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ABSTRACT
OBJECTIVE: To examine the prevalence and characteristics of

medical deviceYrelated pressure injuries (MDR PIs) in a large,

generalizable database.

METHODS: This study is a retrospective analysis of the 2016

International Pressure Ulcer Prevalence data. Data were limited

to US and Canadian facilities. Facilities included acute care,

long-term care, rehabilitation, long-term acute care hospitals, and

hospice. Analysis included 102,865 adult patients; 99,876 had

complete data and were the focus of the analysis and are

reported in the results below.

RESULTS: The overall PI prevalence was 7.2% (n = 7189), and

the facility-acquired prevalence was 3.1% (n = 3113). The

prevalence of MDR PIs was 0.60% (n = 601), which included both

mucosal and nonmucosal MDR PIs. In this study, 75% of MDR PIs

were facility acquired, whereas non-MDR PIs were most

commonly present on admission. Facility-acquired MDR PIs

formed 3 days faster than facility-acquired non-MDR PIs

(12 vs 15 days; P G .05). By stage, most MDR PIs were superficial

(58% were Stage 1 or 2), 15% were deep-tissue PIs, and 22%

were full-thickness PIs (Stage 3 or 4 or unstageable). The most

common anatomic locations for MDR PIs were the ears (29%)

and the feet (12%). The most common devices associated with

MDR PIs were nasal oxygen tubes, 26%; other, 19%; cast/splints,

12%; and continuous positive airway pressure/bilevel positive

airway pressure masks, 9%.

CONCLUSIONS: Because MDR PIs form faster than non-MDR PIs,

timely proactive assessment and prevention measures are

critical. Most MDR PIs occurred at the face and head region, and

the ears specifically. The most common devices linked with MDR

PIs were oxygen tubing and masks, making assessment and

prevention efforts critical for patients who require those devices.

KEYWORDS: facility-acquired pressure injury, medical

deviceYrelated pressure ulcer, medical deviceYrelated pressure

injury, pressure injury prevalence, pressure ulcer prevalence,

pressure injury incidence, pressure ulcer incidence
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INTRODUCTION
Medical devices are an integral part of care of persons in all

healthcare settings. Some medical devices such as endotracheal

tubes are found primarily in acute care, whereas other devices

such as oxygen masks, urinary catheters, cervical collars, trache-

ostomy tubes/ties, compression stockings, and nasogastric tubes,

to name a few, are found across care settings. Pressure injuries

(PIs) that form because of medical devices are a clinical phenom-

enon that deserves the attention of healthcare professionals.

The National Pressure Ulcer Advisory Panel (NPUAP) has

been instrumental in raising awareness of the PIs that are caused

by medical devices. In 2016, the NPUAP defined a medical deviceY

related PI (MDR PI) as arising “from the use of devices designed

and applied for diagnostic or therapeutic purposes. The resultant

pressure injury generally conforms to the pattern or shape of

the device.”1 The NPUAP also distinguished MDR PIs from PIs

found on the mucosal membrane; these are PIs that are “found

on mucous membranes with a history of a medical device in

use at the location of the ulcer.”1,2 Both definitions indicate that

the etiology of the PI is associated with a medical device,2 but

the key difference is that mucosal PIs cannot be staged because,

unlike skin, mucosa does not have keratinized epithelium.

As a call to action to prevent MDR PIs, the NPUAP has pub-

lished 4 educational posters detailing MDR PI prevention best

practices. These are available for free download from its website,
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www.npuap.org.3 Moreover, the NPUAP 2014 Clinical Practice

Guideline4 included recommendations on identifying patients

at risk of MDR PIs, how to assess those patients, and how to pre-

vent MDR PIs. This was an advancement from the 2009 guideline

that had only 1 recommendation on MDR PIs associated with

repositioning techniques.5

The Wound, Ostomy and Continence Nurses Society included

recommendations about medical devices in its 2017 position pa-

per on unavoidable PIs; it proposed that research was needed to

“investigate device-related pressure ulcers across the lifespan in

all healthcare settings” and “conduct studies to describe device-

related injuries and determine the risk factors as a basis for develop-

ing risk assessment tools, best practices, quality improvement

initiatives, and safe material to prevent the injuries.”6 This study

responds to this call for research by examining the prevalence and

characteristics of MDR PIs. This includes investigating the likelihood

of the PI to be present on admission or facility acquired and the dis-

tribution of MDR PIs by PI stage, anatomic location, and device type.

