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BACKGROUND: Noninvasive ventilation (NIV) masks are implicated in 59% of respiratory device-
related pressure injuries in hospitalized children. Historically, the Braden Q scale was not adequate
in identifying risk for pressure injury associated with devices and, therefore, was modified to the
Braden QD scale. The purpose of this study was to evaluate whether the Braden QD scoring tool is
better able to identify pediatric patients receiving NIV who are at risk for the development of pres-
sure injury as compared to the previously used Braden Q scalee METHODS: This was a retrospec-
tive chart review of all pediatric subjects with NIV mask-related pressure injury. Demographics and
Braden Q/Braden QD scores were extracted from the electronic health record at admission, at 48 h
prior to pressure injury, at 24 h before injury, and at resolution. The scores were dichotomized into
“no risk” or ‘“at risk” score ranges on the basis of each scale’s scoring parameters. The McNemar
test was used to assess whether Braden Q and Braden QD have the same level of classification.
RESULTS: Forty-five unique subjects, ages 1 m — 23 y with NIV mask-related pressure injury were
identified (24 [53.3%] female; 21 [46.7%] male). Braden QD had a significant correlation with mask-
related pressure injury at admission (P < .001), at 48 h prior to injury (P < .001), at 24 h prior to
injury (P < .001), at time of injury (P < .001), and at resolution of the pressure injury (P < .001).
The Braden Q score did not identify pressure injury at admission, at identification of pressure injury,
nor at 24 h or 48 h prior to injury. CONCLUSIONS: No significant differences were found among
groups in relationship to age or gender. 85% of the subjects identified as “at risk” with the Braden
QD scale developed pressure injury; conversely, virtually all of the subjects with pressure injury were
identified as “no risk” with the Braden Q scale. Key words: pressure injury; pressure ulcer; pediatrics;
bi-level; hospital-acquired pressure injury, skin; noninvasive ventilation, respiratory device-related pressure
injury; Braden QD; Braden Q. [Respir Care 2021;66(8):1234-1239. © 2021 Daedalus Enterprises]

Introduction

Hospital-acquired pressure injuries occur when the skin
is compressed between a bony prominence and an external
surface during hospitalization,'? increasing the morbidity
and mortality of patients.* Significant risk factors for pediat-
ric pressure injuries include children with a history of pres-
sure injury, extrinsic factors (eg, shear and moisture),
intrinsic factors (eg, age, nutrition, hemodynamic factors, and
the effect of mobility, activity, and sensory perception),’
patients who were located in critical care or rehabilitation
units, and those patients hospitalized in pediatric-specific
facilities.® Respiratory devices deemed to place the child at
risk are endotracheal tubes, face masks, nasal cannulas, oxy-
gen saturation probes, tracheostomy tubes, and noninvasive

1234

ventilation (NIV) masks.” In 2019, hospital-acquired pressure
injuries related to NIV masks accounted for 59% of medical
device-related pressure injuries within the Children’s
Hospitals Solutions for Patient Safety data coalition “when
classifying pressure injuries (stages 2, 3, 4, unstageable, and
deep tissue injury by the following respiratory devices
(CPAP/bi-level, nasal cannula, endotracheal tube-related,
and tracheostomy-related)” (Solutions for Patient Safety
Leadership, personal communication, January 14, 2020).
Pressure injury risk assessment tools were created to pre-
dict patients at higher risk for developing pressure injuries,
but it is essential that tools perform well and offer good sen-
sitivity and specificity.® Tools that accurately predict a high
risk for pressure injury development can potentially direct
more aggressive or more frequent interventions to prevent
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pressure injury from occurring within this at-risk group.® The
most frequently utilized pressure injury risk assessment tools
in pediatrics are the Braden Q, Garvin, and Galmorgan

SEE THE RELATED EDITORIAL ON PAGE 1365

scales. Anthony et al’ reported that the Glamorgan scale was
the most valid of these scales in pediatrics but did not specifi-
cally test for respiratory device-related pressure injuries.

