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ABSTRACT
Most pressure ulcers occur over bony prominences such as heels and the sacrum. However, the National Pressure
Ulcer Advisory Panel recognises that pressure ulcers can also occur on any tissue under pressure and thereby can
develop beneath medical devices. This article reports on results from a secondary analysis of existing data collected
by The Nebraska Medical Center on pressure ulcer quality improvement initiatives and outcomes. The purpose of
this study was to quantify the extent of the problem and identify risk factors for medical device related (MDR)
pressure ulcer development in hospitalised patients. A subset of data collected during eight quarterly pressure
ulcer incidence and prevalence studies (N = 2178) was created and analysed. The overall rate of hospital-acquired
pressure ulcers was 5·4% (113 of 2079). The proportion of patients with hospital-acquired ulcers related to medical
devices was 34·5% (39 of 113). Findings indicate that if a patient had a medical device, they were 2·4 times more
likely to develop a pressure ulcer of any kind. Numerous risk factors for pressure ulcer development were identified;
however, none differentiated between those with MDR and traditional pressure ulcers.
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INTRODUCTION
Skin breakdown is an unfortunate reality of the
already vulnerable hospitalised population.
Skin breakdown in the form of pressure ulcers
is defined as localised injury to the skin
and/or underlying tissue usually over a bony
prominence, as a result of pressure, or pressure
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in combination with shear (1). One source of
pressure is the medical devices used to monitor
and/or treat the patient’s condition.

Key Points

• medical device related pres-
sure ulcers develop in high-risk
patients for pressure ulcers

• medical device related pressure
ulcers represent more than one
third of pressure ulcers in acute
care

Medical devices are commonly used in
hospital settings (Table 1). The device itself
creates pressure. Humidity and heat develop
between the device and the skin changing the
microclimate of the skin. Often these devices
must be secured tightly to assure a proper
seal which, in turn, creates pressure in unusual
areas rather than the bony prominences. The
materials used to secure the device (e.g. tape,
straps) may make it difficult to inspect the
underlying skin beneath them. All of these
factors increase the risk of pressure ulcers (2).

REVIEW OF LITERATURE
Critically ill patients may be particularly vul-
nerable to medical device related (MDR) pres-
sure ulcers for a number of reasons (3). Criti-
cally ill patients often have medical devices and
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Table 1 Medical devices in use in hospital settings

Anti-embolic stockings
Cervical collars
Endotracheal tubes/commercial endotracheal tube holders
Face masks for non-invasive positive pressure ventilation
Faecal containment devices
Nasal cannulas
Pulse oximetry probes
Radial artery catheters
Sequential compression devices
Splints and braces
Urinary catheters

are often unaware of the device and/or any
pressure being applied by the device. Sedat-
ing medications, encephalopathy, neurologic
disease/injury and severe neuropathy prevent
awareness of pressure and movement in
response to tissue ischaemia. Very ill patients
are often weak and lack the strength to repo-
sition themselves. The working hypothesis
of this study was that decreased mobility,
decreased sensory perception, decreased per-
fusion and higher usage of supportive medical
devices in intensive care units (ICUs) placed
these patients at higher risk for developing
MDR pressure ulcers.

Research on pressure ulcers as a result
of medical devices is scant. Davis et al. (4)
reported that when cervical collars were in
place for less than 5 days, pressure ulcers were
present in 33% of patients. If the collar was
present for over 5 days, pressure ulcers were
present in 44% of the 99 patients, and 52% of
these ulcers were full thickness.

Wille et al. (5) reported on a prospective
study of 125 surgical ICU patients who had
their pulse oximetry monitored by a clip-
on probe. The frequency rate of the pulse
oximeter-induced injury was 5% (6 of 125).
Five patients who developed pulse oximeter-
induced injury received norepinephrine and
dopamine and one received dopamine therapy
only. This injury did not occur in any patient
who did not receive vasopressor therapy.

Pressure ulcers from non-invasive positive
pressure ventilation (NIPPV) masks have
been reported in the literature for many
years (6,7), and various dressings have been
placed under masks in an attempt to prevent
these ulcers (8,9). NIPPV requires a tight seal
of a mask over the bridge of the nose and

chin to achieve the prescribed inspiratory and
expiratory pressures.

Even if the device initially fits properly,
patients may develop oedema from fluid resus-
citation and third spacing after the device is
applied (10). Oedema can occur for a variety
of reasons and in a variety of patients. Several
situations exist in the acutely ill patient mak-
ing them susceptible to oedema. Aggressive
fluid resuscitation is used for hypovolemic,
burned and septic patients and leads to sys-
temic oedema. Localised oedema is also seen
with lymphoedema or dependent oedema with
heart failure. The oedematous skin stretches
making the skin extremely fragile and prone
to injury including pressure ulcers. Oedema
may also have an effect on the susceptibility
of deeper tissues for pressure ulcer formation.
Blood vessels in oedematous deep tissue are
compressed from the external pressure of the
oedematous fluids, and oxygen transport from
capillaries to cells is impaired in oedematous
tissue.