Literature Review
Prevalence and incidence data about PIs have been reported in

the literature.7Y15 VanGilder et al13 recently reported a decrease

in both overall and facility-acquired PIs from an analysis of the

International Pressure Ulcer Prevalence (IPUP) survey. The over-

all prevalence of PIs in all US healthcare settings decreased from

13.5% in 2006 to 9.3% in 2015, and in acute care, the overall PI

prevalence was 13.3% in 2006, decreasing to 9.3% in 2015. The

prevalence of facility-acquired PIs in all US healthcare settings

decreased from 6.2% in 2006 (6.4% in acute care) to a range of

3.1% to 3.4% (2.9% in acute care in 2015) in the 2013 to 2015 pe-

riod. A further analysis of these data demonstrated that while

facility-acquired Stage 1 or 2 (or superficial) PIs have decreased

in prevalence from 3.7% (2011) to 2.9% in 2015,13 full-thickness

PIs (Stages 3 and 4, deep-tissue PI [DTPI], and unstageable)

have remained constant, about 0.9% to 1.2% (2011 to 2016).16

Prevention of any PI, including those arising from medical

devices, is desirable. To gauge the success or failure of PI preven-

tion, facilities must assess their own incidence and prevalence

rates and track changes in those numbers over time. Knowing

the overall prevalence rates of MDR PIs allows facilities to bench-

mark and track their performance as it compares with other like

facilities. However, finding information on MDR PIs for bench-

marking purposes is difficult. The 2 NPUAP publications on PI

prevalence and incidence do not have a dedicated chapter on

MDR PIs, requiring researchers to look for information on

MDR PIs throughout each chapter.10,11 Services such as the IPUP

survey allow facilities to track their own prevalence over time and

compare their numbers with similar facilities and unit types.

There is limited information about MDR PIs.11,16Y26 In 2009,

VanGilder et al12 reported data from the 2009 IPUP survey of

86,932 US acute care patients who had 17,911 PIs; of those

PIs, 9.1% (n = 1631) were device related. This study also found

that 785 of the MDR PIs (48%) were facility acquired.12 The

most common locations for these MDR PIs were the ear (20%),

sacral/coccyx region (17%), heel (12%), and buttocks (10%).12

Apold and Rydrych20 analyzed 255 PIs (Stage 3, Stage 4, or

unstageable) reported as adverse events from acute care hospitals

in their 2012 study of the Minnesota SAFE Skin initiative.20 They

reported that just under one-third (29%) of the serious PIs were

device related.20 The types of devices that were associated with

development of MDR PIs were cervical collars or braces (22%),

other types of immobilizers (17%), oxygen tubing (13%), stock-

ings or boots (12%), and nasogastric tubes (8%).20 They also ex-

amined the stage of the MDR PI when it was discovered and

found that more than half (53%, n = 39) were unstageable, 5.4%

(n = 4) were Stage 1, 20% (n = 15) were Stage 2, 20% (n = 15) were

Stage 3, and 1.4% (n = 1) were Stage 4.20

The 2010 retrospective study by Black et al21 from a single

medical center in the United States reported that 5.3% of patients

(113 of 2079) in critical care, step-down, or medical-surgical units

developed facility-acquired PIs. They found that 1.3% of the pa-

tients studied had at least 1 facility-acquired MDR PI.21 Of the

facility-acquired MDR PIs, 5% were Stage 1, 32% were Stage 2,

24% were unstageable, 6% were DTPIs, and 3% were Stage 3.21

They did not observe any Stage 4 PIs.21

Coyer et al22 studied MDR PIs in a 2013 prospective study of

483 intensive care unit (ICU) patients conducted in Australia and

the United States. The prevalence of MDR PIs was 3.1%, and

most MDR PIs were associated with endotracheal or nasogastric

tubes.22 A 2015 study by Schallom et al23 in Missouri found

that the type of oxygen mask used made a difference in PI devel-

opment. In fact, 20% of patients with a nasal-oral mask devel-

oped PIs, compared with only 2% of patients who used full-face

masks.23

Amirah and colleagues24 studied 431 adult ICU patients in a

large tertiary care acute care hospital in Saudi Arabia. Of these,

115 patients (26.7%) had at least 1 MDR PI. The total number

of all PIs was 395; 128 of these were medical device related

(32.4%). The devices associated with these MDR PIs were endo-

tracheal tubes (37%), Foley catheters (37%), neck collars (12.5%),

nasogastric tubes (9.4%), traction equipment (1.6%), and “other”

devices. The types of devices reported in this study were similar to

Coyer et al22; however, the prevalence in this study was quite a bit

higher than both Black et al21 and Coyer et al.22

Arnold-Long et al25 reported a study of MDR PIs in 3 geo-

graphically diverse long-term acute care hospitals, which are
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specialty hospitals that commonly serve as a bridge for medically

