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LEARNING OBJECTIVES/OUTCOMES: After participating in this educational activity, the participant will:
1. Choose a static intrinsic factor that increases the risk for the development of Pl.
2. List several dynamic intrinsic risk factors for developing a PI.

3. Identify dynamic extrinsic risk factors that may predispose a patient to developing a PI.

4. Explain the pathophysiology of Pl development.

ABSTRACT

BACKGROUND: The first step in successful pressure injury (PI)
prevention is to determine appropriate risk factors. In patients
who are critically ill, Pl risk is multietiologic, including the
pathophysiologic impacts associated with a critical illness,
concomitant preexisting comorbid conditions, and
treatment-related factors that are essential in the ongoing
management of a critical illness.

OBJECTIVE: To outline a conceptual schema describing the
relationships among the empirically supported risk factors, the
etiologic factors, and the mitigating measures that influence PI
development in the critical care population.

METHODS: Risk factors for Pl included in the conceptual
schema were identified after a comprehensive review of the
literature. Risk factors were categorized as static intrinsic
factors, dynamic intrinsic factors, or dynamic extrinsic factors.

RESULTS: The schema illustrates the complex relationships
between risk factor duration and intensity and the underlying
etiology of Pl development. The relationships among
cumulative risk factors, etiologic factors, and mitigating
measures for Pl prevention are also outlined in the schema
within the context of potentially unavoidable Pl development.
CONCLUSION: Examining Pl development in patients who are
critically ill through the lens of a conceptual schema may guide
future research endeavors focusing on the etiologic bases for
Pl development. It may also provide a framework to explore
alternatives to current formal Pl risk assessment in this unique
subset of hospitalized patients.
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INTRODUCTION

Intensive care units provide care to the sickest patients in
our healthcare system. Even with an overall increase in
the severity of illness among patients who are critically
ill, ICU survival has improved, which can be attributed
to advances in medical technology and enhanced knowl-
edge and expertise in the treatment of critical illness."
However, survival may be fraught with unintended
consequences such as the development of a pressure
injury (PI). Intensive care units report the highest PI
rates among hospitalized populations, with rates vary-
ing between 12% and 25% globally.” Although overall
hospital-acquired PI rates have declined in the past
decade, severe PlIs (stage 3, stage 4, unstageable, and
deep-tissue Pls), especially among ICU patients, have
not followed this trend.> In fact, a 24.6% increase in more
severe hospital-acquired Pls (stage 3, stage 4, unstageable)
was reported nationally in 2015 and 2016.* Accordingly,
healthcare experts want to know why these PIs continue
to occur despite evidence-based PI prevention programs,
especially in patients who are critically ill.

The first step in successful PI prevention is to deter-
mine the relevant risk factors. In critically ill populations,
PI risk is multietiologic and rooted in many sources.
These include the pathophysiologic impacts associated
with a critical illness, concomitant preexisting comorbid
conditions, and treatment-related factors. In recent system-
atic reviews of the literature in this population, significant
predictors of PI included age,”” impaired mobility/
activity,>” vasopressor infusion,”” prolonged ICU admis-
sion,® comorbid conditions (eg, diabetes mellitus),”” car-
diovascular disease,” hypotension,”” prolonged mechanical
ventilation,>” hemodialysis,7 and sedation.”

Understanding the interactions among these risk factors
within the context of the known etiologic underpinnings
for PI is important and will enhance the determination of
avoidable versus unavoidable PIs in this population. The
purpose of this continuing education article is to outline a
conceptual schema to describe the relationships between
the empirically supported risk factors and the etiologic
factors that influence PI development in the critical care
population.

METHODS
Pressure injury risk factors included in the conceptual
schema were derived from a comprehensive review of the
critical care literature using the CINAHL and PUBMED
databases and the following search terms: “pressure ul-
cer,” “pressure injury,” “critical care,” “intensive care,” and
“risk factors,” yielding 559 potential research reports.
The review inclusion criteria were (1) English-language,
peer-reviewed quantitative studies with a focus on PI risk
factors in adult ICU patients published between 2010 and
2020; and (2) multivariate analysis with PI development
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as the outcome variable. Studies in which the primary fo-
cus was on Pl prevention, treatment, or on the use of PI risk
assessment scales were excluded from review.

