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A Retrospective, Descriptive, Comparative
Study to Identify Patient Variables That
Contribute to the Development of Deep
Tissue Injury Among Patients In

Intensive Care Units

Holly Kirkland-Kyhn, PhD, FNP-c, GNP-c, CWCN; Oleg Teleten, MS, RN, CWCN; and
Machelle Wilson, PhD

Abstract

Deep tissue injury (DTI) may develop in critically ill patients despite implementation of preventive interventions. A retrospective,
descriptive study was conducted in a 620-bed, level 1 trauma, academic medical center with 7 adult intensive care units ([ICUs]
cardiac surgery, trauma surgery, burn surgery, med-surgery, neurosurgery, medical, and transfer) among patients treated from
January 1, 2010 to January 1, 2015. All patients 18 years of age or older that developeda sacral DTl that evolved into a Stage 3,
Stage 4, or unstageable hospital-acquired pressure ulcers (HAPU) in the ICU were included. Control group data were obtained
from a sample of ICU patients who did not develop a DTI during.1 random day during that time period. Data were extracted
from electronic medical records to compare ICU patients that developed a DTI (n = 47; age 55 [range 28-93] years, 28 men) to
those who did not develop a DTl (n = 72; age 58.9 [range 18=94] years, 46 men). Twenty-five (25) potential sociodemographic
and clinical risk factors were identified from root cause analysis and measured for significance. Systolic and diastolic blood
pressure, length of surgery, hematocrit levels, international ratio, dialysis treatments, history of shock or vasopressor use, and
total Braden score were significantly (P <.05) different between the general and HAPU population. Braden scores were low
for general ICU (15.0 + 0.4) and HAPU patients (12.9 + 0.3) (P.= 0.03). Multivariate, univariate, and regression analysis showed
patients with poor perfusion (low blood pressure) (OR 0.93; 95% CI 0.88-0.99), prolonged surgical procedures (time in surgery
OR 1.20; 95% CI 1.07-1.33), or a history ofdialysis (OR 4.0; 95% CI 0.060-0.99) and shock (OR 10.0; 95% CI 0.025-0.43) were
at greatest risk for the development of DTl evolvingiinto a Stage 3, Stage 4, or unstageable HAPU. For every mm Hg decrease
in diastolic blood pressure, the odds of a DTl increased by approximately 7.5% (1/0.93 = 1.075). For every hour increase in
surgery, the odds of developing a DTI increased by 20%. These data suggest when all modifiable (Braden Scale-identified)
risk factors are addressed, as was the case'in this population, patient-related risk factors may be more important for HAPU
development in ICU patients than quality of nursing care variables. Future research should focus on the role of and methods
to increase perfusion to prevent DTlI'development, especially during dialysis and surgical procedures.
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ospital-acquired pressure ulcers (HAPU) represent a HAPU in critically ill patients in intensive care units (ICU).
major burden of illness and can develop across the con-  The National Pressure Ulcer Advisory Panel* (NPUAP) guide-
tinuum of care (acute care hospitals, long-term care, skilled lines state DTI presents as a “purple or maroon localized area
nursing facilities, and at home) despite best practices for pre-  of discolored intact skin or blood-filled blisters, due to damage
vention. According to a review of the literature,' deep tissue  of underlying soft tissue from pressure and/or shear” DTI may
injuries (DTT) may be a precursor to the development of a  evolve into Stage 3, Stage 4, and unstageable pressure ulcers.*

Dr. Kirkland-Kyhn is a Family and Geriatric Nurse Practitioner and Director of Wound Care; Mr. Teleten is a registered nurse certified in wound care; and Dr.
Wilson is a senior statistician, University of California, Davis, Medical Center, Sacramento, CA. Please address correspondence to: Holly J. Kirkland-Kyhn, PhD,
FNP, University of California, Davis, Medical Center, PCS, 2315 Stockton Boulevard, Sacramento, CA 95817; email: kirklandwalsh@ucdavis.edu.

42 0STOMY WOUND MANAGEMENT® FEBRUARY 2017 WWWw.0-wm.com



The incidence of HAPU in ICUs in the United States has been
reported to range from 10% to 41%.>°

Both DTT and pressure ulcers are localized areas of tissue
necrosis that develop most frequently over a bony prominence
when soft tissue is compressed by an external surface over a
period of time.? The consequences of pressure-induced injury
to skin range from nonblanchable erythema of the skin (Stage
1) to full-thickness deep ulcers involving muscle and bone (os-
teomyelitis) in Stage 4.> Berlowitz and Brienza' posited clini-
cally superficial (Stage 1 and Stage 2) pressure ulcers may have
a different etiology than DTT or perhaps all pressure ulcers
arise from DTIL The NPUAP guidelines?® suggest applied pres-
sure, shear, friction, and moisture contribute to the develop-
ment of a pressure ulcer. However, other patient-related factors
may provide a greater contribution to the development of DTI
that evolve into Stage 3, Stage 4, or unstageable pressure ulcers,
especially in patients who receive interventions designed to
prevent the modifiable risk factors of pressure, shear, friction,
and moisture. The 2009 white paper by the NPUAP? suggested
occurrences of HAPUs, despite all prevention interventions in
critically ill patients, may not be preventable.’