complex patients between ICU discharges and rehabilitation ad-

missions. There were 142 MDR PIs that occurred over 1 year,

which comprised 47% of the 304 hospital-acquired PIs in the

study.25 Across the 3 locations, Stage 2 PIs represented most of

the MDR PIs (51%); Stage 1 and DTPI both represented 18% of

the sample; Stage 3, 7%; unstageable, 6%; and no Stage 4 MDR

PIs were reported.25 The types of devices associated with MDR

PIs were splints and braces (20%), oxygen tubing/continuous

positive airway pressure (CPAP)/bilevel positive airway pressure

(BiPAP) devices (15%), tubing associated with urine or fecal man-

agement (15%), heel relief devices (8%), percutaneous endoscopic

gastrostomy tubing (6%), and “other” devices (35%).25

Medical deviceYrelated PIs can occur on mucosa or skin.1,2,26

However, the other articles in this review did not distinguish

between MDR PIs on the mucosa versus skin, meaning there is

even less information on the prevalence of these types of MDR

PIs. The best indicator of what percentage of PIs are on the mu-

cosa is from the Minimum Data Set (MDS 3.0), which is published

by the Centers for Medicare & Medicaid Services (CMS). 27,28 The

CMS requires long-term care facilities to report PI data.27,28 Prev-

alence numbers for all PIs are recorded in MDS 3.0 in sections

M0210-M0900 on skin conditions.28 The prevalence of all un-

healed PIs in the first quarter of 2017 was 7.5%.28 However, the

CMS does not separately report the prevalence of MDR PIs in

sections M0210-M0900.28 The CMS does, however, report PIs

on oral mucosa in a different section of the MDS (L0200C) and

reported that PIs on oral mucosa had a prevalence of 0.2%.28

However, this prevalence included more than MDR PIs on the

mucosa; it also includes oral masses and lesions such as those

that form under dentures.28 Therefore, this number might provide

an inflated estimate of MDR PIs on the mucosa, and the number of

MDR PIs in long-term care as reported by CMS on either mucosa or

skin is still unknown.

Medical deviceYrelated PIs are an important problem in the

pediatric population.29Y32 Fujii et al29 studied PI risk factors and

rates in 7 neonatal ICUs in Japan. Of the 14 PIs that developed

in 13 infants, 7 were located on the nose.29 Data by Boesch et al30

from a children’s hospital in the United States reported a reduc-

tion of MDR PIs in children with tracheostomies from 8.1% to

2.6% during implementation of a prevention care bundle and ul-

timately to a low of 0.3% after bundle implementation. A 2014

study of 741 neonatal ICU patients in a children’s hospital in

the United States reported 28 patients developed PIs where 39

were caused by medical devices (79.6%).31 Infants who were born

earlier (ie, fewer weeks of gestation) were more likely to have

MDR PIs compared with infants with non-MDR PIs or conven-

tional PIs.31-33

Given the small sample sizes of the few studies described

previously, this study contributes to the literature by providing

an in-depth analysis of MDR PIs using a large, robust sample

of patients across healthcare settings with facility-acquired

MDR PIs and MDR PIs present on admission. Because prevention

and treatment guidelines are different for pediatric populations,32

this study focused on adult populations.

METHODS
International Pressure Ulcer Prevalence Survey
The IPUP survey has been conducted since 1989.7 It is an in-

ternational, voluntary survey to enable facilities to benchmark

and track their PI prevalence rates against other, similar facilities.

Originally, only acute care hospitals participated, but current data

include acute care hospitals, long-term acute care hospitals, long-

term care, and rehabilitation facilities. The survey has grown over

the years from 148 facilities and 34,987 patients participating in

1989 to approximately 1000 facilities surveying approximately

100,000 patients per year. In 2007, “medical deviceYrelated pres-

sure ulcers” (now injuries) were added to the survey form. In

2016, a field to indicate the type of device that caused the MDR

PI was added. The list of the devices that the survey responder

had available to choose from included:

1R endotracheal tube

2R nasogastric tube

3R cast/splint

4R nasal oxygen (nose)

5R nasal oxygen (ears)

6R CPAP/BiPAP mask

7R halo

8R sequential compression device

9R cervical collar

10R tracheostomy neck plate

Methods and early results from IPUP surveys have been pre-

viously published.7,12Y16 However, IPUP data on MDR PIs have

not been published since 200812 and were therefore the focus of

this study. Analyses were performed on the preexisting database

and limited to adult patients/residents (918 years old) who were

hospitalized or resided in US or Canadian facilities. Analyses

were limited to 2016 data, which allowed correlation between

MDR PI and the type of device thought to be associated with

the injury. To account for patients with multiple PIs, there were

2 types of analyses performed: (1) a patient-level analysis, and

(2) a PI-level analysis. These analyses were further limited to pa-

tients for whom the survey responder completed data regarding

the stage of the PI, the anatomic location of the PI, and whether

the PI was present on admission or facility acquired. To analyze

which devices were most frequently associated with MDR PIs,
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MDR PIs for which the survey responded did not list a device

were coded as “other/unknown.”

