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ABSTRACT
PURPOSE:  The purpose of this study was to describe medical device–related pressure injuries (MDRPIs) in hospitalized 
pediatric patients.
DESIGN: A prospective, descriptive study.
SAMPLE/SUBJECTS AND SETTING: The sample comprised 625 patients cared for in 8 US pediatric hospitals. Participants 
were aged preterm to 21 years, on bed rest for at least 24 hours, and had a medical device in place.
METHODS: Two nursing teams, blinded to the other’s assessments, worked in tandem to assess pressure injury risk, type of 
medical devices in use, and preventive interventions for each medical device. They also identified the presence, location, and 
stage of MDRPI. Subjects were observed up to 8 times over 4 weeks, or until discharge, whichever occurred first.
RESULTS: Of 625 enrolled patients, 42 (7%) developed 1 or more MDRPIs. Two-thirds of patients with MDRPIs were younger 
than 8 years. Patients experiencing MDRPIs had higher acuity scores on hospital admission, were more frequently cognitively 
and/or functionally impaired, or were extreme in body mass index. Respiratory devices caused the most injuries (6.19/1000 
device-days), followed by immobilizers (2.40/1000 device-days), gastric tubes (2.24/1000 device-days), and external monitoring 
devices (1.77/1000 device-days). Of the 6336 devices in place, 36% did not have an MDRPI preventive intervention in place. 
Clinical variables contributing to MDRPI development included intensive care unit care (odds ratio [OR] 8.9, 95% confidence 
interval [CI] 1.9-43.6), use of neuromuscular blockade (OR 3.7, 95% CI 1.7-7.8), and inotropic/vasopressor medications (OR 2.7, 
95% CI 1.7-4.3). Multivariable analysis indicated that Braden QD scores alone predicted MDRPI development.
CONCLUSION: Medical devices are common in hospitalized infants and children and these medical devices place patients at 
risk for MDRPI.
KEY WORDS: Braden QD, hospital-acquired pressure injury, MDRPI, pediatrics, pressure injuries.

INTRODUCTION

In the acute care environment, medical devices are common-
ly used for diagnostic and therapeutic purposes. While use of 
such devices is essential, evidence continues to emerge link-
ing medical devices to medical device–related pressure injuries 
(MDRPIs). These iatrogenic injuries can lead to additional 
pain and suffering, pose an immediate risk for infection, and 
contribute to an altered lifelong body image related to scarring. 
In adults, MDRPIs have been reported to range from 29% to 
60%.1-5 In the pediatric population, MDRPI rates have been 
reported to be higher, ranging up to 70% in single-center stud-
ies.6-8 MDRPIs can develop into serious full-thickness wounds 
or unstageable pressure injuries, especially in areas with min-
imal adipose tissue, for example, on the head and face.7 Pedi-
atric patients may be at risk for more serious device–related 
pressure injuries because of unique cutaneous, maturational, 
and developmental factors.9,10 Pediatric patients also may be 
at increased risk for MDRPI due to variability in body habitus 
(size) and lack of access to proper sized medical devices. In 
addition, cognitive state immaturity prevents younger patients 
from understanding the vital nature of medical devices, and 
additional securement and immobilization devices are often 
necessary for patient safety.

In 2015, the Wound, Ostomy Continence Nurses Society 
developed an evidence-based position statement regarding DOI: 10.1097/WON.0000000000000683
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hospital-acquired pressure injuries; they defined an MDRPI as 
a “localized injury to the skin and/or underlying tissue includ-
ing mucous membranes, as a result of pressure, with a history 
of an external medical device at the location of the ulcer, and 
mirrors the shape of the device.”11(p154) This definition was ad-
opted by the National Pressure Injury Advisory Panel (NPIAP), 
who in 2016 revised the pressure injury staging criteria, adding 
a category of MDRPI, which are staged using the same criteria 
as immobility related or mucosal pressure injuries.12

The purpose of this study was to describe (1) types of medi-
cal devices in use, (2) the incidence rates for MDRPI per 1000 
device-days, (3) locations and stages of MDRPI, and (4) de-
vice–related prevention interventions used in pediatric acute 
care environments. These data serve as a foundation from 
which best MDRPI prevention practices can be developed and 
systematically evaluated.

