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PURPOSE:

The purpose of this learning activity is to provide information regarding the differentiation between pressure ulcers
and acute skin failure (ASF) in critically ill patients.

TARGET AUDIENCE:

This continuing education activity is intended for physicians and nurses with an interest in skin and wound care.

OBJECTIVES:

After participating in this educational activity, the participant should be better able to:
1. Describe the purpose, methodology and impact of this research.

2. Differentiate the pathophysiology of pressure ulcers and ASF.

3. Identify risk factors and diagnostic criteria for ASF.

ADVANCES IN SKIN & WOUND CARE ¢ VOL. 28 NO. 11 514 WWW. WOUNDCAREJOURNAL.COM

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.



http://cme.lww.com
http://www.nursingcenter.com
http://WWW.WOUNDCAREJOURNAL.COM

ABSTRACT

OBJECTIVE: To develop a statistical model to predict the
development of acute skin failure in patients admitted to the
intensive care unit (ICU) and to validate this model.

DESIGN: Retrospective case-control, logistic regression modeling
PARTICIPANTS: 552 ICU patients.

MAIN OUTCOME MEASURES: Intensive care unit patients with
and without pressure ulcers (PrUs) were studied and compared

on key variables sorted into the following categories: (1) disease
status, (2) physical conditions, and (3) conditions of hospitalization.
RESULTS: The variables, peripheral arterial disease (odds ratio [OR],
3.8; P=.002), mechanical ventilation greater than 72 hours (OR, 3.0;
P < .001), respiratory failure (OR, 3.2; P < .001), liver failure (OR, 2.9;
P =.04), and severe sepsis/septic shock (OR, 1.9; P = .02), were
found to be statistically significant and independent predictors of
acute skin failure in ICU patients. These variables created a
predictor model for acute skin failure in the ICU.

CONCLUSIONS: Lack of objective criteria to define acute skin
failure presents a clinical conundrum for practitioners—the
acknowledgment that skin failure exists, but no clear-cut diagnostic
criteria in which to support its existence as a result of a paucity

of empirical evidence. In certain populations, such as the critically ill
patient, the phenomenon of acute skin failure may be occurring,
and with the current level of evidence, these ulcers may be incorrectly
identified as PrUs. Accurately distinguishing risk factors that

lead to a PrU from factors that result in a lesion due to acute skin
failure is crucial in the quest to provide evidence-based practice
to patients.

KEYWORDS: pressure ulcer, acute skin failure, multiple organ
dysfunction syndrome, intensive care unit
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INTRODUCTION

Although pressure ulcers (PrUs) have been observed and re-
corded in the historical nursing and medical literature, the
concept of skin failure has not been as well defined, leaving
clinicians with the difficult task of trying to prospectively differ-
entiate an ulcer caused by pressure from the condition known as
skin failure. Today, patients are surviving illnesses that were once
thought to end in certain death. The price for this survival may
be the manifestation of what is now termed a PrU, an adverse
patient condition. However, it is often forgotten that the skin, the
largest organ of the body, receives up to one-third of the body’s
circulating blood volume' and, as with any organ, can fail because
of critical or terminal illness.? In 1991, La Puma® questioned that
if the heart and lungs can fail, why not the skin?
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REVIEW OF THE LITERATURE

Pressure ulcers and skin failure are 2 distinct, yet related, clinical
phenomena. Pressure ulcers are defined as localized injury to the
skin and underlying tissue that occur over bony prominences
because of pressure or pressure in combination with shear,’
whereas skin failure is defined ““as an event in which the skin and
underlying tissue die due to the hypoperfusion that occurs con-
current with severe dysfunction or failure of other organ systems.””
Pressure ulcers and skin failure can occur simultaneously, as failing
skin increases susceptibility to the forces of pressure and shear.®
However, PrUs are distinguishable from skin failure in that PrUs
occur because of unrelieved pressure resulting in tissue ischemia
and necrosis and can occur in healthy individuals.” Pressure ul-
cers have been identified as a “marker” or “messenger” of co-
existing illness and not an independent risk factor for increased
mortality,>” ' whereas skin failure'* “mirrors” general health
and is often an indicator of other body system failures."?