Primary analyses consisted of summary statistics (eg, counts,

percentages, averages, and SDs). A t test was used to compare

MDR PIs to non-MDR PIs based on days until facility-acquired

PIs developed. W2 tests were used to determine whether the dis-

tribution of MDR PIs versus non-MDR PIs was significantly dif-

ferent by care setting, whether the PI was present on admission

or facility acquired, injury stage, and anatomic location. Signifi-

cance was set to .05 for all analyses. This study was reviewed by

the Schulman institutional review board (reference #201701754)

and found to be exempt.

RESULTS
The 2016 survey included 117,988 patients in 1115 facilities. Lim-

iting the data set to US and Canadian adults yielded 102,865

patients (Table 1). Of these, 10,179 patients had PIs, for an overall

prevalence of 9.9%. Facility-acquired PI prevalence was 3.7% (n =

3763). The MDR PI prevalence for all subjects, regardless of whether

or not they had complete data, was 0.65% (n = 668).

Because the surveys are self-reported, some of the data fields

were not completed for some subjects. Therefore, to further

analyze the data, subjects were limited to those who had complete

data for PI stage, anatomic site, and whether the PI was facility

acquired or present on admission. This yielded 99,876 patients;

7189 had a PI, and 601 patients had an MDR PI (0.60%

prevalence).

Data comprised patients from acute care units (89%), long-

term care (5.8%), rehabilitation units (3.5%), long-term acute

care hospitals (1.4%), and hospice units (0.2%). The MDR PI

prevalence by care setting is reported in Table 2. A W
2 test

found that the prevalence of MDR PIs was significantly differ-

ent across care settings (W2 = 91, P G .001). More specifically, a

t test of proportions found that the prevalence of MDR PIs was

significantly greater in long-term acute care hospitals than in

acute care facilities (P G .001). However, there were very few

MDR PIs in long-term care, rehabilitation, long-term acute

care hospitals, and hospice care settings, and thus any analyses

examining the differences in prevalence or characteristics of

MDR PIs should be interpreted with caution. For this reason,

all other characteristics are reported for all care settings and

not separately.

The PI-level analysis included 16,931 PIs in the total sample

and 11,651 PIs that had complete data. Of those, 804 were

identified as MDR PIs.

Present on Admission Versus Facility Acquired
Of the 804 MDR PIs, 75% (n = 604) were facility acquired, and

25% (n = 200) were present on admission. Of the 10,847 non-

MDR PIs, 35% (n = 3825) were facility acquired, and 65% (n =

7022) were present on admission (Table 1 and Figure 1). The

MDR PIs were 2.1 times more likely to be facility acquired than

non-MDR PIs. A W
2 test revealed that the distributions shown

in Figure 1 are significantly different from each other (W2 = 505,

P G .001).

Survey responders were asked to report the number of days

the patient was in the facility before the facility-acquired PI was

discovered. A t test found that facility-acquired MDR PIs formed

on average 3 days faster than non-MDR facility-acquired PIs (t =

2.1, P G .05; Table 3). The average number of days recorded before

a non-MDR facility-acquired PI formed was 15 (SD, 22) days, but

the average number of days recorded before a facility-acquired

MDR PI formed was 12 (SD, 16) days (Table 3). The sample sizes

for this analysis are reduced because the survey responders occa-

sionally did not fill in the number of days before a facility-

acquired PI was discovered.

Stage
The total number of PIs are broken out by stage in Table 4 and

visualized in a bar graph in Figure 2. Of the 10,847 non-MDR PIs

identified, the most frequent stage was Stage 2 (32%), followed

Table 1.