METHODS

This is a further analysis of prospectively collected data that 
were used to build the Braden QD Scale for predicting pres-
sure injury risk in pediatric patients. Data collection proce-
dures are fully described elsewhere13 and briefly outlined here. 
Patients were recruited from 8 pediatric academic medical cen-
ters across the United States. We systematically enrolled pedi-
atric patients, preterm to 21 years, who were on crib/bed rest 
for at least 24 hours, with at least 1 medical device attached 
to or traversing through skin or a mucous membrane. We ex-
cluded patients with preexisting pressure injury or those with 
a do-not-resuscitate order. Study nurses, including wound, 
ostomy nurse leads, were trained in study procedures, staging 
of pressure injuries, and scoring of pressure injury risk. Data 
were collected between March 25, 2013, and July 15, 2015. 
Written informed consent was obtained from the parent/legal 
guardian and assent from children older than 8 years, not se-
dated and cognitively capable.

Upon enrollment, a severity of illness score was completed 
on each subject. We used the SNAPPE-II (Score for Neona-
tal Acute Physiology with Perinatal Extension II) for subjects 
younger than 2 weeks or less with noncardiac diagnoses14; the 
PRISM III-12 (Pediatric Risk of Mortality Score, Version III, 
first 12-hour model) for subjects older than 2 weeks15; and the 
RACHS-I (Risk Adjustment for Congenital Heart Surgery—
Version 1) for all cardiac subjects.16 We also described each sub-
ject’s cognitive and functional status on hospital admission us-
ing the PCPC (Pediatric Cerebral Performance Category) and 
POPC (Pediatric Overall Performance Category).17 In addi-
tion, admission body mass index (BMI) z-scores were comput-
ed on each subject to quantify each subject’s nutritional status.

Enrolled subjects were evaluated by 2 nursing teams up to 
3 times per week for 2 full weeks, and then weekly for 2 more 
weeks. These teams were blinded to the other team’s assess-
ments. The study end points were hospital discharge or hos-
pital day 28, whichever occurred first. Study procedures were 
completed outside of usual care. Team I nurses extracted data 
from the medical record and observed the patient for all med-
ical devices including any securing or protective interventions, 
and determined whether each particular device was reposition-
able. Team I nurses also completed the Braden Q score18—a 
7-item pediatric-specific instrument describing patient risk for 
immobility-related pressure injuries.

Within 6 hours of the evaluation by nurses in Team I, nurses 
in Team II completed a head-to-toe skin assessment with the 

assistance of the subject’s bedside nurse. Any hospital-acquired 
pressure injury (HAPI), identified by Team II nurses, was doc-
umented with photographs, and then staged and categorized 
as immobility-related HAPI or medical device–related HAPI. 
Pressure injury staging was done per NPIAP guidelines.19 The 
local WOC nurse lead investigator determined pressure injury 
staging, and stages were confirmed by review of the study core 
team nurses. Data were collected using Research Electronic 
Data Capture (REDCap).20 All identified HAPIs were man-
aged at the discretion of the clinical team.

Data Analysis
Descriptive statistics were calculated for patient admission 
characteristics and relevant clinical summary variables, along 
with medical devices and associated prevention strategies. 
Continuous variables were reported as medians and interquar-
tile ranges and categorical variables were described using fre-
quency and percentages. For each medical device, device-days 
were calculated using the date the medical device was initiated 
to the date it was discontinued or study discharge (whichever 
came first). For devices that resulted in an MDRPI, device in-
jury rate was calculated and standardized per 1000 device-days.

Unadjusted logistic regression was calculated to deter-
mine which patient characteristics were associated with 
MDRPI-positive status. All models accounted for site as a 
cluster variable using generalized estimating equations. All 
variables with P < .10 on univariate analysis were assessed for 
inclusion into a final multivariate model using a stepwise selec-
tion process. Covariates with a P < .05 after adjustment for all 
other variables were maintained. All analyses were performed 
using SAS version 9.4.21

RESULTS

Of the 625 enrolled subjects in the study, 42 (7%) developed 
an MDRPI. Table 1 compares the baseline characteristics of 
MDRPI-positive and -negative patients. The demographics 
of age, gender, and ethnicity were similar when patients with 
MDRPI were compared to those without pressure injuries. 
Two-thirds of patients with MDRPI were younger than 8 
years, and 14% being younger than 1 month. Patients with 
MDRPI with higher acuity scores, specifically higher PRISM 
III-12 and RACHS-I scores, were more frequently, cognitive-
ly, and/or functionally impaired. Patients enrolled from the 
pediatric intensive care unit and/or who were intubated had 
a higher percentage of MDRPI. Lastly, MDRPI-positive pa-
tients were more frequent in patients with extreme BMI scores 
who were either underweight or overweight.