Pressure injury risk factors were categorized as static
intrinsic risk factor, dynamic intrinsic risk factor, or dy-
namic extrinsic risk factor for the conceptual schema.
Static intrinsic risk factors describe risk factors present
at the time of admission to the ICU. Although these risk
factors may potentiate PI risk, the impact of these risk
factors remains constant during a critical illness. For
example, the pathophysiologic effects of advancing age
or underlying comorbidities such as diabetes mellitus,
end-stage renal disease (ESRD), or cardiac disease will
impact PI risk and cannot be eliminated during a critical
illness.

Dynamic intrinsic risk factors are internal factors that
arise as sequelae of critical illness. For example, condi-
tions such as hypoxia, hypotension, and hemodynamic
instability are all dynamic physiologic parameters that
have the potential to worsen or be corrected through
treatment or physiologic stabilization. The body’s ability
to adapt physiologically positively or negatively is a re-
sult of one’s intrinsic homeostatic mechanisms.

Dynamic extrinsic factors are external or treatment
factors either used to treat critical illness or that occur
as a result of treatment modalities. These factors and
their duration of impact are variable from patient to
patient. For example, mechanical ventilation (an iatro-
genic PI risk factor) is used to treat respiratory failure.
Ventilator settings and the amount of time the patient re-
quires mechanical ventilation are based on the patient’s
physiologic response. Similarly, treatments such as
continuous venovenous hemodialysis, extracorporeal
membrane oxygenation and sedation, or the use of
neuromuscular-blocking agents to induce chemical paraly-
sis create clinical circumstances that can lead to impaired
mobility. These extrinsic reasons for immobility are there-
fore different from impaired mobility at baseline.

RESULTS

After applying the inclusion/exclusion criteria, 54 reports
were examined for possible inclusion, and 28 studies were
included in the final review (Supplemental Table, http://
links.Iww.com/NSW /A55).

Static Intrinsic Factors
The conceptual schema (Figure) identifies the following
conditions as static intrinsic risk factors in patients who
are critically ill: age, baseline impaired mobility, history
of smoking, peripheral arterial disease, coronary artery
disease, diabetes mellitus, and ESRD.

Age is the most common risk factor that emerges in
multivariate analysis; 12 studies report age as a signifi-
cant predictor.*' Factors such as frailty, disability, and
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Figure. CONCEPTUAL SCHEMA FOR PRESSURE INJURY DEVELOPMENT IN CRITICALLY ILL PATIENTS
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multimorbidity are more prevalent with age and increase
the risk of adverse outcomes.” The comorbidities of di-
abetes mellitus,'”'>?"? coronary artery disease,'""'**"*®
ESRD,* peripheral arterial disease,'*'® and smoking'®
have been empirically supported as PI risk factors. In re-
cent clinical practice guidelines, diabetes mellitus has
been highlighted with regard to PI risk (A-level evi-
dence).?* On closer examination of these comorbidities
as well as smoking status, the underlying pathophysio-
logic precept is consistent with impaired oxygenation
and perfusion, which impairs cellular function and leads
to tissue ischemia.

Mobility impairments in critical illness may be attribut-
able to preexisting limitations and can create a situation
predating facility admission in which the patient requires
complete assistance of caregivers to change position. In
one study," lower scores on the Braden mobility subscale
at ICU admission predicted PI development.
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Dynamic Intrinsic Risk Factors

Factors in the schema identified as dynamic intrinsic risk
factors in this population include hypotension, hypoxia/
respiratory failure, hemodynamic instability, protein-calorie
malnutrition, and anemia. These factors have similari-
ties in their underlying pathophysiologic precepts, that
is, impaired oxygenation and perfusion. Hemodynamic
instability is one of the primary clinical presentations of
patients admitted to the ICU manifested by impairments
in BP, heart rate, and oxygenation. Absolute hypotension
is a systolic BP <90 mm Hg or mean arterial pressure
(MAP) <65 mm Hg.** Nine studies reported hypotension
as a significant predictor, but with varying definitions
(systolic BP <90 mm Hg,***” MAP <70 mm Hg,* abnor-
mal MAP," diastolic BP <60 mm Hg,'” MAP <60 mm Hg
on admission,'® MAP <60 mm Hg on vasopressors,® lower
diastolic BP [value not 1reported],30 lower MAP [value not
reported],*! and hypotension [International Classification of
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Diseases, Ninth Revision coding]).'* These variations in the
measurement of BP as a variable preclude one consistent
measure to objectively define hypotension in relation to
PI risk; however, collectively, it does illustrate the level
of empirical support for this risk factor.