Although other scales and tools have been developed for
risk assessment, the literature review by Kelechi et al” found
the Braden Scale is the most commonly used worldwide. The
Braden Scale has 6 constructs in the areas of sensory percep-
tion, mobility, activity, moisture, friction/shear, and nutri-
tion. These constructs are assigned a score on a scale of 1 to 4,
with higher scores showing a lower risk for the development
of HAPU. Modifiable risk factors included in the Braden Risk
Assessment Scale include interface pressure; shearing forces,
friction, moisture, and nutrition.?

According to the institutional policy of the authors’ facil-
ity, nurses are responsible for performing HAPU risk assess-
ment at regular, predefined intervals. However, the Braden
Scale was developed for use in long-term care facilities and
has been adopted by the acute care setting without further
validation for acute care patient risk assessment.®

A significant gapin the knowledge exists in identifying
and quantifying patient-related risk factors that contribute
to the development of DTIs that evolve into Stage 3, Stage 4,
and unstageable HAPU in ICUs. It has been suggested hospi-
tals use their own data, over time, for pressure injury predic-
tion and to develop risk models for their specific population.®
Hospital-specific data were used in this study to further the
science on the development of DTIs and pressure injury in
critically ill patients in ICUs.

Purpose

The purpose of this study was to identify common patient
characteristics and factors (vulnerabilities) that contribute to
the development of DTIs that evolved into Stage 3, Stage 4, and
unstageable HAPU in ICU patients. The secondary purpose of
this study was to define specific parameters for the risk factors to
identify patients at risk for HAPU within the ICU population.
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Key Points

e The authors conducted a retrospective study to identify
patient characteristics and variables that contribute to the
development of deep tissue injury (DTI) that evolves into
Stage 3, Stage 4, or unstageable ulcers in intensive care
unit (ICU) patients.

e Compared to the general ICU population'sample (n
= 72), patients who developed a' DTl (n = 47) had sig-
nificantly lower systolic and diastolic blood pressure,
longer time in surgery, a higher international ratio unit,
and lower Braden score and.were more likely to have
a history of dialysis, shock, and vasopressor use.

e Further analysis showed when all Braden-identified risk
factors are addressed, patients with poor perfusion (low
blood pressure), prolonged surgical procedures, or a
history of dialysis or shock were at greatest risk for the
development of DTl evolving into a Stage 3, Stage 4, or
unstageable hospital-acquired pressure ulcer.

¢ .The authors conclude more research is needed but
that efforts to reduce hospital-acquired pressure
ulcers rates in high-risk ICU patients who are receiv-
ing appropriate prevention interventions should be
focused on patient-related and not on nursing care-
related factors.

Methods

This retrospective, descriptive, comparative study was con-
ducted in a 620-bed, level 1 trauma, academic medical center
that has 7 adult ICUs (cardiac surgery, trauma surgery, burn
surgery, med-surgery, neurosurgery, medical, and transfer).
Hospital Institutional Review Board approval was obtained.
Inclusion criteria specified participants should be patients 18
years of age or older that developed sacral DTIs that evolved
into Stage 3, Stage 4, and unstageable HAPU in the ICU.

The data were abstracted following an electronic medical
record (EMR) review to identify patients who met the study
criteria and were in the hospital at any point from January 1,
2010 to January 1, 2015.

Data collected. A root cause analysis was performed on
each HAPU and 25 characteristics and factors were identi-
fied, abstracted, and entered into an Excel spreadsheet: gen-
der and age; type of ICU; length of stay (LOS) in ICU; Braden
score on admission and on the discovery of pressure ulcer;
primary and secondary medical diagnosis; HAPU location,
date discovered, initial stage, and final stage; type and length
of surgical procedures for the 2-week period before the DTI
was identified; body mass index (BMI); albumen level; low-
est measured hemoglobin and hematocrit (HCT) for the
2-week period before the DTI was identified; international
ratio (INR) for clotting of blood; lowest measured systolic
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blood pressure (SBP) and diastolic blood pressure (DBP) for
the 2-week period before the DTT was identified; and dialysis
or no dialysis, vasopressor use or no vasopressor use, docu-
mented shock and type of shock (ie, neurogenic, hemorrhag-
ic, septic, cardiogenic).