DATA SAMPLE

All
Patients

Facility
Acquireda

Present on
Admissiona

Patient level analysis: unfiltered data
No. of patients 102,865
No. of patients with any PI 10,179 3763 6463
Overall PI prevalence, % 9.9 3.7 6.3
No. of patients with an MDR PI 668 499 158
MDR PI prevalence, % 0.65 0.49 0.15

PI level analysis: unfiltered data
No. of PIs 16,931 5370 10,817
No. of MDR PIs 895 660 213
MDR PI, % 5.3

Patient level analysis: filtered for complete data for stage, anatomic site, and
whether PI was facility acquiredb

No. of patients 99,876
No. of patients with any PI 7189 3113 4354
Overall PI prevalence, % 7.2 3.1 4.4
No. of patients with a MDR PI 601 455 150
MDR PI prevalence, % 0.60 0.46 0.15

PI level analysis: filtered data
No. of PIs 11,651 4,429 7222
No. of MDR PIs 804 604 200
MDR PIs, % 6.9

Abbreviations: MDR PI, medical deviceYrelated pressure injury; PI, pressure injury.

The sample was limited to adult patients (Q18 years) surveyed in US and Canadian facilities.

Summary statistics are presented in total and then limited to subjects or PIs that have complete data.
aThe sum of facility-acquired and present on admission will not equal the all patient total

because (1) some patients have both facility-acquired PIs and present on admission PIs, and

(2) some patients are missing information on whether the PI was facility acquired.
bIf survey responders did not select MDR, it is assumed that it was not an MDR PI.
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by Stage 1 (20%), then unstageable PIs (15%), DTPIs (13%),

Stage 3 (9.4%), Stage 4 (9.1%), and indeterminable PIs (those

of unknown stage; 0.85%). Of the 804 MDR PIs identified, the

most frequent stage was also Stage 2 (32%), followed closely by

Stage 1 (28%), then DTPIs (15%), then unstageable PIs (13%),

Stage 3 (7.5%), indeterminable PIs (3.7%), and Stage 4 (1.4%).

Notably, MDR PIs are more likely to be classified as Stage 1

(28% vs 20%), but less likely to be classified as Stage 4 (1.4% vs

9.1%). A W
2 test reveals that the distributions across the stages

differ significantly for MDR PIs as compared with all non-MDR

PIs (W2 = 146, P G .001). Importantly, as per the NPUAP,

nonmucosal PIs cannot be staged, which might explain the rela-

tively high percentage of indeterminable PIs in this analysis.

Anatomic Site
Tabulations of both non-MDR PIs and MDR PIs by anatomic

location of the wound are presented in Table 5 and visualized in

a pie chart in Figure 3. Of the 10,847 non-MDR PIs identified,

the most frequent PI anatomic sites were the pelvic area (60%),

followed by the lower extremities (33%), the back (2.5%), the

upper extremities (1.8%), and the face/head (1.3%). The

remaining 1.4% were recorded as “other.” Of the 804 MDR PIs

identified, the most frequent wound locations were on the face

and head (51%)Vthe ears (29%) and nose (10%) specifically.

This was followed by the other location groups: the lower extrem-

ities (27%), the pelvic area (7.5%), the upper extremities (3.0%),

and the back (1.5%). The remaining 10% were recorded as “other.”

Notably, more than half (51%) of MDR PIs are located on

the head or face, but only 1.3% of non-MDR PIs are in those

areas. Most of the MDR PIs on the face or head were on the

ears (29%, n = 230). A W
2 test reveals that the distributions

across the locations do differ significantly for MDR PIs as com-

pared with all non-MDR PIs (W2 = 4800, P G .001).

Device Type
If survey responders identified a PI as device related, they were al-

so instructed to identify what device was associated with the PI.

In some cases, no device was chosen and these PIs were coded

as “other or unknown” devices. Tabulations of MDR PIs by de-

vice type are listed in Table 6. The MDR PIs were most frequently

associated with nasal oxygen devices (32%, n = 258), where 26%

(n = 213) were associated with how the device interacted with the

ears, and the other 5.6% (n = 45) were associated with how the

device interacted with the nose. The next most frequent devices

listed were casts and splints (12%), followed by CPAP or BiPAP

masks (9.0%), then sequential compression devices (7.7%), endo-

tracheal tubes (7.5%), tracheostomy neck plates (5.5%), nasogas-

tric tubes (5.0%), and finally cervical collars (2.4%). No MDR PIs

were associated with halo devices, and 19% of MDR PIs did not

have a device filled out on the survey and so were coded as other

or unknown.

Table 2.

ANALYSIS BY CARE SETTING

Setting
No. of
Patients

Percent of
Sample

No.
of MDR
PIs

MDR PI
Prevalence, %

Acute care 88,896 89 527 0.59
Long-term care 5838 5.8 17 0.29
Rehabilitation 3545 3.5 21 0.59
Long-term acute
care hospital

1429 1.4 35 2.45

Hospice 168 0.2 1 0.60

All settings 99,876 100 601 0.65

Abbreviation: MDR PI, medical device-related pressure injury.

Figure 1.

