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ABSTRACT

PURPOSE:  Hospital-acquired pressure injuries (HAPIs) have significant impacts on patient morbidity and mortality, with 
approximately 2.5 million patients treated for pressure-related injuries annually.1 This study aimed to describe the influence of a 
comprehensive wound care team on HAPIs over an 8-year period.
DESIGN:  Retrospective cohort study.
SUBJECTS AND SETTING:  All inpatients at an academic public hospital system with HAPIs during the study period from May 
2012 to February 2020.
METHODS:  Data on wound stage, location, infection, medical device location if applicable, and risk factors were recorded from 
medical records. A 1-way analysis of variance was performed to assess for significance of mean number of cases, National 
Pressure Injury Advisory Panel (NPIAP) stage on initial presentation, and mean number of medical device-related wounds by year.
RESULTS:  A total of 957 cases were included. The median stage of pressure injury on assessment was 2, with the mean NPIAP 
stage declining from 2012 to 2020 (P = .003). Thirty-three percent of pressure injuries were attributed to medical devices, most 
commonly endotracheal tubing. The most common site of pressure injury was the sacrum (33.6%).
CONCLUSION:  Creation of a comprehensive wound care team within our academic public hospital system demonstrated a 
significant decline in device-related and pressure injury cases over the past 8 years. The wound care team focused on frequent 
assessment, education, and evidence-based treatment to lower these HAPI events.
KEY WORDS:  Hospital-acquired pressure injury, Medical device, Pressure injury, Prevalence, Wound.

INTRODUCTION

Pressure injuries pose a significant and costly challenge for 
hospital systems, with approximately 2.5 million patients 
treated each year.1 An estimated $11 billion of US healthcare 
expenditures are spent on pressure injury treatment.1 The del-
eterious effects of hospital-acquired pressure injuries (HAPIs) 
include patient harm, additional need for treatment, potential 
for prolonged hospitalization, poor patient perception of the 
hospital system, litigation, and increased expenditures.2

Pressure injury prevention has become a focus in both 
long-term and acute care settings. In 2008, the Centers for 

Medicare & Medicaid Services (CMS) began incentivizing 
hospitals with financial penalties related to the development 
of pressure injuries.1,3 Hospital-acquired stage 3 and 4 pressure 
injuries were labeled as a preventable event, with the CMS 
declining reimbursement for treatment.4 This has included  
device-implicated pressure injuries.4 The estimated prevalence 
of pressure injuries in acute care settings is 15% with an es-
timated incidence of 7%.1 High-risk groups include older  
patients admitted for femoral fractures, as well as patients  
receiving critical care, are quadriplegic, or have spinal cord  
injuries; the risk of developing pressure injuries can range from 
33% to 66% in the acute care setting.5,6 Beyond increased 
care costs, pressure injuries present significant morbidity and 
mortality, including pain, emotional distress, and impact on 
quality of life.7,8 Approximately 60,000 patients die of compli-
cations related to HAPIs each year.9

Acquisition of pressure injuries initiates through soft tissue 
damage most often located near bony prominences.2,10 Focused 
body weight with a constant pressure of 70 mm Hg or more 
for more than 2 hours results in cell and tissue ischemia, of-
tentimes located at the sacrum or heels.5,11,12 Shear forces have 
also been identified as contributors to the formation of pres-
sure injuries through movement of bony prominences against 
subcutaneous tissues, resulting in malposition of subepidermal 
vasculature and increased susceptibility to pressure injuries.13 
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The National Pressure Injury Advisory Panel (NPIAP) has out-
lined the various stages of pressure injuries, from stage 1 to 
stage 4. Stage 1 is classified as nonblanchable erythema with 
intact skin, stage 2 is partial-thickness skin loss with exposed 
dermis, stage 3 includes full-thickness skin loss, and stage 4 
refers to full-thickness skin and tissue loss.14 Additionally, in 
2016 the NPIAP included medical device-related injuries as a 
cause in the definition of a pressure injury.15