The pathophysiologic development of PrUs has been explored
for more than 50 years, with the work of early theorists empha-
sizing the relationships of intense and prolonged pressure in
addition to tissue tolerance for pressure in the development of
PrUs."*'® Similarly, Braden and Bergstrom'” applied the work of
these early researchers and identified the 2 critical determinants
for PrU development as intensity and duration of pressure and
tissue tolerance for pressure in their conceptual schema for PrU
development. Berlowitz and Brienza'® hypothesized 4 patho-
physiologic changes that explain the development of a PrU: (1)
ischemic changes caused by capillary occlusion, (2) reperfusion
injury, (3) impaired lymphatic function, and (4) prolonged me-
chanical deformation of tissue cells due to prolonged pressure.
Berlowitz and Brienza'® also theorized that PrUs develop at the
deep tissue layers with damage progressing outward toward the
skin surface, whereas others hypothesize that the development
of PrUs is really a “top-down”” phenomenon, with tissue destruc-
tion proceeding downward to the deeper tissue layers."’

More than 100 risk factors have been cited in the literature to
be related to PrU development,”® affirming the multifactorial etio-
logy of PrU development. Although PrU risk assessment scales
such as the Braden Scale®! capture some of these risk factors,
other risk factors have also been empirically correlated with PrU
development. Some of these factors include comorbidities, such
as diabetes, infection, vascular disease, cardiovascular disease,
anemia, >’ hypo’tension,25 advancing age,23’24’27729 vasopressor
agents,”>**?” and history of PrUs.** An ongoing debate as to
whether all PrUs are preventable® has left clinicians to find
answers to why they develop despite optimal care.

In the acute care setting, the concept of the unavoidable PrU is
ambiguous and lacks regulatory support at this time to substantiate
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its existence. According to expert consensus in 2010 and re-
affirmed in 2014, the National Pressure Ulcer Advisory Panel
(NPUAP) defined the unavoidable PrU as an ulcer that forms
because of the individual’s clinical conditions and risk factors,
despite all standard prevention measures that are applied and
revised as appropriate.®>* Although agreement exists among
experts and clinicians that the phenomenon of the unavoidable
PrU exists in acute care patients,”' > this determination usually
occurs after ulcer development. Situations favoring the develop-
ment of an unavoidable PrU would include circumstances such
as hemodynamic instability that prohibits mobility, septic shock,
impaired cardiopulmonary status, sustained head elevation, or
the presence of malnutrition and cachexia.”

Skin failure occurs when blood is shunted away from the skin
to maintain perfusion and nutrients to vital organs, such as the
heart, lungs, and kidneys.®* As vital organs begin to fail, perfu-
sion to the skin diminishes with resulting ischemic changes
leading to tissue and skin necrosis.** Langemo and Brown® fur-
ther categorized skin failure as either chronic, end stage, or acute.
Chronic skin failure is characterized by skin and tissue death that
occurs in conjunction with chronic disease. It is not a transient
process but is gradual and occurs in tandem with multiple chronic
comorbidities leading to organ failure and subsequently skin fail-
ure. End-stage skin failure occurs at the end of life in the final
days or weeks before death. With ensuing death, the physical
manifestations of skin failure can often occur over a short period,
typically with a deep destruction of the skin visible within days or
even hours.” In 2009, a panel of experts was convened to develop
a consensus statement termed SCALE (Skin Changes at Life’s
End) to define the presence of end-of-life skin failure. To date,
the majority of research or opinions on skin failure have been
aimed at the terminally ill or palliative care populations.” %57

Acute skin failure (ASF) describes the hypoperfusion state that
leads to tissue death that occurs simultaneously to a critical ill-
ness. Based on Langemo and Brown’s” work, Shanks et al® de-
fined ASF as “pressure-related injury concurrent with acute illness
as manifested by hemodynamic instability and/or major organ
system compromise.” The heavy burden of illness experienced
by critical care patients makes them a prime population in which
ASF can occur. Clinical manifestations, such as compromised
circulation and impaired perfusion®; prolonged hypotension®;
organ failure, including respiratory, renal, cardiac, or liver fail-
ure®®?’; and sepsis,*® have all been found to be related to ASF
in the critical care population.

Experts agree that the occurrence of a PrU differs from an ul-
cer due to ASF; however, no formal diagnostic criterion currently
exists to identify ASF.?* A review of the empirical literature yields
the following influential factors that have been associated with

40-45

ASF: impaired nutrition, multisystem organ failure, limited
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tissue perfusion, severe anemia, sepsis, severe sepsis, septic shock,
multiple organ dysfunction syndrome (MODS), diabetes, immo-
bility,***” surgery greater than 3 hours,*® prolonged hypotension,
vasopressors,”**” and prolonged mechanical ventilation.”” Thus,
it is plausible in the critical care population that many of the
ulcers that develop are often classified as PrUs, but could rep-
resent manifestations of ASF. However, lack of diagnostic criteria
to define ASF impedes this conclusion. Hence, this presents a
clinical challenge, as well as an opportunity for practitioners—
the acknowledgment that ASF exists, but no clear-cut diagnostic
criteria in which to support its existence and lack of empirical
evidence to define and describe this phenomenon.

