;55:39–45.

Hampson et al. BMC Nursing (2018) 17:4

3.

4.

5.

6.
7.
8.
9.

10.

11.
12.
13.

14.
15.

16.
17.

18.
19.
20.
21.

22.

23.

Page 8 of 8

Elliott R, McKinley S, Fox V. Quality improvement program to reduce the
prevalence of pressure ulcers in an intensive care unit. Am J Crit Care. 2008;
17:328–34. quiz 335; discussion 336-327
Manzano F, Navarro MJ, Roldan D, Moral MA, Leyva I, Guerrero C, Sanchez
MA, Colmenero M, Fernandez-Mondejar E, Granada UPPG. Pressure ulcer
incidence and risk factors in ventilated intensive care patients. J Crit Care.
2010;25:469–76.
de Laat EH, Schoonhoven L, Pickkers P, Verbeek AL, van Achterberg T.
Epidemiology, risk and prevention of pressure ulcers in critically ill patients:
a literature review. J Wound Care. 2006;15:269–75.
Cooper KL. Evidence-based prevention of pressure ulcers in the intensive
care unit. Crit Care Nurse. 2013;33:57–66.
Cox J, Roche S. Vasopressors and development of pressure ulcers in adult
critical care patients. Am J Crit Care. 2015;24:501–10.
Krupp AE, Monfre J. Pressure ulcers in the ICU patient: an update on
prevention and treatment. Curr Infect Dis Rep. 2015;17:468.
Black JM, Cuddigan JE, Walko MA, Didier LA, Lander MJ, Kelpe MR. Medical
device related pressure ulcers in hospitalized patients. Int Wound J. 2010;7:
358–65.
Black J, Alves P, Brindle CT, Dealey C, Santamaria N, Call E, Clark M. Use of
wound dressings to enhance prevention of pressure ulcers caused by
medical devices. Int Wound J. 2015;12:322–7.
Apold J, Rydrych D. Preventing device-related pressure ulcers: using data to
guide statewide change. J Nurs Care Qual. 2012;27:28–34.
Dyer A. Ten top tips: preventing device-related pressure ulcers. Wounds
International. 2015;6:9–13.
Hanonu S, Karadag A. A prospective, descriptive study to determine the rate
and characteristics of and risk factors for the development of medical
device-related pressure ulcers in intensive care units. Ostomy Wound
Manage. 2016;62:12–22.
Coyer FM, Stotts NA, Blackman VS. A prospective window into medical devicerelated pressure ulcers in intensive care. Int Wound J. 2014;11:656–64.
Fisher DF, Chenelle CT, Marchese AD, Kratohvil JP, Kacmarek RM.
Comparison of commercial and noncommercial endotracheal tube-securing
devices. Respir Care. 2014;59:1315–23.
Clinical Benefits of the AnchorFast and AnchorFast Guard. http://www.
anchorfast1.com/clinical-benefits.html. Accessed 31 Jan 2018.
Gardner A, Hughes D, Cook R, Henson R, Osborne S, Gardner G. Best
practice in stabilisation of oral endotracheal tubes: a systematic review. Aust
Crit Care. 2005;18(158):160–55.
Kaplow R, Bookbinder M. A comparison of four endotracheal tube holders.
Heart Lung. 1994;23:59–66.
Levy H, Griego L. A comparative study of oral endotracheal tube securing
methods. Chest. 1993;104:1537–40.
Tasota FJ, Hoffman LA, Zullo TG, Jamison G. Evaluation of two methods
used to stabilize oral endotracheal tubes. Heart Lung. 1987;16:140–6.
Prevention and treatment of pressure ulcers: quick reference quide. http://
www.npuap.org/wp-content/uploads/2014/08/Updated-10-16-14-QuickReference-Guide-DIGITAL-NPUAP-EPUAP-PPPIA-16Oct2014.pdf. Accessed 31
Jan 2018.
Zaratkiewicz S, Teegardin C, Whitney JD. Retrospective review of the
reduction of oral pressure ulcers in mechanically ventilated patients: a
change in practice. Crit Care Nurs Q. 2012;35:247–54.
Reaper S, Green C, Gupta S, Tiruvoipati R. Inter-rater reliability of the reaper
oral mucosa pressure injury scale (ROMPIS): a novel scale for the assessment
of the severity of pressure injuries to the mouth and oral mucosa. Aust Crit
Care. 2017;30(3):167–71.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