Early identification of a pressure injury poses a challenge to 
healthcare providers, as HAPIs do not always initially visibly 
form on the skin.2 Deep tissue damage may have already oc-
curred prior to more superficial identification of the injury.2,11 
With greater knowledge surrounding the process of how pres-
sure injuries develop, as well as the CMS citing pressure injuries 
as a preventable event, prevention of and halting progression 
of these injuries is a necessity.5 Prevention measures include 
minimizing excessive moisture, treating and caring for fecal 
and urinary incontinence, frequent turning and repositioning, 
using specialized equipment such as mattresses, maximizing 
nutritional well-being, and providing staff education.5,16,17 For 
prevention specific to medical devices, choosing the correct 
size of medical device, cushioning the skin with dressings, as-
sessing the skin daily, and educating staff members on proper 
use of the device are crucial to limiting these injuries.18 De-
spite insurance incentives, nursing-driven interventions, and 
preventative measures initiated by healthcare institutions, the 
risk of developing a pressure injury ranges from 2.8% to 9% in 
cumulative incidence based on patient length of stay.19

Decreasing the incidence of HAPIs is critical for healthcare 
institutions to promote appropriate patient treatment, enhance 
patient satisfaction, minimize complications and pain, and 
lower patient length of stay.20 As pressure injuries are reported 
nationally, hospital systems are compared against both nation-
al organizations and similar healthcare systems for monitor-
ing.20,21 The aim of this study is to describe the prevalence of 
pressure injuries, both device and non-device-acquired injuries, 
at a large, academic public hospital system and suggest areas for 
early patient risk identification and future management.

METHODS

Data from this study were collected from the Virginia Com-
monwealth University Health System. The hospital system has 
a comprehensive wound care team that evaluates every pressure 
injury documented in the electronic medical system, which 
automatically alerts the wound care team that a patient needs 
to be seen. The wound care team comprises a physician, nurse 
manager, nurse clinician, and 9 clinical nurses. The majority 
of nurse team members are Wound, Ostomy, and Continence 
Nursing certified. Once the patient with a pressure injury is 
flagged by the wound care team, the injury is staged using 
the NPIAP staging definitions.22,23 Information about location 
of the patient in the hospital, location of injury, presence of 
infection, topical management, sex, admission date, medical 
device location if applicable, and modifiable risk factors are 
recorded. Data were recorded for monthly review and report-
ed to our quality improvement department and benchmarked 
against national and peer organizations. Data were reviewed 
from May 2012 through February 2020.

For this retrospective cohort study, inclusion criteria includ-
ed inpatients of all ages, and received a wound consult that was 
documented by the comprehensive wound care team. Preva-
lence data of pressure injury per inpatient census, NPIAP stage, 
device-related injuries, devices implicated, anatomic location, 
and patient unit at the time the injury were identified. When 
multiple pressure injuries were present, the most severe injury 
was recorded when assessing for prevalence. Exclusion crite-
ria included patients who were unstable or receiving palliative 
care, combative, off unit and unavailable for wound care team 
assessment, or patients who refused assessment and treatment 
of their pressure injury. This study was approved on August 
19, 2020, by the Institutional Review Board at Virginia Com-
monwealth University (approval number: HM20019955).

TABLE 1.
Pressure Injury Cases per Month

Year Mean (SD)

2012, 8 mo 17.5 (5.6)

2013 13.8 (2.9)

2014 9.5 (2.8)

2015 9.6 (2.5)

2016 7.0 (2.6)

2017 8.3 (2.8)

2018 8.1 (3.0)

2019 10.0 (1.7)

2020, 2 mo 11.5 (5.0)

TABLE 2.
Pressure Injury Cases, NPIAP Staging, and Device-Related Injuries by Year

Year Total DTI/Stage 1 Stage 2 Stage 3 Stage 4 Unstageable Device Related, n (%)

2012, 8 mo 140 33 27 39 25 15 71 (51)

2013 165 43 35 29 25 33 58 (35)

2014 114 36 22 26 14 16 43 (38)

2015 115 27 17 30 13 28 27 (23)

2016 83 29 13 17 8 16 26 (31)