The purpose of this study was to identify and describe the
factors that contribute to ASF in adult critical care patients and
to determine the predictors of ASF in a sample of adult critical
care patients. Based on the works of both Langemo and Brown®
and Shanks et al,”> ASF has been defined in this study as a
pressure-related injury concurrent with critical illness that mani-
fests as a result of the hemodynamic instability and/or hypo-
perfusion that occurs as a result of organ system compromise
and/or failure. Thus, the authors are investigating factors that
potentially contribute to ulcer formation due to ASF, yet were
previously identified in the patient record as PrUs.

METHODS

A retrospective case-control methodology was used for this study.
The sites for this study were 2 Magnet-designated medical cen-
ters in the Northeast. Site 1is a tertiary urban medical center with
702 beds, including 55 adult intensive care unit (ICU) beds. Site 2
is a suburban teaching hospital with 500 beds, including 18 adult
ICU beds.

The sample sizes for both the main and validation analyses
were calculated based on the clinical assumption that approx-
imately 10% of patients (between 2009 and 2011) admitted to the
ICU would develop ulcers within 3 days after admission. The
percentage of possible “at-risk” patients, that is, the combined
average of ICU-acquired PrUs (hospital-acquired PrUs), was
calculated for both institutions using the National Database of
Nursing Quality Indicators (NDNQI) PrU estimate of incidence
rate me’chodology.51 Per the NDNQ)I, the formula used to es-
timate PrU incidence is as follows: number of patients who
acquired a PrU after admission to the hospital/total number of
patients in the population studied; multiply quotient by 100 to
obtain a percentage. In order to adequately power this study, the
authors chose to use case-control data, with cases (patients who
developed ulcers) and controls (patients who did not) selected at
the ratio of 1:2, respectively. The authors fitted a prospective
logistic model to these case-control data.

WWW. WOUNDCAREJOURNAL.COM

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.


http://WWW.WOUNDCAREJOURNAL.COM

For the main analysis, with the authors’ conservative esti-
mate that the variable or variables that significantly predict the
occurrence of ASF have an odds ratio (OR) of 2 or more in
favor of developing ASF within 3 days, assuming an 7> for the
covariates of 0.3, and assuming that the breakdown of patients
for the binary predictor variables is no more divergent than
30%/70%, they estimated that 450 patients were required to
detect an OR of 2 or higher for at least 1 variable. Thus, 150 pa-
tients who had ulcers and 300 patients who did not would
be sufficient to detect an OR of 2.0 at a level of .05 with 80%
power (calculated using PASS 2008; NCSS Statistical Software,
Kaysville, Utah).

The validation analysis tested the predictive accuracy of
the final model. The validation data set consisted of a total of
102 patients, 34 with ulcers and 68 ulcer-free to obtain the pre-
dictive accuracy of the final model. The validation data set was
selected so that one-third of the total number of patients was in
the PrU group, as was the case in the main data set.

This study was approved by the institutional review board of
both medical centers. Because this research involved chart ex-
traction only, no consent was required. All data were recorded on
data collection sheets designed for this study and devoid of all
personal identifiers to protect patient confidentiality.

All charts were reviewed to determine if they met the inclu-
sion or exclusion criteria. The inclusion criteria consisted of adult
patients (>18 years of age) who were admitted into the critical
care setting of the participating medical center, with at least a
3-day ICU stay. A 3-day length of stay (LOS) was chosen, as this
timeframe would be adequate to detect the development of a new
PrU, which can take at least 48 to 72 hours to develop.48 Ex-
clusion criteria included actively dying patients with the rationale
that end-of-life patients are believed to develop chronic skin
failure; patients with a preexisting PrU with the rationale that this
study sought to find those factors associated with the develop-
ment of ASF during a patient’s ICU stay; patients younger than
18 years as this study sought to determine factors in an adult
population; lack of PrU prevention measures without justifica-
tion for nonadherence with the rationale that the detection of
true ASF may be construed as a PrU that occurred as a result of
nonadherence to prevention measures. Data for the main and
validation analyses were collected on patients who were dis-
charged from both medical centers in 2011. For both the main
and validation analyses, patients with PrUs were purposively
selected, but patients without PrUs were randomly selected,
providing the patients for both these groups met the inclusion
criteria and from the same time period. Both facilities possess
PrU prevention protocols based on the NPUAP/European Pressure
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Ulcer Advisory Panel clinical practice guidelines current at the
time of study inception.