The demographic characteristics and factors collected
were based on literature review and commonalities in pa-
tient characteristic findings in the data. The EMR data were
abstracted by the primary investigator (a subject matter ex-
pert) and co-investigator (PI), who accessed the EMR of pa-
tients who had documented Stage 3, Stage 4, and unstageable
HAPU. The EMR review process was performed by both the
PI and co-investigator simultaneously to ensure the accuracy
of the data collection.

Data processing. After all HAPU data were retrieved and
entered into the Excel spreadsheet, a comparative group
was created in order to define the differences between gen-
eral, non-DTI ICU patients and patients that developed DTL
The EMR was accessed for all patients in the adult ICUs on
1 random day to have a comparison cohort of general ICU
patients. The same risk data were abstracted from the gen-
eral ICU patient group for comparison with the patients who
developed DTI. Twelve (12) factors were eliminated after
comparison analysis due to nonsignificance or no difference
between ICU patients who did and did not develop DTI. The
remaining characteristics and factors were gender, age, BMI,
length of stay, SBP, DBP, LOS, HCT, INR, dialysis, shock, use
of vasopressors, and Braden score.

Data analysis. The analysis of the data is both descrip-
tive and comparative to determine common characteristics
and factors in patients who developed DTTs that evolved into
a Stage 3, Stage 4, or unstageable HAPU. The authors used
a model selection procedure: first, possible risk factors were
identified for a multivariable logistic regression model. A
series of univariate tests was performed to identify the sig-
nificant variables. Variables were considered for inclusion if
they had a P value <.2. T-tests were conducted to assess for
association between DTI and SBP, DBP, Braden score, HCT,
BM]I, length of surgery (hours), and INR. Fisher’s exact test
was used to assess the association between DTI and dialysis,
shock (hypovolemic, hemorrhagic, neurogenic, cardiogenic,
or septic), and use of vasopressors. The authors also tested
for multicollinearity between the continuous variables using
Pearson’s correlation. If any correlation between 2 variables
was >0.6, only the variable with the larger or more clinically
relevant effect size was included. The analysis was performed
using SAS version 9.3 (SAS Institute Inc, Cary, NC). A logis-
tic regression model including all the candidates identified
was fit, and a backward selection procedure was employed to
identify covariates significant at the .05 level.

Results
A total of 119 patients with and without DTIs were in-
cluded in the study. Of the 76 general ICU patients, 4 had

44  0STOMY WOUND MANAGEMENT® FEBRUARY 2017

Table 1. Demographic characteristics

General ICU HAPU

population population
N 72 47
Average age (years) 58.9 55.0
Range 18-94 28-93
Male (n) 46 28
% 64 60
Female (n) 26 19
% 36 40
Average BMI 29.9 30.6
range 16-65.2 18.9-74.3
Average LOS (days) 12.8 24.9
Range 1124 2-82

ICU=intensive care unit; HAPU=hospital-acquired pressure ulcer; BMI=
body mass index; LOS=length of stay

developedDTI and a Stage 3, Stage 4, or unstageable HAPU;
therefore; they were placed into the HAPU group, leaving 72
in the General ICU group (see Table 1). The general average
age of the adult ICU population (n = 72) was 58.9 (range 18—
94) years, with an average BMI of 29.9 (range 16-65.2) and
average LOS of 12.8 (range 1-124) days. The HAPU popula-
tion (n = 47) had an average age of 55 (range 28-93) years,
with an average BMI of 30.6 (range 18.9—-74.3) and average
LOS of 24.9 (range 2-82) days.

The results of the univariate tests are shown in Table 2.
Mean/average SBP was <92 mm Hg, DBP <49, cumulative
length of surgery >6 hours, HCT <27, and elevated INR >1.3.
Shock (documented by the physician), dialysis treatment,
and vasopressor use were significant patient-related factors
(P <.001) in the development of DTTIs in critically ill patients.
A Braden score <18 was considered significant (P =.03). BMI
was not found to a significant risk factor.

SBP and DBP were strongly correlated, with an R = 0.7
(P <.001). No other continuous risk factors were correlated
above 0.60. Because a decrease in DBP in a hypotensive pa-
tient is more clinically significant for perfusion, only DBP
was included in the regression model.

To identify the most significant risk factors, a backward
selection procedure was performed. During this procedure,
HCT (P = .54), Braden score (P = .36), vasopressor use (P =
.41), and INR (P = .12) were eliminated.