Although a definitive value to define oxygen impair-
ment in relation to PI risk is also lacking, the need for
mechanical ventilation as a modality can be considered
a proxy. Respiratory failure requiring ventilator support
is one of the top five most common admitting diagnoses
reported in CCUs in the US.* Eight studies identified the
use of mechanical ventilation as a significant predictor in
this population, supporting hypoxia and respiratory fail-
ure as a significant threat to PI prevention,'*!>171822293133

In patients who are critically ill, severe protein-calorie
malnutrition is a common finding resulting from impaired
intake and as a result of the hypercatabolic/hypermetabolic
response to injury or severe illness.**** In two studies,"**"
protein-calorie malnutrition was found to be a signifi-
cant predictor. Four studies'”*'!* identified lower
albumin levels as significant in multivariate analysis.
However, albumin and prealbumin are not considered
reliable indicators of protein stores and nutrition status
during a critical illness as a result of fluid shifts and
hydration status.?”-*®

Anasarca is a clinical finding related to protein-calorie
malnutrition and hypoalbuminemia and manifests as
generalized fluid distribution in the interstitial spaces
leading to impaired nutrient delivery and waste removal
from the tissues and skin that impacts perfusion, leading
to impaired tissue tolerance.” Last, anemia was found to
be a significant predictor in one study.'® Anemia results
in impaired oxygen-carrying capacity of the blood and
contributes to tissue hypoxia, impaired tissue perfusion,
and tissue tolerance.***!

Dynamic Extrinsic Factors

Factors in the schema termed “dynamic extrinsic fac-
tors” include ICU length of stay (LOS), prolonged OR
time, and treatment-related factors such as vasopres-
sor administration and mechanical ventilation. Inter-
ventions that reduce mobility including sedation and
neuromuscular-blocking agents causing chemical paraly-
sis and renal replacement therapies are also considered
dynamic extrinsic factors in the schema. Likewise, medi-
cal device-related PIs can occur as a result of a multitude
of medical devices, and this may also be a dynamic ex-
trinsic factor.

Researchers frequently identify ICU LOS in risk models
as a dynamic extrinsic factor contributing to PI develop-
ment.5 11417274142 Gugtained oxygenation and perfu-
sion deficits and efforts to treat these deficits can have a
cumulative effect, with prolonged requirements of ICU
levels of care reflecting sustained instability, immobility,

WWW.ASWCJOURNAL.COM

127

and need for therapy. Length of OR time, similar to ICU
LOS, may reflect prolonged exposure to dynamic intrinsic
factors and impaired mobility over time. Longer time in
surgery>>* and frequency of surgery®™ have both been
identified as predictors of PI. Major procedures such as
cardiovascular surgery increase risk of PL'*?! whereas
in an analysis of intraoperative risk factors in ICU pa-
tients, researchers found that noncardiac surgery was
predictive.?®

Therapies such as mechanical ventilation,
vasopressor administration®*?’2? (in particular norepi-
nephrine'"'* or vasopressin®’), and renal replacement
therapies'*'®? contribute to PI risk. This may be related
to impaired mobility associated with the treatments, the
severity of perfusion and oxygen deficits necessitating
these therapies, or device-related injury. With regard to
the impact of repositioning, Kaitani and colleagues**
found that infrequent repositioning (measured as the
mean daily number of turns) was predictive of PI, and
Tayyib and colleagues® identified lower mean hours
per day of patient repositioning was predictive.