PERCENTAGE OF PRESSURE INJURIES PRESENT ON ADMISSION VERSUS FACILITY ACQUIRED

Abbreviation: MDR PI, medical-device related pressure injury.
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Most MDR PIs are facility acquired; however, there are var-

iations by device. For instance, of the 60 MDR PIs associated

with endotracheal tubes, 90% (n = 54) were facility acquired.

However, of the 44 MDR PIs associated with tracheostomy neck

plates, only 59% (n = 26) were facility acquired. A stacked bar

graph displays the differences (Figure 4).

DISCUSSION
Because this study’s sample represents many care settings (aca-

demic medical centers, community hospitals, long-term care fa-

cilities, long-term acute care hospitals, rehabilitation, and even

hospice units), it is challenging to compare results with more nar-

rowly defined settings. This broader representation might have

resulted in a lower overall prevalence of MDR PIs of 0.60%. This

was lower than the 1.4% reported by Black et al21 in an academic

acute care medical center that was limited to patients without a PI

present on admission. It was also lower than the 3.4% in ICU pa-

tients reported by Coyer et al22 and the 26.7% reported by

Amirah et al.24 The lower prevalence might also reflect the

positive impact of the NPUAP’s effort to raise awareness of

MDR PIs and the impact of successful PI prevention efforts.

Study authors did find preliminary evidence of differences in

prevalence of MDR PIs across care settings (Table 2). However,

these results should be interpreted with caution because the sam-

ple sizes of MDR PIs in nonYacute care settings were small. Sim-

ilar to past studies of MDR PIs, these prevalence numbers do not

distinguish between MDR PIs on the skin versus those on the

mucosa. Future work should take this into account and report

prevalence of both types of MDR PIs. The IPUP survey has been

reworded such that this will be possible going forward.

There are different levels of analysis available to authors to

determine the impact of a specific PI type. In a previous IPUP

study,12 the relative proportion of all identified PIs (multiple PIs

per patient are counted) that were MDR PIs was reported at

9.1% in acute care settings (2009 data), which was higher than

the current study (6.9% of all documented PIs in a generalized

care setting). In addition, 48% of MDR PIs were facility acquired

in the previous analysis, as compared with 75% of MDR PIs in

this study. These results may differ because of the addition of

postYacute care settings. However, in the 2016 IPUP data, acute

care settings made up 89% of the sample, so it is unlikely that

the additional care settings explain the entire difference. Longitu-

dinal studies are needed to know whether MDR PI prevalence

has decreased over time and whether that decrease can be attrib-

uted to increased education and/or better guidelines from the

NPUAP regarding MDR PIs.2 Moreover, the present study in-

cluded data from Canada as well as the United States, and future

research is needed to know whether the inclusion of a section on

medical devices in the newly released best practice guideline by

Wounds Canada will also have an impact on MDR PI prevalence

in Canada.34

The present study found that MDR PIs were more likely to be

facility acquired than non-MDR PIs (75% vs 25%). VanGilder

et al12 found that 48% of the MDR PIs from the 2009 acute care

IPUP data (785 of 1631) were facility acquired. Again, the present

study included more than acute care settings, which might account

for this difference. Study authors also found that facility-acquired

MDR PIs developed faster during the course of admission than

non-MDR facility-acquired PIs (12 vs 15 days, P G .05). This find-

ing is new to the literature and highlights the importance of iden-

tification of patients at risk of MDR PIs and implementation of

prevention strategies.

By stage, MDR PIs had higher percentages than non-MDR PIs

in the following categories: Stage 1 (28% vs 20%), DTPIs (15% vs

13%), and indeterminable (3.7% vs 0.85%). The MDR PIs had

lower percentages in the following categories: Stage 2 (30% vs

32%), Stage 3 (7.5% vs 9.4%), Stage 4 (1.4% vs 9.1%), and

unstageable PIs (13% vs 15%). The percentage of MDR PIs

reported as an “indeterminable” stage might reflect the fact that

PIs on the mucosa cannot be staged. The 2016 survey data form

Table 3.

T TEST EXAMINING TIME UNTIL
FACILITY-ACQUIRED PRESSURE INJURY
FORMED BY MEDICAL DEVICE-RELATED
STATUS

Average No. of Days SD Sample

Non-MDR PIs 15 22 2998
MDR PIs 12 16 414
Total 14 22 3412

t 2.1
P .034

Abbreviation: MDR PI, medical device-related pressure injury.

Table 4.