The significant variables remaining after backward se-
lection and their odds ratios were dialysis, shock, DBP, and
time in surgery (see Table 3). The results show, after control-
ling for the covariant risk factors, patients receiving dialy-
sis had approximately 4 times greater odds of developing a
DTI compared to patients without dialysis. For patients with
shock, the odds of a DTI development were 10 times greater
than those who had no diagnosis of shock. For every mm Hg
decrease in DBP, the odds of a DTI increased by about 7.5%
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Tables 2. Univariate tests

usually caused by modifiable risk factors that are as-

Variable (units) General ICU HAPU Pvalue sociated with the Braden risk assessment.'® This study
population population focused on patients who developed DTIs that evolved

Systolic blood 116+3.3 88.841.8 <001  into Stage 3, Stage 4, and unstageable HAPU only.
pressure (mm Hg) (109.5-122.5)  (85.8-92.4) Combined low perfusion and high surface pres-
Diastolic blood 62.9420 46.3+ 1.3 <.001 sure over time was strongly associated with the de-
pressure (mm Hg) (58.2-66.3) (43.6-48.9) velopment of DTIs in this ICU population. Lon-
Length of surgery 26405 97417 <001 gitudinal”® and prevalen'ce studies" (N = 102) :?lso
(hours) (1.5-3.7) (6.2-13.2) noted' lfrolongeﬁl ocpl)eraltlng roomfolr_I I:[())[C;dilre tiimli

) contribute to the development .o ; 1 stu
Hematocrit (g/dL) (2380-96—i302.92) (224514—i2%78) <001 suggested as little as 2 toz hours of general anesthye-
. - : : — sia during a procedure may be a contributing factor.
Intgrnatlonal ratio 1.2+0.03 1.5+0.08 <.001 During a previous study® (N =49) on OR surfaces,
i) (11-1.7) (1.3-1.7) the current authors showed standard OR surfaces do
Dialysis (yes %) 29 n <.001 not provide pressure redistribution. This suggests
Shock (yes %) 2.5 87.5 <.001 pressure over the sacrum (pressure mapping >32 mm
Vasopressor (yes %) 19.4 80.6 <.001 Hg) during patient low perfusion (DBP <50; SBP
Braden score 15.0+0.4 12.9+0.3 03 <90) and prolonged OR procedures may contribute

(14.2-15.8) (12.2-13.5) to the development of DTL.

Fiod e e 996409 31.041.3 42 Pre'vious studies.measuri.ng l.)lood tflow'® an.d skin
(kg/m?) (27.8-31.5) (28.3-33.7) perfusion'” found skin perfusion is decreased during he-

HAPU=hospital-acquired pressure ulcer; ICU=intensive care unit
Values are expressed as mean + standard error of the mean and (confidence
intervals) for continuous values

Table 3. Odds ratio estimates

modialysis because of hypovolemia related to fluid re-
moval, inflammatory response, and blood flow redistri-
bution. As a result, artificially lowered perfusion during
hemodialysis treatment may contribute to DTI develop-
ment. A prospective quasi-experimental repeat measure

Effect (units) Odds 95% Wald Pvalue design study suggested low serum albumen,' higher
ratio confidence limits creatinine, higher blood urea nitrogen'>'* levels, and low

HCT" are more significant predictors for the develop-

Dialysis (yes of no) 4.0 0.060 0.99 05 ment of HAPU than the Braden score.® The results of
the current study seem to confirm some of these find-

ST (M2 Or ) 100 SR P43 002 ings. Dialysis — when used for stage 5 kidney disease
Diastolic blood 0.93 0.88 0.99 02 or acute kidney failure (higher creatinine, higher blood
pressure (mm Hg) urea nitrogen, and low HCT) — significantly increased
Time in surgery (hours) ~ 1.20 1.07 1.33 .001 the risk of developing a DTI, while the Braden score was

(1/0.93 = 1.075). For every hour increase in surgery, the odds
of a DTI increased by 20%.

Discussion

In this level 1 trauma center, a decrease in perfusion (low
SBP and DBP) due to shock states (sepsis, hemorrhagic,
hypovolemia, neurogenic, cardiogenic) and prolonged pro-
cedure times were found to be the most significant factors
contributing to DTIs in this population. Retrospective stud-
ies®'® and a literature review"' suggest the patient-specific fac-
tors found to predict an increased risk for HAPU in the ICU
setting were decreased perfusion, advanced age, procedures
lasting >2 hours, and sepsis with multiple end organ system
failure. Although similar findings were noted in the current
study, patients that developed DTIs that evolved into Stage
3, Stage 4, and or unstageable HAPU were younger than the
patients in previous studies.'® Previous studies included
outcomes of Stage 1 and Stage 2 pressure ulcers, which are
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not predictive once other risk factors were considered.