Proning, used to improve oxygenation in patients with
severe lung injury and acute respiratory distress syn-
drome,* is a therapy generally not examined in PI risk
factor analysis heretofore. With the widespread adop-
tion of proning practices in ICUs during the novel coro-
navirus 2019 pandemic, medical device-related Pls are
an increasing concern and can be related to the artificial
airway or pressure to the face, chest, and other depen-
dent areas such as the knees and iliac crests.**

Other therapies for the critically ill population such as
extracorporeal membrane oxygenation>””" or ventricu-
lar assist devices are likely additional dynamic extrinsic
factors; however, most risk factor analyses have not con-
sidered these factors in their models.

12,15,17,18,22,29,31,33

Pathogenesis for Pressure Injury Development

The pathogenesis of PI centers on the relationships among
various key precepts. These include the major load forces
of pressure and shear, the influence of microclimate, and
the ability of the tissues to tolerate pressure and/or shear.
Associated systemic deficits in oxygenation and perfusion
also play an important role in PI development. The inter-
actions among these elements, influenced by the indi-
vidual patient’s static and dynamic risk factors, drive
PI development.

Major Load Forces. The etiologic basis for PI develop-
ment has been studied for decades.”** Coleman and
colleagues® and the 2019 International Guideline for
Pressure Injury Prevention and Treatment** describe
the complex interplay of the major mechanical forces of
pressure and shear coupled with the individual’s ability
to tolerate these forces. The forces’ intensity and dura-
tion impact the degree of internal stress and strain
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transferred. Stress and strain cause damage to the internal
cell structure and impede cellular function including
perfusion, lymphatic drainage, and fluid transport.
When cells are damaged irreparably, cell death results
in an inflammatory response that increases permeabil-
ity in the vessel, resulting in inflammatory edema and
an increase in the mechanical loads as a result of rising
pressure in the interstitium.’®>” Tissue ischemia, as a
result of sustained deformation from strain forces,
leads to cellular hypoxia, decreased nutrient supply,
and impaired removal of metabolic wastes. This in-
duces an acidic environment that will lead to cell
death and tissue destruction.”®

Gefen®® proposed that the interaction of tissue defor-
mation, the inflammatory response, and tissue ischemia
explains the damage that occurs at the cellular level and
subsequent tissue damage. Direct deformation of the cell
as a result of sustained tissue deformation ignites a cas-
cade of pathophysiologic events that begins with the in-
flammatory response that leads to ischemic damage.®
Pressure injury ensues when the rate of cell and tissue
death exceeds the potential rate of cellular repair.
Microclimate. Microclimate is an emerging concept in
the pathogenesis of PI development and comprises the
temperature, humidity, and airflow next to the skin or
between the skin and a support surface. Microclimate
conditions affect the skin’s response to mechanical forces
and thus may potentiate PI development. When skin is
warm and moist, it is weaker and more vulnerable to
mechanical forces, and if skin is dry, it is more suscepti-
ble to fissure formation.?* Likewise, moist skin from per-
spiration or humidity can influence tissue deformation
as a result of friction and shear.***" Although friction is
no longer considered a mechanical force that contributes
to PI development,®? it is a force that when combined
with changes in microclimate can impact both surface
and internal tissue loads.**
Impaired Tissue Tolerance. Tissue tolerance describes
the individual’s unique tolerance to mechanical forces.
Specific biomechanical tolerance of the tissues can be re-
lated to age, tissue morphology, and underlying health
conditions, such as micro- and macrovasculature disease,
as well tissue repair capacity.* The unique characteristics
of the individual contribute to the magnitude of mechan-
ical loads, the distribution of load in the tissues, duration
of exposure to mechanical load, and the tolerance of the
tissues to this load. Once either the individual’s thresh-
old for tissue tolerance or the internal stress produced
from mechanical load has been exceeded, the patient is
primed for PL
Impaired Oxygenation and Perfusion. These are the
most important pathophysiologic precepts to consider
when determining PI risk in this population.** Hypoxia
is the most common reason for cellular injury and results
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from many sources such as hemoglobin deficits, de-
creases in arterial oxygen levels, and respiratory and
cardiovascular disease.”® Hypoxia is also associated
with inflammation and ischemia, with ischemia being
the most common cause of hypoxia.”® At the cellular
level, hypoxia results in mitochondrial damage that
decreases adenosine triphosphate production and leads
to anaerobic metabolism and acidosis and loss of the
sodium-potassium and calcium transport systems and
(if not reversed quickly) cell death. Persistent ische-
mia is associated with irreversible injury and cellular
necrosis.”®

In the pathogenesis of PI evolution, perfusion, oxy-
genation, and circulation all affect the susceptibility
and tissue tolerance of the skin, impacting the reparative
threshold of tissue as well as the transport of cellular nu-
trients that maintain cellular function. In critical illness,
conditions that impact tissue oxygenation and perfusion
are pervasive: risk factors such as advanced age, dia-
betes, hypotension, cardiovascular disease, mechanical
ventilation, and vasopressor agents all impact tissue ox-
ygenation and perfusion.