2017 100 40 19 16 9 16 30 (30)

2018 97 29 20 15 7 26 27 (28)

2019 120 31 21 23 8 37 31 (26)

2020, 2 mo 23 6 4 5 3 5 8 (35)

Abbreviations: DTI, deep tissue injury; NPIAP, National Pressure Injury Advisory Panel.
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Data Analysis
A statistical analysis was conducted using Microsoft Excel Ver-
sion 16.35 (Microsoft Corporation, Redmond, Washington) 
and JMP 15.1 (SAS Institute Inc, Cary, North Carolina). The 
mean number of pressure injuries per month was calculated for 
each year along with standard deviation, and statistical analysis 
was performed using a 1-way analysis of variance (ANOVA) 
to assess for significance between groups. Participants were 
grouped based on months, seasons, years, pressure injury stage, 
device types, hospital location, and anatomic location of pres-
sure injury. The critical value of significance was set at P = .05.

RESULTS

Data from 957 patients were included in this study. The mean 
number of pressure injury cases per month ranged from 6.9 to 
17.5, generally declining from 2012 to 2020 (Table 1). Total 
cases by year are displayed in Table  2. The total number of 
annual cases during the study time frame was compared using 
an ANOVA, which demonstrated statistical significance (P < 
.01). This demonstrates a decline in the average number of 
cases, with the highest number at the start of the study (2012-
2013), declining in the subsequent years. There were 19.9% of 
cases in which the patient sustained multiple pressure injuries. 
Average prevalence of HAPIs in the inpatient population was 
1.5%, ranging from 1.0% in 2016 to the highest prevalence in 
2012 at 2.4% (Table 3).

 When controlling for month or season (designated as 
January through March, April through June, July through 
September, and October through December), ANOVA differ-
ences were not significant. For analysis of variance by month, 
P = 0.66. When comparing by season, P = 0.46.

The median pressure injury stage on initial wound care as-
sessment was 2 (Table 4). An ANOVA demonstrated signifi-
cant variability between pressure injury stage on initial presen-
tation from 2012 to 2020, with P = .003. The NPIAP stage 
on initial presentation was highest in 2012 at a median of 2 
(most commonly stage 2 or 3), decreasing to the lowest value 
in 2017 at a median of 2 (most commonly stage 1 or 2). Over 
the past 3 years, this number has maintained at a median stage 
of NPIAP stage 2 upon initial presentation.

Approximately 33.1% of pressure injuries were attribut-
ed to medical devices, with the highest percentage in 2012 
(50.7%), gradually lowering to 25.8% of injuries by the end 
of 2019 (Table  2). The prevalence of medical device-related 
injuries by year demonstrated significance (P = .003). The 
most commonly implicated device was the endotracheal tube, 
accounting for 19.0% of cases (Figures 1 and 2). This was fol-
lowed by the nasogastric tube accounting for 15.6% of cases 
(Figures 3 and 4). Other devices implicated include pulse ox-
imetry probe (Figure 5), splint and casting material (Figures 6 
and 7), intravenous hub (Figure 8), cervical collar (Figure 9), 
and gastrostomy tube (Figure 10). A comprehensive list is dis-
played in Table 5.

Patient location in the hospital setting on initial presenta-
tion of the pressure injury varied, with the majority (45.0%) 
of cases in the intensive care units (ICUs), 38.3% in the main 
hospital, and 14.6% in the critical care hospital but not within 
the ICU. Injuries by hospital unit are displayed in Table  6. 
However, when comparing the average number of cases within 

TABLE 3.
Annual Prevalence of Inpatient Hospital-Acquired Pressure 
Injuries

Year Prevalence Percentage

2012, 8 mo 2.4%

2013 2.2%

2014 1.4%

2015 1.5%

2016 1.0%

2017 1.2%

2018 1.2%

2019 1.4%

2020, 2 mo 1.6%

TABLE 4.
Average Pressure Injury Stage on Initial Assessment by 
Year

Year Average Pressure Injury Stage

2012, 8 mo 2.4

2013 2.3

2014 2.2

2015 2.3

2016 2.1

2017 1.9

2018 2.0

2019 2.1

2020, 2 mo 2.3
Figure 1. Pressure injury of the lip attributed to endotracheal 
tube.
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the ICUs with critical care and the main hospitals, results were 
not significant (P = .12).