The following variables, empirically found to be associated
with ASF, were included as variables in this study: (1) impaired
nutrition defined as any of the following: body mass index of less
than 18.5 kg/m?, C-reactive protein of more than 10 mg/dL, 5- to
10-1b unintentional weight loss before admission (>2% in 1 week
or >5% in 1 month or >10% in 6 months)**™® first value re-
corded for ICU admission and for patient with PrUs, most recent
values before PrU development; (2) organ failure defined as
respiratory failure, renal (acute or chronic) failure, cardiac failure,
and/or liver failure based on the International Classification of
Diseases, Ninth Revision coding; (3) limited tissue perfusion evi-
denced by documentation of 1 of the following variables: myo-
cardial infarction diagnosed during current admission, severe
anemia (hemoglobin <7 g/dL),”* vasopressor use resulting in
peripheral necrosis (toes, fingers), peripheral arterial disease
(PAD), and cardiac arrest sustained during current admission; (4)
diagnosis of sepsis, severe sepsis, septic shock, or MODS; (5)
diabetes diagnosis; (6) immobility***” defined as completely de-
pendent in all transfers and position changes due to one of the
following: sedation, intubation, balloon pump, restraints, active
CVA (diagnosed during current admission); (7) surgery of more
than 3 hours*®; (8) prolonged hypotension: greater than 48 hours
with any of the following: systolic blood pressure of less than
90 mm Hg and/or diastolic blood pressure of less than 60 mm Hg
and/or mean arterial pressure of less than 60 mm Hg; (9) vaso-
pressors: use during the ICU admission inclusive of norepineph-
rine, epinephrine, phenylephrine, vasopressin, and dopamine,
and/or use of any of these vasopressor agents prior to PrU de-
velopment; and (10) mechanical ventilation: greater than 72 hours.

For analysis purposes, these variables were then grouped into
categories to help describe their significance to ASF: (1) disease
status: diabetes, organ failure; (2) physical conditions: impaired
nutrition, limited tissue perfusion, sepsis bundle, immobility, pro-
longed hypotension; and (3) conditions of hospitalization: sur-
gery greater than 3 hours, vasopressors, and ventilator days.

The following baseline variables were also included in the anal-
ysis: (1) sex, (2) race, (3) age, (4) admitting and ICU diagnoses
and total hospital and ICU LOS, (4) admission Braden Scale score,
(5) type of surgery, (6) Acute Physiology and Chronic Health
Evaluation II score 19 or less (25% risk of death) or 20 or greater
(40% risk or death),®® and (7) evidence of adherence to PrU pre-
vention measures as per the current prevention guidelines (note:
both institutions use the same evidence-based guidelines).* Charts
were reviewed for documentation to PrU prevention measures,
and only patients with these measures in place, or with acceptable
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justification, were included. In patients who developed an ulcer: (a)
stage, (b) location, (c) date and time of PrU occurrence during the
ICU admission, and (d) Braden Scale score on ICU admission, as
well as day before and day of PrU discovery.

STATISTICAL ANALYSIS

Logistic regression modeling was used to select a set of patient
characteristics and hospital conditions that predicted the occur-
rence of ASF after ICU admission. The following scheme was
used for model building: univariate logistic regression analyses
were initially used to select predictor variables that were signifi-
cantly associated with development of ASF with an OR in favor
of development of ASF of 2 or greater. In addition, exploratory
analysis of variables describing sepsis (sepsis, severe sepsis, sep-
tic shock, and MODS), were performed to decide how to best use
these variables in the analyses. Sepsis was not significantly asso-
ciated with ASF and therefore was not used in further analyses.
Severe sepsis and septic shock were significantly associated with
ASF. Clinically, these 2 variables are the most common diagnoses
that warrant an ICU admission and therefore were combined.
On the sepsis continuum, MODS is clinically very different from
the other conditions due to the multiorgan dysfunction-failure
that ensues. Thus, “sepsis bundle,” consisting of either severe
sepsis or septic shock, was used as a dichotomous (yes/no) var-
iable in the model.

The predictor variables that were significantly associated with
ASF were then used in a series of stepwise multiple regression
analyses to select those variables that were significantly and in-
dependently associated with the development of ASF. Each step-
wise analysis addressed a distinct set of predictors, representing
(1) disease status: diabetes, organ failure; (2) physical conditions:
impaired nutrition, limited tissue perfusion, sepsis bundle, immo-
bility, prolonged hypotension; and (3) conditions of hospitalization:
surgery greater than 3 hours, vasopressors, and ventilator days.

Variables from each stepwise analysis that were significantly
associated with occurrence of ASF were then used in a compre-
hensive stepwise logistic regression model to select a final set of
significant and independent predictor variables from the previous
3 categories. The Hosmer-Lemeshow goodness-of-fit statistic
was used to assess the fit of the model.