Prevention

Mitigating measures to halt PI development are germane
to PI prevention and included in the conceptual schema.
Over the past 30 years, evidence-based PI prevention
guidelines have been established and incorporated into
clinical practice. In 1992, the Agency for Healthcare Re-
search and Quality published the first comprehensive
national guideline.®> Other resources and best practice
initiatives from organizations including the Agency for
Healthcare Research and Quality,** the Institute for Health-
care Improvement,®” and the National Pressure Injury
Advisory Panel** have also been made widely available
to guide clinical practice.

The 2019 International Guideline published the most
contemporaneous evidence for PI prevention and was
developed as a collaborative effort among the National
Pressure Injury Advisory Panel, the European Pressure
Ulcer Advisory Panel, and the Pan Pacific Pressure In-
jury Alliance.”* According to the guideline, the major
elements of a comprehensive PI prevention program
include risk assessment, skin and tissue assessment, repo-
sitioning to offload bony prominences, early mobiliza-
tion, prophylactic dressing use, heel elevation, support
surfaces, and nutrition assessment.

Although the consistent application of PI prevention
strategies is important in PI mitigation, in most published
studies in this population, PI prevention strategies were
rarely considered in the multivariate analysis. Whereas
formal PI risk assessment scores were reported in 19 of
the studies reviewed, only four studies included PI pre-
vention in multivariate analysis. In two studies,>**
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infrequent repositioning was predictive of PI develop-
ment, whereas Bly and colleagues® reported that any
more than 2 days’ delay in patient placement on a sup-
port surface was significantly predictive of PI develop-
ment. Conversely, Gonzalez-Mendez and colleagues®
found the days of immobilization to be protective; that
is, those patients immobilized the longest had decreased
probability for PI development.

Unavoidable Pressure Injury. In terms of PI avoidance
versus PI development, the consistent application of PI
prevention strategies must be considered. The NPIAP
defines unavoidable PI as one that develops despite the
consistent and appropriate application of PI preven-
tion strategies or if lifesaving modalities take precedence
over PI prevention.” Although substantial evidence sup-
ports the efficacy of PI prevention programs in reducing
PL%%7 no studies have found that the application of these
strategies has eliminated all PIs, especially in critically ill
patients.

An awareness that certain clinical scenarios may stretch
beyond the compensatory abilities of skin and underly-
ing tissues or beyond the preventive capacity of care-
givers is important to the understanding of why Pls
occur in this population despite best practice implemen-
tation. In this conceptual schema, the risk factors that
have garnered the strongest empirical support are (po-
tentially) nonmodifiable: respiratory instability, arterial
insufficiency, vasopressor use, impaired tissue oxygena-
tion, and cardiopulmonary dysfunction resulting from
hemodynamic instability, heart failure, hypoxemia, and
hypotension.®””* Further, static intrinsic factors such as
age, diabetes mellitus, peripheral arterial disease, ESRD,
and cardiac disease cannot be reversed and can potenti-
ate and complicate a critical illness. Dynamic intrinsic
conditions such as hypotension and hypoxia, depending
on the underlying cause, may not be quickly reversed
and may further exacerbate perfusion and oxygenation
derangements. Finally, dynamic extrinsic factors used
to treat hypotension or hypoxia such as vasopressors
or mechanical ventilation are lifesaving modalities that
may need to be prioritized over standard PI prevention
practices in those patients who are hemodynamically
unstable.