The most frequent anatomical location of pressure injuries 
was sacrum (33.6%), followed by the heel and foot (14%), 
and buttocks (11.3%). Other common locations were nares, 
lip, occiput, and coccyx (Table 7).

DISCUSSION

The purpose of our retrospective cohort study was to assess 
prevalence and related factors associated with pressure injuries 
in 957 patients receiving acute care in a large academic public 
health hospital system. While emphasis on prevention, early 
recognition, and advancements in the management of pressure 
injuries has greatly advanced over the past 6 decades, HAPIs 
continue to cause significant patient morbidity and mortality, 
and result in high healthcare expensives.5,7,19 For an admitting 
diagnosis of pressure injury, the estimated mean hospital and 
treatment cost per patient is $230,575.24 In contrast, preven-
tion of pressure injuries is estimated to be 10% the cost of treat-
ment.13,25 Development of such wounds is not without com-
plication, including acute sepsis, prolonged hospitalization, 
progression to chronic wounds, scarring, perineal and urethral 

fistula formation, malignant skin changes, and acute or chron-
ic osteomyelitis of the underlying bone.5,16,26 Thus, specialized 
healthcare teams knowledgeable in the prevention, assessment, 
and treatment of pressure injuries are vital to minimizing com-
plications and maximizing outcomes for affected patients.27

In 2012, the wound care team at our hospital began consis-
tent, monthly, quality improvement evaluations of HAPIs to 
identify risk factors and areas of improvement. Standardization 
of wound classification was refined with flagging of pressure 
injuries, automatic consulting of the wound care team, and 
staging by the team using the NPIAP system. Once a patient is 
identified and documented by the team, the wound care team 
is able to relay instructions to nurses as well as continue their 
own care and assessment of the patient during the hospital 
stay. The wound care team is involved in education of nurses, 
residents, physicians, and personnel on medical and surgical 
units to reduce incidence of HAPIs. This comprehensive team 
has also played a large role in the development of standard 
protocols and nursing pressure injury prevention competen-
cies, aiming to reduce the number of medical device-related 
injuries. The wound care team continues to assess bench-
marks on the national and peer hospital levels, modifying and 
improving protocols as necessary. The findings of this study 

Figure 2. Pressure injury of the tongue attributed to endotracheal 
tube.

Figure 3. Left naris pressure injury attributed to nasogastric  
tubing.

Figure 5. Right forehead pressure injury attributed to pulse ox-
imetry probe.

Figure 4. Left naris pressure injury attributed to nasogastric 
tubing.
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are similar to other studies,28,29 demonstrating that the imple-
mentation of a comprehensive wound care team reduces the 
incidence of HAPIs and improves knowledge of care teams 

regarding management of these injuries. An example protocol 
and competency list are provided in Figures 11 and 12.

Findings of our study indicate that development of consis-
tent, monthly assessments, standard protocols, and staff training 
reduced the prevalence of HAPIs in this hospital system. When 
the monitoring began in May 2012, 140 patient cases were 
documented for May 2021 through December 2012 and 165 
total cases in 2013. This number declined the following years, 
reaching the lowest prevalence in 2016 with 83 pressure injury 
cases. This variability in total cases was statistically significant, 
demonstrating improvement, as inpatient prevalence of HAPIs 
declined from an initial prevalence of 2.4% in 2012 down to 
1.4% in 2019. Prior research demonstrated seasonality of pres-
sure injuries, with a greater number in January through March 
and declining numbers July through September.30 However, this 

Figure 6. Posterior heel pressure injury attributed to splinting 
material.

Figure 7. Lower arm pressure injury attributed to splinting  
material.

Figure 8. Right dorsal foot pressure injury attributed to intrave-
nous hub.