The Braden Q score, developed by Quigley and Curley,
is the only pressure injury risk scale validated for use in the
pediatric ICU, and it is used widely within the United
States; however, initial predictive validity testing only
included immobility-related pressure injuries in critically ill
patients.*'° Lauderbaugh et al'' previously identified that
the Braden Q score did not identify with pressure injuries in
patients wearing NIV masks (P = .76). In 2018, a new scale
for pediatrics, the Braden QD scale, was found to reliably
predict both immobility-related and device-related pressure
injuries in the pediatric acute care environment. '

The Braden QD scale, similar to the Braden Q scale, is
composed of 7 subscales. The Braden QD was revised from
the Braden Q, which was limited to predicting immobility-
related pressure injuries. The new scale included mobility,
sensory perception, friction and shear, nutrition, and tissue
perfusion/oxygenation while replacing moisture and activity
from the Braden Q scale with the number of devices (ie,
attached to or traversing the patient’s skin or mucous mem-
branes) and repositionability/skin protection (ie, whether the
device can be repositioned or the skin under the device can
be protected) as new subscales.'” The new subscales were
added to address the risks associated with device-related pres-
sure injury. Both the Braden Q and the Braden QD
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Current knowledge

Continuous pressure applied by a medical device
against the skin can cause pressure injury. Pressure
injury risk assessment tools have been developed to
predict pressure injuries, but they have not been good
predictors of NIV mask-related pressure injuries. The
Braden QD scale was developed to predict the pressure
injury risk of pediatric patients with medical devices.

What this paper contributes to our knowledge

The Braden Q scale did not identify subjects as being at
risk for pressure injury when they later incurred injury.
The Braden QD “at risk” score of = 16 identified more
NIV mask-related pressure injuries in pediatric subjects.

dichotomize scores into “at risk” and “no risk” categories.
The Braden QD identifies patients with a score = 13 as being
at risk for hospital device-related pressure injury. The Braden
Q score identifies hospitalized pediatric patients with a score
of = 16 as at risk for pressure injury. Due to the different sub-
categories and scoring, the numerical values of the scores
cannot be compared; therefore, the risk category is a better
predictor for the risk of the development of pressure ulcers.

The purpose of this study was to retrospectively evaluate
whether the Braden QD scoring tool was better able to cor-
rectly identify pediatric patients at risk for the development
of medical device-related pressure injury during noninvasive
ventilation (NIV) as compared to the Braden Q scale, which
was previously used to identify risk for this population.

The Braden Q and Braden QD scores identify risk for pres-
sure injury based on the combined total of their subscales. The
total of the subscores were dichotomized by the author of the
tools into “at risk” categories that were used in the study to eval-
uate patients who were identified with medical device-related
pressure injury in the hospital setting to determine which scale
was more predictive of the outcome. Subject scores were dicho-
tomized based on this total to be at risk or not at risk for pres-
sure injuries to determine whether the newer Braden QD scale
was more accurate in predicting patients at risk.

We hypothesized that a Braden QD score in the “at risk”
category of = 13 will identify document pressure injury in
more hospitalized pediatric subjects receiving NIV with a
mask than will a Braden Q “at risk” score of = 16.

Methods

Study Design

The study was approved by the University of California
San Diego institutional review board. A waiver of con-
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sent was granted. This retrospective study examined all
NIV mask-related pressure injuries from January 1, 2013,
to December 31, 2018, from all care areas of the hospital.
Subjects with NIV mask-related stage 1, 2, 3, or 4 deep tis-
sue injury or with unstageable pressure injury were identi-
fied from the safety reporting system. Inclusion criteria
were all subjects admitted during the time period with an
acquired NIV mask-related pressure injury during hospitali-
zation. Among these subjects, 18% had > 1 pressure injury
from the device within the same admission. Subjects were
included and data were collected from the first pressure
injury during the hospitalization.

Study Variables
Braden Q and Braden QD Score

The Braden Q score with subscales was part of documen-
tation in all charts for inpatients during the study period and
was retrieved from the electronic health record by a single
data collector for several time points: at time of admission,
at 48 h prior to pressure injury, at 24 h before pressure
injury, at the time of the injury, and at the time of resolu-
tion. To assess whether the new version of the scale was a
more sensitive predictor, documentation of the previous
scale was converted to a Braden QD score using the scoring
directions for the scale. The Braden QD score was
calculated by conversion of the Braden Q mobility,
sensory perception, friction and sheer, nutrition, tissue
perfusion/oxygenation subscale scores with the addition of
number of devices and repositionability/skin protection,
which was identified in the medical record and calculated
according to the new scoring directions. The Braden Q sub-
scale totals were converted to the Braden QD scale using a
mathematical calculation so that all scores were converted
uniformly. A single data collector collected the number of
devices and repositionability/skin protections, which were
added to the converted Braden QD subgroups score using a
mathematical calculation for a final score. The McNemar
test was used to compare classification outcome based on
Braden Q and Braden QD scores at each time point.