Table 2 outlines the MDRPI characteristics. Of the 42 pa-
tients with MDRPI, 12 patients had 2 or more MDRPIs for 
a total of 63 MDRPIs. Most (74%) MDRPIs were Stage 1 or 
2, 11% were deep tissue injury, 8% were mucosal, and 6% 
were unstageable. No Stage 3 or 4 MDRPIs were identified. 
The 4 unstageable MDRPIs occurred secondary to external 
monitoring devices, specifically electroencephalogram leads. 
The head/face location and extremities predominated the lo-
cations of MDRPI, with 51% occurring in the head/face area 
and 35% occurring in extremities, which corresponds to the 
device types most frequently causing MDRPI, namely respi-
ratory device, immobilizers, and external monitoring devices. 
Nearly two-thirds (63%) of MDRPIs were identified by the 
third observation day or within 1 week of admission; 30% 
identified on observation days 4 to 6 (week 2 of admission), 
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and 6.3% identified on observation day 7 or 8 (weeks 3 and 
4 of admission).

Table  2 also outlines MDRPI per 1000 device-days per 
device type. The highest rate occurred in the respiratory de-
vice category where there were 17 injuries and a rate 6.19 
per 1000 device-days. Thirteen of the 17 injuries (46%) had 
a preventive intervention in place. The next highest rate of 
HAPI per 1000 days occurred with use of immobilizers, fol-
lowed by gastrointestinal (GI) tubes and drains, and exter-
nal monitoring devices. Although vascular devices were the 
most frequently occurring device in 87% of patients, the 
rate of HAPI caused by these devices was low at 0.64 per 
1000 days.

Table  3 describes the total number of medical devices in 
place on day 1 of observation, with the number of pressure 
injury interventions in place for each device type. In the to-
tal population (n = 625), there were 6336 devices in place. 

In more than one-third of cases (36%), a preventive interven-
tion was not in place. The highest category of devices included 
vascular, followed by external monitoring devices, supportive/
securing devices, then respiratory devices. Most vascular de-
vices had a HAPI prevention intervention in place. External 
monitoring devices, the second most common device, had 
a higher rate of MDRPI and a higher percentage of patients 
without a HAPI prevention in place (67%). Figure 1 illustrates 
the proportion of devices in each category that had prevention 
in place across all observation days.

Figure 2 depicts the total number of devices in place, in-
cluding range and median, over the 8 observational periods 
by total population and by subgroup. Out of the 625 patients 
enrolled, 64 patients remained enrolled through observation 
8. Participants had a median of 7 devices in place on day 1 
(range of 4-10). By the eighth observational period (week 4), 
there was a median of 5 devices in place (range of 4-8). These 

TABLE 1.
Patient Characteristics According to Medical Device–Related Pressure Injury Status

Characteristics
MDRPI+ 
(n = 42)

MDRPI− 
(n = 583) Odds Ratio (95% CI)a P Valueb

Age at enrollment, n (%)
 Preterm to <1 mo
 1 mo to <1 y
 1-8 y
 9-21 y

6 (14)
4 (10)
18 (43)
14 (33)

106 (18)
105 (18)
303 (52)
177 (30)

1.5 (0.6-3.5)
1.0

2.4 (1.0-5.7)
2.1 (1.1-3.9)

.18

Male, n (%) 24 (57) 310 (53) 1.2 (0.7-1.9) .51

Non-Hispanic White, n (%) 32 (76) 386 (67) 1.6 (0.8-3.6) .21

Severity of illness

SNAPPE-II score, median (IQR) N/A 5 (0-18) N/A N/A

PRISM III-12c score, median (IQR) 5 (3-16) 2 (0-6) 1.8 (1.3-2.5) <.001

RACHS-I score, n (%)
 1-2
 ≥3
 Unassignable operative lesion
 Nonoperative cardiovascular disease

2 (11)
16 (89)

1
2

104 (54)
88 (46)

11
53

1.0
9.5 (3.4-30.0)

N/A
N/A

<.001

Functional health on admission

Admission PCPC >1, n (%) 19 (45) 131 (22) 2.9 (1.7-4.6) <.002

Admission POPC >1, n (%) 19 (45) 145 (25) 2.5 (1.5-4.2) <.001

Patient characteristics on admission

Primary reason for hospitalization, n (%)
 Medical-surgical
 Cardiac

21 (50)
21 (50)