Figure 9. Occiput pressure injury measuring 6 × 3 cm attributed 
to cervical collar.

Figure 10. Left trochanter pressure injury attributed to gastros-
tomy tube.
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study did not demonstrate variation by season. While the medi-
an pressure injury stage on initial presentation was NPIAP stage 
2 (most often stage 2 or 3) in 2012, this number has largely 
declined, falling to a median of 2 (most often stage 1 or 2) from 
2017 through February 2020.

Device-related injuries also declined during the 8-year peri-
od, with 50.7% of 2012 cases attributable to medical devices. 

TABLE 5. 
Medical Device-Related Injuries by Year

2012 2013 2014 2015 2016 2017 2018 2019 2020 Total

ET tube 16 15 6 6 4 2 3 8 1 61

NG tube 11 10 4 7 3 8 6 1 0 50

Brace or splint 4 4 7 3 3 1 4 3 3 32

Tracheostomy 12 5 4 0 2 3 2 2 1 31

Cervical collar 3 3 4 1 4 5 4 4 2 30

Pulse oximetry 3 0 0 0 4 3 2 2 0 14

Urinary catheter 2 3 4 0 0 2 0 1 1 13

CPAP/BiPAP 2 4 0 0 1 1 1 2 0 11

SCD/TED hose 4 0 4 0 2 0 1 0 0 11

PEG 3 2 0 0 0 0 0 0 0 5

Not recorded/other 11 12 10 10 3 5 4 8 0 63

Abbreviations: BiPAP, bilevel positive airway pressure; CPAP, continuous positive airway pressure; ET, endotracheal; NG, nasogastric; PEG, percutaneous endoscopic gastrostomy; SCD, sequential 
compression device; TED, thromboembolic-deterrent.

TABLE 7. 
Annual Pressure Injury Cases by Anatomic Location

2012 2013 2014 2015 2016 2017 2018 2019 2020 Total

Sacrum 28 46 39 52 31 30 39 57 0 322

Heel/foot 16 27 17 13 12 23 11 15 0 134

Buttocks 19 20 16 15 9 12 10 7 0 108

Nares 16 14 3 6 3 10 7 5 1 65

Lip 11 11 5 5 3 2 0 6 0 43

Occiput 3 4 7 4 1 4 10 8 0 41

Ear 2 12 5 7 4 2 2 3 0 37

Coccyx 6 7 2 5 4 5 2 5 1 37

Other 6 3 1 2 1 3 5 4 1 26

Neck 5 3 4 0 2 2 2 2 0 20

Leg 5 0 5 4 2 0 2 1 0 19

Back 1 5 3 0 1 0 2 3 3 18

Scapula 1 0 0 0 1 0 0 0 12 14

Gluteal fold 7 2 0 0 0 0 2 1 1 13

Forehead 1 4 0 0 4 2 1 1 0 13

Chin 2 1 0 2 4 2 2 0 0 13

Genitals (penis/labia) 2 2 3 0 0 2 0 1 0 10

Abdomen 4 2 4 0 0 0 0 0 0 10

Ischium 4 1 0 0 0 1 0 0 1 7

Knee 1 0 0 0 0 0 0 1 2 4

Chest 0 1 0 0 1 0 0 0 1 3

TABLE 6. 
Pressure Injury Cases by Hospital Location

ICU CCH Main Hospital Other

431 140 367 19

Abbreviations: CCH, critical care hospital; ICU, intensive care unit.
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They steadily decreased, with medical devices implicated in 
2019 for 25.8% of the HAPIs. Analysis of medical device re-
lated pressure injury based on year showed a significant re-
duction in occurrences within this hospital system. Medical 
device-related pressure injuries typically account for approxi-
mately 40% of this hospital system’s pressure-related injuries 
each year. The wound care team has been developing stan-
dardized protocols for medical devices and delivering monthly 

device-related pressure injury prevention education to nurses 
and care partners. Specific protocols related to management of 
endotracheal tubes, pulse oximetry devices, and tracheostomy 
plates have been developed to decrease pressure injuries and 
are available to all staff members. A protocol for cervical collars 
is currently in development.