Areceiver operating characteristic (ROC) curve was constructed
using the final model; the area under the ROC curve (AUC) was
used to estimate the diagnostic accuracy of the ROC curve. Using
the final regression model, a score consisting of the probability P
of developing ASF can be estimated for each patient. The data
obtained from the ROC curve can be used to select a cutoff point
for the score that predicts the occurrence of ASF with a balance of
sensitivity and specificity desired by the investigator.
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In the validation stage of the authors’ study, they tested their
logistic model with patient data unrelated to the development
of the model in the main analysis. The validation data set con-
sisted of 102 patients. For each patient in the validation sample,
the probability P of developing ASF was obtained using the re-
gression coefficients from the model developed using the au-
thors” original sample of 450. Classification tables were used for
validation. These tables are commonly used to estimate overall
classification accuracy (percentage of true positives + false nega-
tives) of a logistic model. The tables cross-classify the observed
ASF status (present/absent) by the predicted probability P of de-
veloping ASF, where P is dichotomized at an arbitrary cutoff
point. Tables were constructed for both the original 450 patients
and for the 102 patients comprising the validation subset, and the
2 tables were compared. The cutoff point chosen for both tables
was .33, which is equal to the percentage of patients with ASF in
the 450 original subjects.

RESULTS

Characteristics of the Study Sample

The mean age of the study sample was 71 (SD, 15.6) years, with
56% (n =251) male and 79% (n = 356) white patients. The mean
ICU LOS was 9 (SD, 9.8) days. The top 2 ICU admitting diag-
noses were respiratory failure (27%, n = 120) and hemodynamic
instability (22%; n = 101). Respiratory failure and renal failure
were the most commonly reported organ system failures among
this study sample at 50% (n = 224) and 25% (n = 114), respec-
tively. The mean Braden Scale score on admission to the ICU was
14 (SD, 3.5) (Table 1). On analysis of the 150 PrU-positive
patients, 82 developed a PrU on the sacrum (54.7%). The most
common stage of PrU recorded was suspected deep tissue injury,
and the most common location was reported as the sacrum
(50%) (n = 75). The majority (67%) of the PrUs developed in the
first week of the ICU admission (n = 101) (Table 2).

Main Analysis

Table 3 presents the final logistic regression model developed
using the initial data set of 450 patients. All variables previously
mentioned were analyzed, including those variables empirically
found to be associated with ASF in addition to the baseline var-
iables. However, only 5 variables were found to be significantly
and independently related to ASF. The significant and indepen-
dent predictors of skin failure are shown with their regression
coefficients with SEs, their adjusted ORs with 95% confidence
intervals, and their P values. The predictors in the final model are
PAD, mechanical ventilation for more than 72 hours, respiratory
failure, liver failure, and severe sepsis/septic shock. Each variable
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Table 1.
DEMOGRAPHIC CHARACTERISTICS FOR THE MAIN
AND VALIDATION ANALYSES

Validation®

Variable Main® (n = 450) (n = 102)

Age, mean (SD), range, y 71 (15.7),20-99 71 (15.7), 19-93

Sex

Male 251 (56) 57 (55.9)

Female 199 (44) 45 (44.1)
Race

White 356 (79.1) 78 (76.5)

Black/African American 36 (8) 8 (7.8)

Hispanic 35 (7.8) 7 (6.9)

Asian/Pacific Islander 22 (4.9) 9 (8.8)

Other 1(0.2) 0 (0)
Hospital length of stay, 9 (17), 2-208 20.2 (15.2), 3-80
mean (SD), range, d
ICU length of stay, mean 9 (10), 2-85 11.5(11.5), 3-58

(SD), range, d
Braden Scale score ICU
admission, mean (SD),

14 (3.5), 7-23 13.5 (3.2), 7-23

range

Braden Scale score ICU 396/449° 96/102

admission, patients “at risk” (18)

APACHE Il score

19 280 (62) 58 (56.9)

>20 170 (38) 44 (43.1)

ICU admitting diagnosis
Respiratory failure 120 (27) 28 (28)°
Hemodynamic instability 101 (22) 20 (20)
Septic shock 36 (8) 3(3)
Valve replacement 31 (7) 8 (8)
CABG/valve 26 (6) 7 (7)
Neuromedicine 22 (5) 9(9)
Neurosurgery 18 (4) 0 (0)
Gastrointestinal surgery 18 (4) 3(3)
Gastrointestinal medicine 15 (3) 5 (5)
CABG 15 (3) 2 (2
Sepsis 14 (3) 3(3)
Aneurysm 72 4 (4)
Vascular 6 (1) 0 (0)
Other 21 (5) 10 (10)