Medical devices can also cause oedema by
acting like a tourniquet if they do not fit
properly. The oedematous tissue is subject to
pressure-induced ischaemia and the likelihood
of pressure ulcers increases. Moisture also
causes the skin to become more fragile. In
addition, the presence of moisture enhances the
deleterious effects of friction fivefold (2,11,12).

The purposes of this secondary analysis
are to quantify the extent and nature of the
problem, identify risk factors for MDR pressure
ulcer development and explore potential
preventive strategies in hospitalised patients.
Based upon the lack of published information
of pressure ulcers related to medical devices
in hospitalised patients, the following research
questions were addressed:

1. What proportion of pressure ulcers is
related to medical devices?

2. What are the characteristics of MDR
hospital-acquired pressure ulcers
(HAPUs)?

3. Are there unique risk factors for medical-
device related pressure ulcers in hospi-
talised patients?

4. Are hospitalised patients with medical
devices at greater risk for developing
pressure ulcers?

5. Do Braden scale total scores and/or
subscale scores help differentiate between
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those with MDR pressure ulcer and those
with traditional pressure ulcers?

6. Do ICU patients have a higher rate of
MDR HAPUs than non ICU patients?

7. Is there an association between continu-
ous quality improvement (CQI) initiatives
and the number of MDR pressure ulcers
over time?

METHODS
The data used in this secondary analysis
were from a series of eight quarterly cross-
sectional point prevalence studies conducted
at The Nebraska Medical Center to monitor
prevalence and HAPU rates, risk factors and
care processes. The study was approved by the
Institutional Review Board of the University of
Nebraska Medical Center.

Settings and subjects
There were 2500 subjects included in the
original data collection effort. The inclusion
criterion for the entire data collection set was all
inpatients hospitalised on the specified survey
dates. Psychiatric and obstetric patients with
stays of less than 3 days were excluded from
data collection. Other exclusions were patients
not available because of surgery or medical
tests and those who declined participation.

A subset of adult patients in ICU, med-
ical surgical and step-down units was cre-
ated by excluding patients under the age of
17 years. This subset was used to determine
prevalence rates in adult patients. Those with
pressure ulcers on admission (n = 99) were
then excluded, resulting in a subset containing
a total of 2079 adult subjects who were pres-
sure ulcer free on admission and residing in
a critical care, step-down or medical surgical
unit on the days of the surveys. This subset
was used to analyse HAPU rates, risk factors
for HAPUs and care processes used to prevent
pressure ulcers.

Study protocol
Data collection protocol

Data collection tools for the large data set
were developed to gather data on risk factors,
preventive care processes and pressure ulcer
outcomes. All data were collected under the
direction of certified wound care nurses.
Specific instructions for data collection were
developed, including operational definitions

for all variables. Routine reliability checks were
also conducted on 5% of the sample with
reliability at 95–100%.

Secondary analysis of data subset

Prevalence and HAPU rates were determined.
Prevalence is defined as ‘the number of patients
with a pressure ulcer in a specific popula-
tion at a specific time, usually evaluated on
a one-time cross-sectional basis’ (p. 491) (13).
Hospital-acquired rates are defined as ‘the
number of patients who develop a pressure
ulcer after admission to the health care orga-
nization’ (p. 491(13)). In the study procedure,
hospital-acquired ulcers were determined by
identifying whether an ulcer was documented
on admission assessment. If no ulcer was docu-
mented on admission, any new pressure ulcers
were assumed to be hospital-acquired. Newly
acquired pressure ulcers were confirmed by
the wound nurse present on each data collec-
tion team. In accordance with epidemiological
methods, pressure ulcer rates were based on
the number of patients with pressure ulcers,
not the number of ulcers.

Descriptive statistics were used to identify
the stage and location of pressure ulcers.
Data collectors were also asked to determine
whether each ulcer was present on admission
and whether it was related to pressure from
a medical device. Additional data analysis
strategies were designed to identify risk factors
for HAPU development in this subset of adult
medical surgical and step-down unit patients.
Chi-square analyses were used to determine
statistically significant differences between
those with and without pressure ulcers for
risk factors represented as non-parametric data
(e.g. incontinence, immobility, perception).
Odds ratios and 95% confidence intervals
were determined for statistically significant
univariate risk factors. Student’s t-tests were
computed for risk factors represented by
parametric data (e.g. age, albumin levels,
Braden scores).