Other data collected included age, sex at birth, race, his-
tory of dermatologic condition, diagnosis leading to NIV,
type of respiratory mask associated with pressure injury,
utilization of a pressure barrier, location of pressure inju-
ries, and National Pressure Injury Advisory Panel classifi-
cation (Table 1).

Statistical Analysis
Continuous and categorical variables were reported as
mean * SD and count (percentage), respectively. Braden Q

and Braden QD scores were electronically binarized and
then dichotomized into 2 categories: no risk (Braden Q >
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Table 1.  Summary Demographics
Age at time of admission, y 11.3 (5.5)
Sex at birth
Female 24 (53.3)
Male 21 (46.7)
Race
Asian 2(4.4)
Black or African-American 5(11.1)
Hispanic or Latino 18 (40.0)
Native Hawaiian 12.2)
Native American-Eskimo 1.2
Other 6 (13.3)
Other Pacific Islander 1(2.2)
White or Caucasian 11 (24.4)
History of dermatologic condition
No 42 (99.3)
Yes 3(6.7)
Diagnosis leading to NIV
Chronic respiratory failure 5(11.1)
Obstructive sleep apnea 2(44)
Pleural effusion 2(4.4)
Pneumonia 17 (37.8)
Postoperative 9 (20.0)
Sepsis 2 (4.4
Shock 1(2.2)
Respiratory device associated with pressure injury
Full face mask 26 (57.8)
Nasal mask 6 (13.3)
Nasal pillows 12.2)
Nasal prongs 2(4.4)
Total face mask 10 (22.2)
Skin barrier consistently 48 h prior to pressure injury
No 6(13.3)
Patient family refused 1(2.2)
Yes 38 (84.4)
Location of respiratory device-related pressure injury
Cheeks 6(13.3)
Ear 1(2.2)
Forehead 1(2.2)
Nares 2 4.4
Nasal bridge 34 (75.6)
Septum 12.2)
NPIAP (modified) classification for respiratory device-
related pressure injury
Full thickness loss 1(2.2)
Nonblanchable erythema 22 (48.9)
Partial thickness skin loss 16 (35.6)
Suspected deep tissue injury-depth unknown 4(8.9)
Unstageable 24.4)

Data are presented as n (%). N = 45 subjects.
NPIAP = National Pressure Injury Advisory Panel.

16 and Braden QD < 13) and at risk (Braden Q = 16, and
Braden QD = 13) (Table 2). The McNemar test was used
to compare the classification outcome based on binarized
Braden Q and Braden QD scores on subjects at each time
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point collected. All statistical comparisons were 2—tailed,
and the level of significance was set at P = .05. Statistical
analyses were performed with R (R Foundation for
Statistical Computing, Vienna, Austria).

Results

Forty-five unique subjects age 1 m — 23 y (mean = SD
11.29 = 5.53 y) with pressure injury were identified. In this
sample, slightly more subjects were female (53.3%) (Table
2). McNemar test output can be seen in Table 3. At each
time point, there was a statistical difference between
Braden Q and Braden QD, with a Braden QD score = 13
identifying risk for pressure injuries better than a Braden Q
score < 16. Braden QD score = 13 had a significant corre-
lation with pressure injury at admission (P < .001), at 48 h
prior to injury (P < .001), at 24 h prior to injury (P < .001),
at the time of the injury (P < .001), and at the time of pres-
sure injury resolution (P < .001). The Braden Q score of =
16 identified 100% of subjects as being at no risk of pres-
sure injury at admission, at identification of the pressure
injury, and at 24 h prior to injury. The Braden Q score also
identified 95.6% of subjects as being at no risk of pressure
injury at 48 h prior to injury.

We also calculated the McNemar odds ratio for those
values in disagreement at 48 h and at the time of pressure
injury. At 48 h, the odds ratio was 14 (95% CI 3.53—
121.28), and at the time of injury the odds ratio was 33
(95% CI 5.52-1,342.43).