Prior studies have shown the most common location of pa-
tients developing pressure injuries during hospitalization was 

Figure 11. Virginia Commonwealth University Health adult pressure injury prevention in nursing competencies.
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Figure 12. Virginia Commonwealth University Health adult pressure injury prevention for nurses’ protocol. 
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Figure 12. (Continued)

D
ow

nloaded from
 http://journals.lw

w
.com

/jw
ocnonline by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 04/18/2023



Copyright © 2022 Wound, Ostomy, and Continence Nurses Society™. Unauthorized reproduction of this article is prohibited.Copyright © 2022 Wound, Ostomy, and Continence Nurses Society™. Unauthorized reproduction of this article is prohibited.

JWOCN ¿ Volume 49  ¿  Number 1	 	 43Powell et al

Figure 12. (Continued)
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Figure 12. (Continued)
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Figure 12. (Continued)
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in the ICUs.5,6 Aligned with previous research, the majority 
of injuries were located on the sacrum, followed by the heel 
and foot, buttock, lip, nares, and occiput.6,10 For the 33.0% 
of patients with medical device-related pressure injuries, the 
most commonly implicated device was endotracheal tubing, 
followed by nasogastric and tracheostomy plates, this finding 
is similar to previously published literature.31 All of the pa-
tients received aggressive care and frequent monitoring by the 
comprehensive wound care team once identified by nursing 
staff.

Using a standardized approach by this dedicated team has 
resulted in greater consistency in documentation, aggressive 
early intervention through prompt automatic notification of 
the wound care team once the patient wound has been identi-
fied, and regulation of wound care practices. Interventions in-
clude the standard of care for pressure injury prevention such 
as frequent turning and skin monitoring, novel therapies such 
as noncontact low-frequency ultrasound, specialized mattress-
es and beds, nutritional recommendations, identifying po-
tential psychosocial issues, patient education, and evaluation 
by the plastic and reconstructive surgical teams as indicated. 
Specific nursing-driven interventions have included consis-
tent use of well-lit environments when performing the initial 
skin assessment, using both visual and tactile examinations of 
the skin, decreasing the number of linens placed under pa-
tients to limit moisture and generation of body heat, using 
barrier creams, and use of offloading medical devices. Efforts 
surrounding medical device use include rotating the device at 
least once every 24 hours, frequent assessment of the mouth, 
lips, and tongue, ensuring appropriate fit of the device, and 
ensuring that devices are not inadvertently left underneath the 
patient following repositioning.

Through automatic flagging of patients with pressure in-
juries, a comprehensive wound care team with standardized 
assessment, documentation, and evidenced-based treatment 
regimens has been a vital component of the success of lower-
ing HAPIs within this large, academic setting. Through con-
sistent monthly quality improvement committee meetings and 
broadened education programs for hospital staff, the wound 
care team aims to continue to reduce the incidence of HAPIs 
and find ways to improve current protocols.

Limitations
Limitations of this study include potential differences in pro-
vider assessment of pressure injuries using the NPIAP staging 
system, potential for patients with existing pressure injuries that 
were not initially identified on admission, and a very small per-
centage (<1%) of pediatric patients. Thus, these data are much 
less generalizable to the pediatric population and more greatly 
represent the impact of this wound care team on adult patients. 
Future studies should address specific interventions by the 
wound care team to assess time to discharge and rates of com-
plications, and further investigation into quantifying the degree 
to which the team has lowered expenditures at this healthcare 
institution. In addition, broadening the data set to compare di-
rectly to peer institutions and national data may provide further 
insight into areas of success, as well as room for improvement 
within this particular institution.

CONCLUSION

Findings from this study demonstrated that while HAPIs 
have declined over the past 8 years, these injuries continue 

to pose a challenge. Determining best practices is crucial; our 
comprehensive wound care team focused on frequent assess-
ment, education of medical teams, and evidenced-based treat-
ment with efforts to lower these pressure injury events and 
contribute to lowering hospital expenditures.
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