Compliance rates with prescribed preventive
interventions and pressure ulcer rates were
examined across the eight quarters of data
collection to determine temporal patterns
and correlations between interventions and
outcomes. Several aspects of nursing care
to inspect and protect skin beneath medical
devices were measured.
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RESULTS
Q1. What proportion of pressure ulcers is
related to medical devices?

At the time of the data collection, 1·4% of
patients had at least one MDR pressure ulcer.
In this study, 1·3% of these patients had at least
one hospital-acquired MDR pressure ulcer.
There were 83 patients in ICU with HAPUs.
They had a total of 113 pressure ulcers, and
34·5% (39 of 113) of these ulcers were related to
medical devices (Table 2).
Q2. What are the characteristics of MDR
HAPUs?

Most MDR HAPUs were stage I (35%);
however; it is important to note that 24%
were unstageable and 3% were stage III, a full-
thickness ulcer (Figure 1). The most common
locations of MDR HAPU were the ears (35%),
lower leg (11%) and heels (8%) (Figure 2). The
three most common sites for non MDR HAPUs
were sacrum-coccyx, heels and buttocks; none
was found on ears or lower leg.
Q3. Are there unique risk factors for MDR
pressure ulcers in hospitalised patients?

Table 2 Prevalence and HAPU rates: Overall and
with/without MDR Pressure Ulcers

Prevalence rate
Overall 9·7% (212 of 2178)
Excluding patients with only MDR

ulcers
8·3% (181 of 2178)

Patients with MDR ulcers 1·4%

Hospital acquired rate
Overall 5·3% (113 of 2079)
Excluding patients with only MDR

ulcers
4·0% (83 of 2079)

Patients with MDR ulcers 1·3%

MDR, medical device related.

Age, gender, admitting diagnosis, body mass
index, surgery during hospitalisation, oedema,
diabetes mellitus and serum albumin level
were analysed to determine their association
with the development of MDR pressure ulcers.
There were statistically significant differences
for these common risk factors between those
with and without pressure ulcers. However,
the unique focus of the study was to detect
differences in risk factor profiles between those
with at least one MDR ulcer and those with
traditional pressure ulcers. These two groups
shared common risk factors for HAPUs. There
were no unique risk factors that would allow
early identification of patients at risk for MDR
ulcers or differentiation between risks for MDR
and traditional pressure ulcers.
Q4. Are hospitalised patients with medical
devices at greater risk for developing pressure
ulcers?

Those patients with medical devices were
significantly more likely to develop a pressure
ulcer (χ2 = 6·98, P = 0·008). If a patient had a
medical device in place, they were 2·4 times
more likely to develop a pressure ulcer of
any kind (P = 0·10, 95% CI = 1·2–4·8). Pressure
ulcers developed on usual and unusual
body areas in patients with medical devices.
Pressure ulcers were found on the lips from
endotracheal tubes (Figure 3), on the hand
from splints (Figure 4), on the arm from arterial
line tubing (Figure 5) and on the occiput from
neck collars (Figure 6). Sometimes the medical
device seems to prevent skin assessment. In
Figure 7, a patient developed a pressure ulcer
on the heel, but it was not discovered because
of an anti-embolism stocking.
Q5. Do Braden scale total scores and/or
subscale scores help differentiate between

Figure 1. Distribution of stages of medical device related pressure ulcers. The most common stages of medical device related
pressure ulcers were stage I and II. Unstageable and deep tissue injury pressure ulcers were present.
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Figure 2. Locations of hospital acquired pressure ulcers on patients in critical care. The most common location for a medical device
related pressure ulcer was the ear. However, they occurred on many body areas.

Figure 3. Pressure ulcer on the lip from an endotracheal tube.

Figure 4. Pressure ulcer from wrist splint.

Figure 5. Pressure ulcer from arterial line tubing.

those with MDR pressure ulcers and those
with traditional ulcers?

This facility’s pressure ulcer prevention
programme is based on the areas of risk
as shown in the subscales of the Braden
scale (e.g. immobility, activity) and the total
score. Admission, current and lowest Braden
scale score in 10 days, as well as all six
subscales showed statistically lower values for
those patients with pressure ulcers. However,
significant differences in these risk profiles
were not present between groups of patients
with MDR compared with traditional pressure
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Figure 6. Occipital pressure ulcer from a cervical collar.

Figure 7. Deep tissue injury pressure ulcer on the heel. The
patient was wearing antiembolism stockings.

ulcers. Patient risk profiles for MDR and
traditional pressure ulcers are more alike than
different.
Q6. Do ICU patients have a higher rate of MDR
HAPUs than non ICU patients?

There was no significant difference in MDR
pressure ulcers between patients in critical care
units and medical/surgical or step-down units.
(Figure 8).