We also reviewed 8 subjects who developed pressure
injuries but were scored “not at risk” by the Braden QD.
These 8 subjects were more likely to be female (3:1), and
ethnicity was varied, including 1 Pacific Islander, 3 Native
Hawaiians, and four Hispanic/Latino subjects aged 17-21
(mean 18 y).

Discussion

The new Braden QD score, which includes the number
of devices and the use of barriers and repositionability of
devices, classified more subjects with NIV mask-related
pressure injuries as at risk at all time points collected,
including at resolution of the pressure injury, compared to
the Braden Q. While these subjects’ pressure injuries may
have been resolved, this may not decrease their risk of
another injury. We found that 18% of subjects included in
this study incurred > 1 pressure injury from their NIV
mask during the same hospitalization (unpublished data).
Findings from our retrospective study indicate that a
Braden QD score = 16 (ie, the “at risk” category) identi-
fied NIV mask-related pressure injuries in pediatric
subjects.

In addition, we identified that for some Fitzpatrick skin
types, particularly those with darker skin tone, the scale
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Table 3.  McNemar Test for Distribution
Braden QD
No Risk At Risk P Odds Ratio (95% CI)
Braden Q
At admission
No risk 7 (100) 38 (100) < .001 Infinite (9.81-00)
At risk 0(0) 0(0)
At identification of skin change indicating injury
No risk 8 (100) 37 (100) <.001 Infinite (9.54—00)
At risk 0 (0) 0(0)
48 h prior to skin change
No risk 15 (88.2) 28 (100) <.001 14.00 (3.53-121.28)
At risk 2(11.8) 0(0)
24 h prior to skin change
No risk 13 (100) 32 (100) <.001 Infinite (8.18—00)
At risk 0 (0) 0(0)
At time of pressure injury resolution
No risk 11 (91.7) 33 (100) <.001 33.00 (5.52-1,342.43)
At risk 1(8.3) 0(0)

Data are presented as n (%). P < .05 shows statistical significance.

may not be as sensitive in identifying risk as it is for lighter
skin tones. It has been reported that people with darker skin
tones are more likely to develop higher stage pressure inju-
ries than people with lighter skin tones.'*"* The Fitzpatrick
skin type may be a determinant of risk, and future studies
should consider including this to analyze the effect.'*

In a review of the literature in 2018, Algahtani and
AlAhmari"® noted that interface selection, regular skin
assessment and device rotation, limiting the pressure
applied to the skin by the device, using a barrier between
the skin and NIV mask, protecting the skin by keeping it
dry and clean, and being aware of patient-related risk fac-
tors were all important in preventing maceration and mini-
mizing friction. Additionally, hospital-acquired pressure
injuries have garnered increased focus on prevention from
institutional health care with the goal of improving out-
comes, reducing severity, and meeting higher certification
standards. These goals have clinicians searching the evi-
dence for prevention measures.'®'” Risk assessment has
been described as the cornerstone of prevention.'® The abil-
ity to quantify patient-related risk factors through a risk
assessment tool may help identify patients at risk for NIV
mask-related pressure injury, enabling more specific focus
on observation and prevention for these patients.

Limitations to our study deserve comment. Due to the
nature of a retrospective study, exposure and outcome
assessment cannot be controlled and there was potential for
measurement and sampling error. There is potential for
non-differential bias due to the nature of the conversion of
the Braden Q to Braden QD numerical value. This potential
for error was minimized by agreement between 2 reviewers
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on the numerical conversion table. As data were collected
only on subjects with known NIV mask-related pressure
injuries, there is potential for an over- or underestimate of
the association between the risk value and the outcome.

While the Braden QD and the Braden Q both are calcu-
lated values based on patient-specific risk factors, we found
that the Braden QD scale was better able to correctly iden-
tify “at risk” subjects at all time points who developed NIV
mask-related pressure injuries than the Braden Q scale.
Future studies should include reviewing the specificity of
this scale to determine its predictive risk value for NIV
mask-related pressure injuries.

Conclusions

In summary, the findings from our retrospective study
indicate that a Braden QD score = 16, which is the “at
risk” category, was more sensitive than the Braden Q scale
in identifying pediatric subjects at risk for developing NIV
mask-related pressure injuries. The use of the Braden QD
tool may enable the prospective identification of patients at
risk for pressure injury related to the use of a NIV mask.
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