325 (56)
258 (44)

1.0
1.3 (0.7-2.4) .47

Enrolled from ICU, n (%) 38 (90) 365 (63) 5.7 (1.0-32.0) .049

Intubated at enrollment, n (%) 29 (69) 164 (28) 5.7 (3.8-8.7) <.001

Able to verbally communicate pain, n (%) 23 (55) 357 (61) 0.8 (0.4-1.4) .37

Admission skin assessment, n (%) 42 (100) 577 (99) N/A N/A

BMI z-score, n/n total (%)
 Underweight (z < −2)
 Normal (−2 ≤z ≤ 2)
 Overweight (z > 2)

7/37 (19)
18/37 (49)
12/37 (32)

66/482 (11)
310/482 (64)
106/482 (22)

1.8 (1.2-2.9)
1.0

2.0 (1.1-3.4)

.004

Abbreviations: BMI, body mass index; CI: confidence interval; ICU, intensive care unit; IQR, interquartile range; MDRPI, medical device–related pressure injury; N/A, not available; PCPC, Pediatric 
Cerebral Performance Category; POPC, Pediatric Overall Performance Category; PRISM III-12, Pediatric Risk of Mortality Score III-12; RACHS-I, Risk Adjustment for Congenital Heart Surgery-I; 
SNAPPE-II, Score for Neonatal Acute Physiology with Perinatal Extension-II.
aAn odds ratio more than 1.0 indicates a higher risk of MDRPI. For the continuous PRISM III-12 score, the odds ratio represents the effect of an increase per quartile of the characteristic.
bP values calculated using univariable logistic regression to predict MDRPI using generalized estimating equations accounting for site as a cluster variable.
cA total of 277 patients had a PRISM III-12 score (MDRPI+: 21, MDRPI−: 256).
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statistics were higher in the intensive care unit (ICU) and 
cardiac populations; this group had a median of 8 devices on 
study day 1 (range of 5-13), and a median of 6 devices (range 
4-11) on day 8.

We also examined clinical variables contributing to 
MDRPI development (Table  4). Patients with more med-
ical devices were at greater risk for MDRPI. Intensive care 
demonstrated the highest likelihood of MDRPI (odds ratio 
[OR] 8.9, 95% confidence interval [CI] 1.9-43.6), followed 
by neuromuscular blockade (OR 3.7, 95% CI 1.7-7.8), and 
use of inotropic/vasopressors (OR 2.7, 95% CI 1.7-4.3). The 
worst Braden QD score in these groups was 17 with a range of 
15 to 19 in MDRPI-positive patients and 12, with a range of 
8 to 15 in MDRPI-negative patients. Multivariate analysis of 
key clinical indicators revealed that worst Braden QD scores 
alone predicted MDRPI development (OR 1.45, 95% CI 
1.27-1.57); specifically, for each Braden QD point increase, 
a patient’s odds of developing an MDRPI was 45% higher.

DISCUSSION

In this large prospective study, we report that the use of med-
ical devices in hospitalized infants and children is common 
and that 7% of patients developed 1 or more MDRPIs. As 
the number of medical devices increased so did the risk for 
MDRPI. Patients with MDRPI had higher acuity scores on 
hospital admission, were more frequently cognitively and/or 
functionally impaired, or had extremes in BMI. Respiratory 

devices have the highest MDRPI rate per 1000 device-days, 
followed by immobilizers, external monitoring devices, and 
GI devices. The pattern of MDRPI in terms of location cor-
responds to the device type, where respiratory device–related 
pressure injuries occur in the head, face, neck region, whereas 
vascular, external monitoring, and immobilizing devices occur 
in the extremities. Preventive practices, including anchoring/
securement, pressure redistribution, and skin protection were 
used in about two-thirds of the devices. We found the Braden 
QD a good predictor of MDRPI risk in the pediatric popula-
tion where the odds of MDRPI development increases incre-
mentally for every 1-point increase in the Braden QD score.