DISCUSSION

Pressure injury risk factors in the conceptual schema can
exert a cumulative effect on PI risk such that PI risk esca-
lates when patients possess risk factors from each category.
For example, although static intrinsic factors present on ad-
mission to the ICU can impact the patient’s overall severity
of illness, the level of hemodynamic instability can further
exacerbate and accelerate PI risk. Dynamic extrinsic factors
possess their own inherent dangers and in combination
with both static and dynamic intrinsic factors create added
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risk. Essentially, the more risk factors the patient has
combined with the associated treatment needed accel-
erate PI risk.

Impaired oxygenation and perfusion are at the core
of many of the risk factors identified in the schema.
These include the patient’s preexisting comorbidities
(static intrinsic factors) that affect the macro- and micro-
vasculature and dynamic intrinsic factors that impose
oxygenation and perfusion abnormalities and form the
pathophysiologic basis for many critical illnesses. In ad-
dition, dynamic extrinsic factors used to improve and re-
store tissue oxygenation and perfusion such as with
vasopressor administration can contribute to impaired
tissue oxygenation and perfusion manifested by circula-
tory changes to the hands, feet, and splanchnic and renal
systems.”

Impaired tissue tolerance is a major determinant of PI
development and is influenced by the patient’s unique
response to mechanical loads and microclimate. Tissue
tolerance can be further impacted by static and dynamic
intrinsic factors including conditions that affect both the
micro- and macrocirculation, as well as conditions such
as severe protein-calorie malnutrition and anasarca.

The initiation and consistent application of mitigating
measures to prevent Pls are the first line of defense. Pro-
viders may need to make alterations to certain elements
of PI prevention programs (eg, repositioning schedules)
in the critical care population as a result of potential iat-
rogenic factors that impair mobility or hemodynamic
instability.

For patients who develop a PI, a comprehensive review
is warranted, including the mitigating measures imple-
mented based on the patient’s risk factors (intrinsic/
extrinsic) and response to treatments associated with
critical illness. For example, in older patients with multi-
ple comorbidities on admission, the adverse effects of a
superimposed critical illness may be magnified. Hemo-
dynamic instability may be insurmountable in some
patients such that derangements in oxygenation and
perfusion cannot be corrected despite the use of mechan-
ical ventilation, vasopressor agents, or other supportive
treatment modalities. In these cases, providers, patients,
and families should consider that PI development may
be unavoidable.

CONCLUSIONS

The purpose of this conceptual schema was to create a
framework to explain the development of PIs in the crit-
ical care population. The interactions of static intrinsic
factors, dynamic intrinsic factors, and dynamic extrinsic
factors are complex and illustrate the multietiologic basis
for PI development in this population. Impaired oxygen-
ation and perfusion are underlying precepts implicated in
many of these risk factors. The patient’s innate ability to
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overcome mechanical forces assisted by PI prevention 10
strategies holds the potential to impede PI development.
Conversely, the inability to overcome these forces asare- 12
sult of comorbidities, illness severity, or the treatments ;4
used—even with consistent PI prevention practices—
may result in the development of an unavoidable PL. "
The medical team needs to carefully consider the likeli- 15
hood of an unavoidable PI within the context of the indi-
vidual’s clinical situation. 16
Examining PI development in the critical care popu-
lation through the lens of this conceptual schema may
be useful to guide future research endeavors focusing 8
on the etiologic bases for PI development. It may also 19
provide a framework to explore alternatives to current "
formal PI risk assessment in this unique subset of hos- '
pitalized patients. 21,
22.
PRACTICE PEARLS 23.
¢ Pressure injury risk determination in patients who

are critically ill is multifactorial but a necessary first 2.

step to successful PI prevention.

® A conceptual schema can provide the groundwork 2.

to explore the complex relationships among empirically

related PI risk factors, underlying etiologic factors, and 2.

prevention efforts that contribute to PI developmentin  ,,

patients who are critically ill.

* Pressure injury risk factors can be broadly categorized %

as static intrinsic factors, dynamic intrinsic factors, and

dynamic extrinsic factors. 2.

® A conceptual schema provides an empirically sup- 3.

ported foundation to explore alternatives to current for-

mal PI risk assessment in patients who are critically ill. 31

e Future research endeavors should focus on the etiologic 0

bases for PI development and deepen understanding '

of unavoidable PI. ®
33.
34.
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