PRESSURE INJURIES BY STAGE

Stage Non-MDR PIs
% of

Non-MDR PIs MDR PIs
% of

MDR PIs Total

Stage 1 2194 20 229 28 2423
Stage 2 3491 32 243 30 3734
Stage 3 1016 9.4 60 7.5 1076
Stage 4 985 9.1 11 1.4 996
DTPI 1395 13 124 15 1519
Indeterminable 92 0.85 30 3.7 122
Unstageable 1674 15 107 13 1781

Total 10,847 100% 804 100% 11,651

Abbreviations: DTPI, deep-tissue pressure injury; MDR PI, medical deviceYrelated pressure

injury.
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did not include an option for mucosal PI. This is problematic be-

cause survey coordinators may have opted to mark mucosal PIs

as indeterminable, or they might have left the stage field blank.

If they left the field blank, they would have been dropped from

this analysis for incomplete data. This revelation led to the deci-

sion to discontinue the indeterminable option on the data form

and replace it with a field for PIs on the mucosal membrane for

future IPUP surveys.

In their studies of facility-acquired MDR PIs, Black et al21

and Arnold-Long et al25 found that most MDR PIs were either

Stage 1 or Stage 2 PIs. This corresponds with these results that

most MDR PIs were Stage 1 (20%) or Stage 2 (32%). However,

it is important to note that this study included present on ad-

mission and facility-acquired MDR PIs. Because of this study’s

large sample, this research found 1.4% of MDR PIs were Stage

4, unlike Black et al21 and Arnold-Long et al25 who did not

find any Stage 4 facility-acquired MDR PIs.

This study found that most MDR PIs (51%) were located on

the face, head, or neck, with 29% on the ears specifically.

Apold and Rydrych20 found that 70% of MDR PIs were located

on the face. That study included only MDR PIs that were cate-

gorized as Stage 3, Stage 4, or unstageable, whereas the present

study included all stages, which might have accounted for the dif-

ference in the locations. Future research is needed to explore the

relationship between location and severity of the PI. Black et al21

found that the ears were the most common location (35%),

which is similar to the result in the present study that ears were

the most common location (230 of the 804 MDR PIs, or 29%).

The devices most commonly associated with MDR PIs were

nasal oxygen tubes, which affected both the ears and nose for

a total of 32%. The results of the present study differ from ICU

studies reported by both Coyer et al22 and Amirah et al,24

which found endotracheal or nasogastric tubes to be the most

common devices related to PIs. In the present study, endotra-

cheal and nasogastric tubes comprised 7.5% and 5.0% of the

MDR PIs, respectively, across all care settings. Of the MDR

PIs captured in this study, 28% were recorded in ICU settings,

as opposed to the aforementioned studies,22,24 which exclu-

sively studied ICU settings. It is likely that a generalized pop-

ulation uses different devices than the ICU population.

The current study results also differed from Apold and

Rydrych,20 who reported that the most common devices asso-

ciated with serious PIs in acute care were cervical collars or

braces (22%). The present study found that cervical collars

were the second least frequent device related to an MDR PI

(2.4%). This difference is possibly linked with the differences

in stages of PIs included in the analysis. Apold and Rydrych20

analyzed only serious PIs (Stage 3, Stage 4, or unstageable). In

the present study, Stage 3, Stage 4, and unstageable MDR PIs

made up only 22% of the 804 MDR PIs in the sample.

Figure 2.

PERCENTAGE OF PRESSURE INJURIES BY STAGE

Abbreviations: DTPI, deep-tissue pressure injury; MDR PI, medical device-related pressure
injury.

Table 5.

PRESSURE INJURIES BY ANATOMIC
LOCATION

Location Non-MDR PIs % MDR PIs %

Face/head 143 1.3 408 51
Ears 5 0.05 230 29
Nose 2 0.02 83 10
Neck 89 0.82 41 5.1
Cheeks 2 0.02 25 3.1
Chin 4 0.04 11 1.4
Forehead 8 0.07 9 1.1
Occiput 33 0.30 9 1.1

Lower extremity 3605 33 216 27
Foot 863 8 93 12
Legs 369 3.4 83 10
Heel 2074 19 36 4.5
Trochanter 299 2.8 4 0.50

Pelvic area 6477 60 60 7.5
Buttocks 1819 17 28 3.5
Sacrum/coccyx 4154 38 25 3.1
Ischium 454 4.2 7 0.87
Scrotum 50 0.46 0 0.00

Upper extremity 191 1.8 24 3
Arms/hands 191 1.8 24 3
Back 274 2.5 12 1.5

Back 214 2 9 1.1
Scapula 60 0.55 3 0.37

Other 157 1.4 84 10

Total 10,847 100 804 100

Abbreviation: MDR PI, medical deviceYrelated pressure injury.
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Future research is needed to explore the relationship be-

tween type of device and the depth of tissue involved of the

MDR PI; certain devices might be associated with higher PI

numerical stages. Unfortunately, the IPUP survey did not col-

lect data on the use of medical devices for patients who did

not have an MDR PI. Therefore, it was not possible to examine

the percentage of patients with a given device who developed

an MDR PI. As the relative proportion of those patients using

nasal oxygen tubing in the studied care settings to those who

developed MDR PIs is unknown, it cannot be known whether

they are more of a causative device than other device types.