Early pediatric research revealed infants and children were 
vulnerable to pressure injury related to medical devices.22-24 
These studies found that more than half of pressure injuries 
occurred with use of a variety of medical devices including 
casts, splints, endotracheal tubes, nasogastric tubes, and oxy-
gen saturation probes. The NPIAP, European Pressure Ulcer 
Advisory Panel, and Pan Pacific Pressure Injury Alliance25 
recommended using a structured pressure injury risk assess-
ment scale and to consider other clinical risk factors including 
medical devices. The new Braden QD Scale, revised from the 
Braden Q Scale, now predicts both immobility and MDRPI 
for pediatric patients.13

The types and numbers of medical devices frequently 
used in pediatric hospitals vary by patient population 
creating variability in device-related risk. In a secondary 
analysis of 2012 point prevalence data from the National 

TABLE 2.
Characteristics of Observed Medical Device–Related Pressure Injury

Device Category
Events Per 

Device-Daysa

Rate per 1000 
Device-Days Location of Injury Stage of Injury

Injuries With 
Prevention in Place Prevention Type

External monitoring 
devices

25/14093 1.77 Hand (7)
Head (7)
Ankle/foot (6)
Face (5)

Stage I (13)
Stage II (6)
Unstageable (4)b

Deep tissue injury (2)

15/25 (60) Redistribution (11)
Securement (4)
None (10)

Vascular devices 6/9345 0.64 Ankle/foot (4)
Lower leg (1)
Shoulder/arm (1)

Deep tissue injury (3)
Stage II (2)
Stage I (1)

6/6 (100) Securement (6)

Gastrointestinal tubes 
and drains

7/3125 2.24 Abdomen (5)
Face (2)

Stage II (4)
Stage I (2)
Mucosal membrane (1)

6/7 (86) Securement (6)
None (1)

Respiratory devices 17/2746 6.19 Face (16)
Neck (1)

Stage II (7)
Stage I (6)
Mucosal membrane (4)

13/17 (46) Securement (9)
Padding (3)
Barrier (1)
None (4)

Compression devices 1/2597 0.39 Upper arm (1) Stage I (1) 0/1 (0) None (1)

Supportive/securing 
devices

2/2286 0.87 Ankle/foot (1)
Shoulder/arm (1)

Stage I (1)
Deep tissue injury (1)

2/2 (100) Anchor tube (2)
Padding (1)

Transdermal tubes/
drains/monitors

2/1996 1.00 Left flank (1)
Right back (1)

Stage I (1)
Stage II (1)

2/2 (100) Anchor tube (2)
Absorptive 

dressing (1)

Genitourinary tubes/
drains

1/1132 0.88 Urethral meatus (1) Stage II (1) 0/1 (0) Anchor tube (1)

Immobilizers 2/833 2.40 Face (1)
Head (1)

Stage I (1)
Deep tissue Injury (1)

0/2 (0) None (2)

aDevice-days were calculated for the entire study population (n = 625) for all devices (n = 6336) using the date the medical device was started to the device discontinuation date or study 
discharge (whichever came first). No medical device–related pressure injuries resulted from the soft cover device category. Additional details regarding the types of devices included in each device 
category are included in Table 5.
bUnstageable pressure injury was caused by electroencephalogram leads.
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Database for Nursing Quality Indicators among acute care 
pediatric patients from across the United States, Razmus 
and Berquist-Beringer26 reported the likely proportion 

of HAPI related to medical devices was 5.3%. Among 
33 hospitals that participated in the Children’s Hospital 
Solutions for Patient Safety Network from 2011 to 2013, 

TABLE 3.
Device Prevention on First Day the Device Was Observed by Device Category

Device Category Devices, n

Prevention Type

Multiple Prevention 
Techniques

No Prevention 
in PlaceSecurement

Pressure 
 Redistribution

Skin Protection

Padding Barrier
Absorptive 
Dressings

Vascular devices 1684 87% <1% 11% 3% 8% 13% 6%

External monitoring devices 1663 11% 22% <1% 1% 1% 1% 67%

Supportive/securing devices 523 70% <1% 31% 1% 8% 35% 26%

Respiratory devices 491 60% 7% 5% 10% 2% 13% 28%

Transdermal tubes/drains/monitors 380 83% 2% 1% 1% 12% 13% 67%

Gastrointestinal tubes/drains 379 73% <1% 4% 9% 4% 10% 13%

Compression devices 378 0 43% 0 0 0 0 19%

Genitourinary tubes/drains 223 86% <1% 3% <1% 2% 5% 97%

Immobilizers 182 2% 12% 15% 1% 0 2% 16%

Soft covers 10 10% 0 10% 0 0 0 80%

Other devicesa 423 17% 25% 2% 31% <1% 5% 31%

Total number of devices 6336 50% 11% 7% 3% 4% 10% 36%
aOther devices category includes any collection device sutured/attached to skin, any medical equipment lying on the skin, or any tubing sutured/attached to the skin. For details on which devices 
are included in each category, please refer to Table 5.