(continues)

WWW. WOUNDCAREJOURNAL.COM

Table 1.
DEMOGRAPHIC CHARACTERISTICS FOR THE MAIN
AND VALIDATION ANALYSES, CONTINUED

Validation®

Variable Main® (n = 450) (n = 102)

Cardiac surgery

CABG valve replacement surgery 68 (22) 2 (7)
CABG/valve replacement 44 (14) 8 (26)
Other 28 (9) 7 (23)
Thoracic aneurysm repair 9 (3) 10 (32)
7 (2) 4 (13)

Abbreviations: CABG, coronary artery bypass graft; ICU, intensive care unit.
#Values are number(%) unless otherwise specified.

One case missing.

°Results in this category vary from 0.1 to 0.5 because of rounding errors.
9Results in this category vary from 0.1 to 0.5 because of rounding errors.

has an adjusted OR of 2 or more, except for severe sepsis/septic
shock, with an OR of 1.9, and each variable is significantly as-
sociated with skin failure (P < .04). The Hosmer-Lemeshow
statistic, measuring the fit of the model, was 1.37 (P = .927),
indicating an excellent fit of the model to the data.

Figure 1 displays the ROC curve that is used to assess the
overall utility of the final regression model. The AUC, equaling
0.793, indicates substantial predictive accuracy.

Validation Analysis

For the validation analysis, 102 subjects were selected in the
same manner as the original 450 subjects. Thus, no bias was
introduced by different selection methods. In this analysis, the
validation subjects were classified as patients who will develop
or not develop ASF, based on the regression coefficients esti-
mated using the authors” original 450 subjects. Figure 2 shows
the ROC curve using the model on the validation subset. The
AUC is 0.788, showing substantial predictive accuracy when the
final regression model is applied to the validation subset.

Table 4 displays the 2 classification tables created using the
original sample and the validation sample. Note that the over-
all accuracy is high and is very close for the 2 samples: 73.6% for
the original sample and 74.5% for the validation sample. These
similar results are evidence of the substantial utility of our logistic
regression model.

DISCUSSION
Acute skin failure has been conceptually defined as a pressure-
related injury concurrent with acute illness that manifests as a
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Table 2.

ANALYSIS OF PRESSURE ULCERS: MAIN AND

VALIDATION ANALYSES

Main® Validation®
Variable (n = 150) (n = 34)
Stage of worst ulcer
Stage | 3 () 0 (0)°
Stage I 43 (29) 5 (15)
Stage llI 7 (5) 1(3)
Stage IV 5 (3) 1(3)
Unstageable 17 (11) 3(9)
Suspected deep tissue injury 75 (50) 24 (71)
Location
Sacrum 82 (54.7) 15 (44)
Heel 28 (18.7) 1(3)
Buttocks 25 (16.7) 10 (29)
Trochanter 4 (2.7) 1(3)
Coccyx 4 (2.7) 1(3)
Spinous process 4 (2.7) 1(3)
Other 3 (2.1) 5 (15)
Days to pressure ulcer detection
1-3 68 (45) 9 (27)
4-6 25 (17) 10 (29)
7-9 20 (13) 8 (23)
10-12 12 (8) 109
13-15 12 (8) 2 (6)
16-44 13 (9 4 (12)

2Values are number (%) unless otherwise specified.
PResults in this category vary from 0.1 to 0.4 because of rounding errors.

result of hemodynamic instability and/or major organ system com-
promise.” Currently, however, there is a lack of distinct diagnostic
criterion in which clinicians can distinguish the phenomenon of
ASF from a PrU. The objective of this research was to determine
factors that may lead to ASF in the critical care patient.

The variables for this research were selected based on the
existing body of literature surrounding the concept of ASF de-
spite the paucity of research available. Overall, the findings from
this research demonstrated concurrence with the conceptual de-
finition. In this research, the variables, PAD, mechanical ven-
tilation greater than 72 hours, respiratory failure, liver failure, and
severe sepsis/septic shock, were found to be statistically signifi-
cant and independent predictors of ASF in the ICU patient.

In this study, patients with a concomitant diagnosis of PAD
were found to be almost 4 times more likely to develop skin
failure. Consistent with the literature, PAD was placed in the
broader category labeled as limited tissue perfusion as this con-
dition is believed to have influence on skin failure.***” The term
PAD is a general term that encompasses noncoronary arterial
syndromes and is due to pathophysiologic processes that alter
the structure and function of the aorta and peripheral arteries,
such as atherosclerosis.”* Thus, in concert with the definition
of organ compromise as a manifestation of ASF, PAD represents
a compromise in the vascular system, which can have dele-
terious effects on the skin, including the development of skin
breakdown.