This study has some important clinical implications because

the devices that have been identified as associated with MDR

PIs are very common in clinical practice. This study found that

in a generalized, large database of patients, the most common

anatomic PI sites were the ears, and the most commonly associ-

ated devices were nasal oxygen tubes. However, previous studies

have shown that the devices most commonly associated with

MDR PIs vary substantially with care setting. To enable standard-

ization, future work should capture the number of patients with

each type of device and how many of them later developed an as-

sociated MDR PI. This percentage would standardize results

across care settings by accounting for how frequently (or infre-

quently) certain devices are used in different care settings.

This study also found that it is particularly critical to be pro-

active in assessing MDR PIs, because facility-acquired MDR PIs

form faster than facility-acquired non-MDR PIs. Providers must

select devices that protect the skin whenever possible, apply the

Figure 3.

MEDICAL DEVICEYRELATED PRESSURE INJURIES BY ANATOMIC LOCATION

Table 6.

MDR PIs POA VS FA BY DEVICE

Device MDR PIs Percent Overall FA Percent FA POA Percent POA

Nasal Oxygen Ears 213 26 175 82 38 18
Other or Unknown 154 19 91 59 63 41
Cast/Splint 95 12 65 68 30 32
Airway Pressure Mask 72 9.0 62 86 10 14
Sequential Compression Devices 62 7.7 43 69 19 31
Endotracheal Tube 60 7.5 54 90 6 10
Nasal Oxygen Nose 45 5.6 36 80 9 20
Tracheostomy Neck Plate 44 5.5 26 59 18 41
Nasogastric Tube 40 5.0 35 88 5 13
Cervical Collar 19 2.4 17 89 2 11
Halo 0 0.0 0 V 0 -

Total 804 100 604 75 200 25

Abbreviations: FA, facility acquired; MDR PI, medical deviceYrelated pressure injury; POA, present on admission.
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right device and apply it appropriately, assess the skin/tissue

under the device frequently, and mitigate any early signs of PI.

Limitations
There are several important limitations to this work. First, the

survey teams had limited options regarding the device field

for MDR PIs. The survey should have included an “other” or

“unknown” device option, which would have allowed researchers

to determine whether the survey responder did not know the type

of device or if they left the question blank for some other reason.

Second, choices for anatomic sites did not include “lips” or

“mouth” to yield more information about the location of MDR

PIs, particularly of those that were likely to be a mucosal PI.

Third, survey coordinators could choose “indeterminable” as

a PI stage. This category might have included mucosal PIs;

however, interpretation is limited because the intent of the

survey coordinator was not captured in the form. Relatedly,

mucosal PI was not listed as a staging category to allow the

nonstaged mucosal PIs to be correctly recorded. Mucosal PIs

have been added in the 2017 survey.

Fourth, only adults were included in this analysis, and further

research is warranted in the pediatric population.

Fifth, the IPUP survey focuses primarily on acute care settings,

and therefore, these sample sizes from each setting were quite

small, making it infeasible to examine differences in characteris-

tics of MDR PIs across care settings. Studies using large samples

from nonYacute care settings are needed to know whether these

results can be generalized beyond acute care.

Finally, the current analysis was limited to self-reported data

from facilities that choose to participate in the IPUP survey. There

might be differences in mandated reporting versus voluntary

reporting of PIs.

CONCLUSIONS
Medical devices are common in all clinical environments, and

their use is associated with the formation of MDR PIs.1,2 This

study found that the prevalence of MDR PIs was 0.6%, which

was lower than previously reported. The lower prevalence might

reflect the positive impact of the NPUAP’s effort to raise aware-

ness of MDR PIs and the impact of successful PI prevention

efforts. Most MDR PIs were facility acquired (75%) and were

commonly located on the ears (29%) and the feet (12%). The

devices most commonly associated with MDR PIs were nasal

oxygen tubes (32%), which affect both the ears and the nose.

Finally, this study reinforces existing guidelines on the early

assessment and treatment of MDR PIs4 by finding that facility-

acquired MDR PIs form on average 3 days faster than facility-

acquired non-MDR PIs.&
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