Figure 1. Number of medical devices by category with (gray) and without (white) MDRPI preventive interventions in place for all obser-
vation days. MDRPI indicates medical device–related pressure injury.
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Figure 2. The range and median number of medical devices in place per patient with MDRPI (gray) and without MDRPI (white) over the 8 
observational periods. (A) All enrolled patients. (B) Patients enrolled from the ward (any nonintensive care unit). (C) Patients enrolled from 
an intensive care unit (cardiovascular or pediatric). (D) All medical-surgical (noncardiac) patients. (E) All cardiac patients. Note that in group 
B (non-ICU group), there were no medical devices in place at observation 8. MDRPI indicates medical device–related pressure injury.

the overall national network rate of Stage 3 pressure inju-
ries was decreased from 0.06 to 0.03 per 1000 patient days 
(P < .001); however, the proportion caused by medical 
devices was not identified. In ICUs, patients often need 
multiple medical devices for external monitoring, thera-
peutic care, or lifesaving advanced technology that exposes 
these vulnerable patients to an increased risk of MDRPI.27 
Studies in neonatal intensive care units report that the pro-
portion of MDRPI ranged from 42.5% to 90%28-30 pri-
marily caused by respiratory devices. In pediatric intensive 
care units, the reported proportion of MDRPI ranged from 
50% to 69%.31,32

LIMITATIONS

In this prospectively planned analysis of the Braden QD data-
set, we found an overall low number of MDRPI. Because of 
this low number, we were unable to determine, with confi-
dence, the effectiveness of specific preventative interventions 
in device-related pressure injuries.

IMPLICATIONS

Medical devices account for a significant number of HAPIs 
in the pediatric population. Razmus,33 in reviewing pediatric 
pressure injury prevalence data over a 6-year period, found 
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increased HAPI prevalence rates in pediatric ICU and rehabil-
itation units, however found no association in decreased HAPI 
rates when skin and risk assessment, repositioning, support 
surface, and moisture management were in place. A tool such 
as the Braden QD Scale assists in identification of patients 
at risk for both medical device and immobility-related HAPI 
in the pediatric population; the Braden Q Scale is now con-
sidered obsolete, and we assert that pediatric facilities should 
transition to the Braden QD Scale. Training resources have 
been developed for teaching nurses on how to use the Braden 
QD Scale for their patient population34 (https://media.chop.
edu/data/files/educational-modules/braden-qd/story_html5.
html).

To accurately track, trend, and benchmark MDRPI, it is im-
portant to use consistent language when categorizing medical 
devices and MDRPI prevention strategies. Categorization will 
simplify data collection and interpretation. This is especially 
true given the wide variety of protective dressings, securement 
devices, and barriers used to manage the skin microclimate. Ta-
ble 5 outlines a classification method for a wide variety of med-
ical devices used in the hospitalized patient along with guid-
ance on how to score each device when using the Braden QD.

We also recommend use of consistent metrics in reporting. 
In review of published data, MDRPI rates are reported differ-
ently; some as incidence density (per 1000 patient days),6,26,35 
some as prevalence (number of affected patients/total popu-
lation),7,27,35-37 and some as a rate per number of device-days.8 
Maximizing use of the electronic medical/health record to 
help identify the number of device-days can assist in MDRPI 
data tracking, leading to more effective evaluations of preven-
tion strategies and improvements in care. We suggest using 
MDRPI rates per 1000 device-days for each device type. This 
metric is similar to other harm indicators such as central line–
associated bloodstream infection rates.