In this study, the variable mechanical ventilation greater than
72 hours was found to be significantly and independently related
to the presence of ASF. In the empirical literature, the presence
of respiratory failure has been significantly associated with both
skin failure and the unavoidable PrU. For example, in their skin
failure study involving a critical care population, Curry et al*®
found that 90% experienced respiratory failure, with 86% of

Table 3.

MAIN ANALYSIS RESULTS SHOWING SIGNIFICANT AND INDEPENDENT PREDICTORS OF ACUTE SKIN FAILURE IN

THE FINAL LOGISTIC REGRESSION MODEL (N = 450)

Predictor Variable Regression Coefficient’ SE [? Odds Ratio 95% Confidence Interval
Peripheral arterial disease 1:33 0.42 .002 3.8 1.64-8.66
Mechanical ventilation >72 h 1.10 0.27 <.001 3.0 1.78-5.05
Respiratory failure 1.15 0.28 <.001 3.2 1.82-5.40
Liver failure 1.07 0.52 .04 2.9 1.05-8.08
Severe sepsis/septic shock 0.65 0.27 .02 1.9 1.14-3.20

2Each regression coefficient in the final logistic regression model is a log-odds ratio, equal to the logarithm of the ratio of the odds of developing ASF with and without a specified risk factor.
Each log-odds ratio is adjusted for the other predictors in the model. The exponents of the log-odds ratios are adjusted odds ratios, which provide a more intuitive and interpretable description of the
associations between predictors and outcome.
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Table 4.

CLASSIFICATIONS TABLE FOR THE ORIGINAL PATIENTS (MAIN ANALYSIS) ON WHICH THE LOGISTIC REGRESSION
MODEL WAS BASED (N = 450) AND FOR THE VALIDATION SAMPLE (N = 102)

Classification Tables®

Model Development Sample (n = 450)

Validation Sample (n = 102)

Predicted

Predicted

ASF Present

ASF Present

Observed No Yes Percentage Correct No Yes Percentage Correct
ASF present Yes 222 78 74.0 48 20 70.6

No 41 109 72.7 6 28 82.4
Overall percentage 73.6 74.5

Abbreviation: ASF, acute skin failure.
“The cutoff value is 0.33.

the sample requiring mechanical ventilation. In another study of
factors associated with unavoidable PrUs, 75% required the use
of mechanical ventilation and were found to be in respiratory
failure.’” The need for prolonged mechanical ventilation may

support the occurrence of prolonged organ compromise in con-
cert with the definition of ASF.

In this study, liver failure emerged as one of the significant vari-
ables in the final predictive model for the main analyses and confirmed

Figure 1.
RECEIVER OPERATING CHARACTERISTIC (ROC) CURVE
FOR THE MAIN ANALYSIS (N = 450)

ROC Curve
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This ROC curve plots sensitivity against (1- specificity) for each possible value of P (the
probability of developing acute skin failure) based on the authors’ original data using their
final logistic regression model.
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Figure 2.
RECEIVER OPERATING CHARACTERISTIC (ROC) CURVE
FOR THE VALIDATION ANALYSIS (N = 102)
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This ROC curve plots sensitivity against (1 — specificity) for each possible value of P (the
probability of developing ASF) obtained using the authors’ final logistic regression model
with their validation dataset.
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in the validation model. These findings were similar to Curry et al,*®
who found liver failure to be a contributor to skin failure. More-
over, Curry et al™ found that 2 or more failed organ systems, including
liver failure, also resulted in skin failure. In another retrospective
study, Levine et al*’ also found liver failure to be significantly
associated with what was categorized as the unavoidable PrU.

Consistent with the emerging literature regarding ASF, this
research demonstrated a significant multivariate relationship
between severe sepsis/septic shock and the presence of ASF. For
the purpose of analysis, the variables severe sepsis and septic
shock were combined into 1 variable as clinically these diagnoses
commonly necessitate an admission into a critical care unit.*®
Sepsis overall is one of the leading causes of death in critical
care patients with a mortality rate approaching 30%.° In septic
shock, the overwhelming inflammatory response can lead to
widespread tissue hypoxia and necrosis. Decreased perfusion to
the vital organs ensues along with an alteration in the oxygen
extraction from body cells.** All of these pathophysiologic events
can set the stage for ASF. As decreased perfusion affects the
functionality of the vital organs, the skin as an organ will also be
impacted secondarily and begin to fail. In fact, in 1 study, sepsis
was found in more than 60% of critical care patients with a
diagnosis of skin failure.*® Curry et al*® noted that patients who
experienced sepsis also experienced multiorgan failure in their
population of patients with skin failure.