In the univariate test, the Braden score was significant (P
=.03); however, during the backward elimination procedure,
the Braden score was not considered significant (P = .4) and
therefore eliminated. It is possible the Braden score was not
significant because all (Braden-related) prevention interven-
tions were implemented for patients with scores of 18 or
below. This suggests that when basic prevention measures
have been implemented the Braden Scale is not sensitive or
specific enough to identify other risk factors associated with
the development of HAPU in ICU patients. Evidence sup-
porting the use of the Braden in predicting HAPU in ICU
patients is limited because the scale does not take into con-
sideration unique factors of critically ill patients in the ICU
setting.** In a retrospective medical review on characteristics
of hospitalized patients with vascular disease, Corniello et al*
found 9 factors contribute to HAPU; the Braden score was
the least sensitive for predicting risk of the development of

HAPU. A retrospective electronic medical record review” on
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ICU patients showed poor predictive validity and poor ac-
curacy when using the Braden Scale for risk assessment for
the development of HAPU in an ICU. These findings are
consistent with the current study results for ICU patients
who developed a DTI.

Limitations

The limitations of this study are inherent to the retrospec-
tive design. All data were collected and reviewed at the end of
5 years and as risk factors were identified. The authors may
have omitted risk factors that were unknown or unmeasur-
able at the time of this study. Previous identified possible
nutrition-related risk factors such as weight fluctuations and
prealbumen were not available for this study. A further limi-
tation of the study may be in the comparative ICU patient
data collection method.

Conclusion

In this study, ICU patients with poor perfusion (low
blood pressure) or who had prolonged surgical procedures
or dialysis were at greatest risk for the development of DTI
evolving into a Stage 3, Stage 4, or unstageable HAPU. For
every mm Hg decrease in DBP, the odds of a DTI increased
by about 7.5% (1/0.93 = 1.075). For patients with a diagnosis
of shock, the odds of developing a DTI were 10 times greater
than those who had no diagnosis of shock. For every hour
increase in surgery, the odds of developing a DTI increased
by 20%. Data presented also indicate patients with hemodi-
alysis treatments had approximately 4 times greater odds of
developing a DTT compared to patients who-did not need he-
modialysis treatments.

This study advances the knowledge of the specific risk fac-
tors, including the parameters of risk factors, that contribute
to the development of DTI. Thewunivariate test of the Braden
score was significant with confidence intervals for the general
ICU population, ranging from 14:2.to 15.8, comparable with
the Braden scores of the HAPU population (12.2-13.5), sug-
gesting all ICU patientswere at high risk for the development
of HAPU. The use of the Braden risk assessment for patients
in this study was not found to predict the risk for developing
a HAPU, which may be because all Braden-related preven-
tion interventions were implemented and documented.

In turn, this suggests when all modifiable risk factors are
addressed, patient-related risk factors may be a more impor-
tant variable for HAPU development in ICU patients than
quality of nursing care variables. In addition, the NPUAP
should consider changing the nomenclature of DTIs which
evolve into Stage 3, Stage 4, and unstageable pressure ulcers.
DTIs that originate in the ICU from poor perfusion should
not be confused with pressure ulcers that occur from mois-
ture, poor nutrition, and lack of repositioning (Braden-relat-
ed risk factors).

In addition, the study found blood pressure increases the
odds of developing DTI and HAPU — information that can
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guide hemodialysis treatment. New guidelines may be needed
to modify hemodialysis in hopes of maintaining perfusion to
the sacral area (and possibly feet) during low perfusion states.
Pressure-redistribution surfaces should be used in all patients
during low perfusion states to include outpatient dialysis, the
ICU, and during surgical procedures. Nurses should have the
authority to order evidence-based prevention interventions
that include pressure-redistribution surfaces and dressings to
ameliorate the effects of pressure, moisture;and shear.

This study confirms other reports about therole of perfu-
sion and HAPUs, suggesting a potential role for measuring
perfusion in combination with surface interface pressure, es-
pecially over bony prominences during immobile events (eg,
prolonged surgery or hemodialysis). In addition, further re-
search should focus on pressure ulcers on other bony promi-
nences that occur in low perfusion states and to investigate
additional patient-related risk factors that may contribute to
the development of DTIs and HAPU, despite implementa-
tion of all prevention interventions. As such, the authors are
working with another academic medical center in order to
replicate this study in their adult ICU population. l
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