Some note the importance of a single intervention such 
as securement or particular dressings in prevention of certain 
MDRPI.38-40 Boyar41 reported use of a single intervention (dress-
ing) for MDRPI related to use of nasal cannula and found this 
one intervention significantly decreased the incidence of nasal 
columella injuries in preterm infants. Although single inter-
ventions may be very beneficial in preventing pressure injuries 
from specific devices, many recommend use of multiple targeted 
interventions and bundles is helpful in decreasing MDRPI in 
the pediatric population; often a “bundle” of interventions as 
opposed to 1 type of intervention is linked to positive outcom
es.8,26,29,30,35,42-45 Essential components of an effective MDRPI pre-
vention bundle include frequent assessment and monitoring of 
the skin or mucous membrane beneath the device and assessing 
the proper fit and securement of the device. This is especially im-
portant for patients who exhibit significant fluid shifts or changes 
in body shape due to their underlying disease and treatment. A 
multidisciplinary approach to assessment and management is 
key where nurses partner with respiratory therapists, physical 
and occupational therapists, critical care, pulmonary, and sub-
specialty physicians to assess the fit, securement, and need for 
the device at designated intervals. Pressure redistribution is also 
important in MDRPI prevention such as interval lifting of the 
device or rotation of the location of the device whenever possi-
ble. Managing the skin microclimate is a prevention strategy that 
includes use of skin barriers, absorbent foams and dressings, and 
padding. Table 6 outlines an MDRPI prevention bundle that can 
be modified to comply with local policy and procedures.

CONCLUSIONS

Clinicians must continue to partner with members of the 
medical device industry—giving feedback on the design and 
making recommendations for device refinement to prevent 

TABLE 4.
Clinical Summary by Medical Device–Related Pressure Injury Status

Clinical Summary Variables MDRPI+ MDRPI− Odds Ratio (95% CI)a P Valueb

Physiologic variables
 Lowest O

2
 saturation <85%, n (%)

 Mean blood pressure ≤50 mm Hg, n (%)
10 (24)
11 (26)

69 (12)
132 (23)

2.3 (1.8-3.0)
1.2 (0.6-2.3)

<.001
.57

Clinical interventions
 Average number devices attached per observation, median (IQR)
 Percent of protected devices per observations, median (IQR)
 ICU care, n (%)b

 ICU LOS, median (IQR)
 Days on mechanical ventilation, median (IQR)c

 Any HFOV, n (%)
 Any ECMO, n (%)
 Any neuromuscular blockade, n (%)
 Any inotropic/vasopressors, n (%)

11 (8-13)
38 (27-52)

40 (95)
9 (5-22)
5 (2-8)
1 (2)
1 (2)

22 (52)
21 (50)

6 (4-8)
13 (6-28)
402 (69)
4 (2-10)
3 (1-8)
11 (2)
5 (<1)

188 (23)
159 (27)

2.6 (1.8-4.0)
1.1 (1.0-1.1)

8.9 (1.9-43.6)
1.7 (1.3-2.3)
1.4 (1.0-1.8)
1.3 (0.3-6.1)

2.8 (0.4-18.7)
3.7 (1.7-7.8)
2.7 (1.7-4.3)

<.001
<.001
.006
<.001

.02

.77
28

<.001
<.001

Braden QD scores
 First Braden QD Scale score, median (IQR)
 Average Braden QD Scale score per day, median (IQR)d

 Worst Braden QD Scale score, median (IQR)
 Percent of observations with Braden QD ≥13, median (IQR)

16 (14-17)
13 (12-16)
17  (15-19)
67 (43-88)

12 (7-15)
12 (8-15)
12 ( 8-15)
0 (0-50)

2.9 (1.9-4.4)
2.6 (2.0-3.4)
3.4 (2.4-4.6)
2.6 (2.0-3.5)

<.001
<.001
<.001
<.001

Abbreviations: CI, confidence interval; ECMO, extracorporeal membrane oxygenation; HFOV, high-frequency oscillating ventilator; ICU, intensive care unit; IQR, interquartile range; LOS, length of 
stay; MDRPI, medical device–related pressure injury. 
aAn odds ratio more than 1.0 indicates a higher risk of MDRPI. For continuous clinical summary variables, the odds ratio represents the effect of an increase per quartile of the variable.
bP values calculated using univariable logistic regression to predict MDRPI using generalized estimating equations accounting for site as a cluster variable.
cLowest O

2
 saturation is miss ing for 3 MDRPI− patients.

dICU information missing for 2 MDRPI− patients.
eRestricted to patients who received mechanical ventilation (MDRPI+: 29, MDRPI−: 164).
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MDRPI in the clinical setting for a broad range of patient 
populations. Using technology to customize device fit, such 
as 3D printing models, can help adapt medical devices to pa-
tients with anatomical differences. This is particularly relevant 
in the pediatric population where care is provided to 2300-g 
infants to 180-kg adolescents, each with unique anatomy, 
where clearly not every size fits all.
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