LIMITATIONS

One of the limitations of this study was its retrospective design.
Data were collected via retrospective chart review, and therefore,
this type of review may limit the availability and accuracy of the
clinical information documented. The sampling methodology to
include cardiac surgery patients may also be considered a limita-
tion of this study as elective cardiac surgery patients are typically
stable prior to surgery and rendered critically ill for only a short
period in the immediate postoperative period. Use of a different
surgical population may render different findings.

CONCLUSIONS

The purpose of this research was to test clinical factors that have
been empirically associated with the phenomenon of ASF in the
literature. In this study, this was accomplished via a retrospective
review; however, a more compelling case using a prospective
approach may provide stronger evidence and criterion for ASFin
the critical care patient. Moreover, this may further assist the
clinician in distinguishing clinical features of ASF from chronic
skin failure and SCALE. Although the concept of the unavoid-
able PrU is gaining wider acceptance with improved under-
standing of the events that contribute to these ulcers emerging,*

ADVANCES IN SKIN & WOUND CARE ¢ VOL. 28 NO. 11

the concept of ASF remains an enigma. It is plausible that some
clinical situations that now result in an unavoidable PrU may
in fact be better categorized as ASF because of the pathophys-
iologic changes inherent in ulcer development. Critically ill pa-
tients with altered tissue perfusion, hemodynamic instability,
and multiorgan failure may be ripe candidates for the develop-
ment of ASF.

Consideration for the diagnosis ASF, however, must also
take into account the presence of current PrU prevention/
intervention strategies, as ASF cannot be accurately distinguished
from a PrU if the current standard of PrU prevention has not
been maintained. Clinicians are charged with continuing to pre-
vent PrUs using evidence-based prevention strategies, with
an awareness that in certain clinical situations and popula-
tions, such as the critically ill, the development of PrUs may
continue despite the consistent application of these strategies in
practice. In these situations, the possibility that ASF may be
occurring should be taken into consideration in the critical care
population. Failure to accurately distinguish clinical factors that
lead to a PrU from factors that can result in a lesion better
characterized as ASF can also result in serious financial and legal
consequences for healthcare practitioners and institutions. An
accurate diagnosis of ASF, rather than a PrU, has the potential
to reduce litigation exposure and the subsequent financial im-
pact absorbed by institutions. Medical costs associated with
PrU development in hospitalized patients is conservatively esti-
mated at $43,180.>” Currently, regulatory bodies, such as state
departments of health, require that institutions report facility-
acquired Stage III/IV PrUs. Practitioners are thus in a quandary,
as lesions that may be more accurately diagnosed as ASF are
currently reported as PrUs. With more clearly defined diagnostic
criterion for ASF, the clinician is afforded the ability to consider
ASF as a possible differential diagnosis, especially in critically
ill patients.

In this research, PAD, mechanical ventilation greater than
72 hours, respiratory failure, liver failure, and severe sepsis/septic
shock emerged as significant independent predictors of ASF.
Heightening awareness to the diagnosis of ASF has the potential
to evoke an alternative thought process in all members of the
critical care team, including administrators. Enlightening all mem-
bers of the interdisciplinary team to the phenomenon of ASF
undoubtedly will require a distinct educational focus that has the
potential to profoundly impact care in the future. Although more
research is warranted to further validate these findings, the im-
pact of these findings can be significant. In the end, more concise
diagnostic criteria provide clarity to clinicians regarding the etio-
logy of these lesions, which can improve the quality of care
delivered and potentially decrease healthcare costs.
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PRACTICE PEARLS

* Acute skin failure has been conceptually defined as a pressure-
related injury concurrent with critical illness that manifests
as a result of hemodynamic instability and/or major organ
system compromise.

» Pressure ulcers and ASF can occur simultaneously, as failing
skin increases susceptibility to the forces of pressure and shear.
+ Consideration for the diagnosis ASF however, must also take
into account the presence of current PrU prevention/intervention
strategies, as ASF cannot be accurately distinguished from a
PrU if the current standard of PrU prevention has not been
maintained. At the present time, no formal diagnostic criterion
currently exists to identify an ulcer that occurs as a result of ASF.
* The variables PAD, mechanical ventilation greater than
72 hours, respiratory failure, liver failure, and severe sepsis/septic
shock were found to be significant predictors of acute skin
failure in this sample of ICU patients.

« It is plausible that some clinical situations, such as those
that manifest in the critically ill population that now result
in an unavoidable PrUs may in fact be better categorized as
ASF due to the pathophysiologic changes inherent in ulcer
development.
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