Q7. Is there an association between CQI
initiatives and the number of pressure ulcers
over time?

There were a number of CQI initiatives,
including skin protection under oxygen tub-
ing, development of a new pressure ulcer
protocol and changes to pulse oximeter use
policy. Figure 9 depicts the number of MDR
pressure ulcers related to the implementation
of continuous quality initiatives. The number
of MDR HAPUs decreased as these initiatives
were implemented.

DISCUSSION
Overall, MDR pressure ulcers accounted for
one third of all pressure ulcers in this sample.
Stage I and II pressure ulcers were the
most common; however, unstageable pressure
ulcers and deep tissue injury were found.
The significant numbers and seriousness of
pressure ulcer stages indicate that if MDR
pressure ulcers were prevented, the overall
incidence and prevalence rates would decline.

In this study, the specific medical device
the patient was wearing was not recorded.
However, conclusions can be made based on
the location, shape and size of the pressure
ulcer. For instance, a linear-shaped pressure
ulcer on the top of the ear can be attributed
to oxygen tubing and a small round ulcer on
the ear lobe itself can be correlated to a clip-on
oxygen saturation monitoring probe.

It was expected that the largest concentration
of MDR pressure ulcers would occur in the ICU
because of the fragile patient population and
the greater number of medical devices used
to treat and monitor these patients. However,
this study highlighted that MDR pressure
ulcers occur on progressive care/step-down

Figure 8. Locations in the hospital where medical device related ulcers were found. Pressure ulcers from medical devices occurred
in almost equal frequency in intensive care unit, step-down and general medical surgical nursing units.
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Figure 9. Continuous quality improvement efforts were associated with fewer medical device related hospital-acquired pressure
ulcers over time.

and medical surgical units at nearly the same
frequency. Reasons for the presence of MDR
pressure ulcers on general patient care units
could be that patients are lower acuity, thought
to be able to report pressure changes from
devices or that the pressure-induced changes
in the skin did not manifest until the patient
left critical care.

It was expected that risk factors using
the Braden risk tool could clearly identify
those at risk for MDR pressure ulcers, so
that appropriate preventive strategies could
be used. Analysis of the data indicated that the
risk profiles were comparable for those with
MDR and traditional pressure ulcers. The key
or critical risk factor for those with developing
MDR pressure ulcer was placement of the
medical device itself.

IMPLICATIONS FOR PRACTICE
More frequent and thorough skin and neu-
rovascular assessments must be performed on
patients with medical devices. These assess-
ments should include loosening and removing
the devices on each shift (if the patient’s med-
ical condition allows) for a thorough skin

inspection (14). Patients of particular concern
are those with a significant amount of oedema
already, those at risk for developing oedema
and immobilised patients with sensory deficits
who are unable to feel the increasing pressure
or alert the nurse that the device is painful
and tight. Pressure ulcers located on the lips,
cheeks, ear lobes, bridge of the nose, occiput,
fingertip and webbing of the thumb have no
other explanation for their development other
than a medical device.

Communication and collaboration with
other health care providers are essential to
prevent MDR pressure ulcers. Key health care
providers include occupational therapy (OT),
physical therapy, respiratory therapy (RT) and
orthopedic surgeons. OT is instrumental with
the creation of splints and braces for patients.
For example, a nurse can collaborate with OT
in developing a splint for a patient that may
include padding over bony prominences or
restructuring the brace to avoid an already
injured area. Partnership with RT is essential in
the ICU for patients on the ventilator. The endo-
tracheal tube should be moved from side to
side of the mouth every shift to assess lips, skin
on the cheeks, teeth and tongue. Face masks
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and oxygen tubing should also be removed to
inspect the skin. At this time, no protective
device is available to pad the face from NIPPV
devices; perhaps one can be created. Many
medical devices in use today have not been
redesigned for years; it may be a good time to
work with the manufacturers to improve the
designs of the devices.

Any tube can create pressure no matter
where it is. Finding the tube and checking the
skin around it is essential to quality nursing
care. While positioning a patient, the key is to
know where each tube or monitoring device is
and to be certain that the patient is not lying on
it. Each and every tube and/or medical device
is the nurse’s responsibility to make sure it
does not harm the patient.

CONCLUSION
The findings from this study confirm that MDR
pressure ulcers are a significant problem in
the health care industry. Future research on
this subject should test the previously stated
nursing implications to ascertain their impact
on the number of MDR pressure ulcers. Future
research could also illuminate how long any
device can be in place before it needs to be
moved or removed to examine the skin. Specific
devices and their unique risk could also be
explored.

Medical devices can cause pressure ulcers.
This study reported that one third of all
pressure ulcers in patients were from medical
devices. Interventions that could protect the
patient from pressure related injury were
discussed.
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