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ABSTRACT

BACKGROUND: Cardiac surgery patients are among those most at risk for developing pressure ulcers (PUs), with a reported
incidence as high as 29.5%. Although numerous studies documenting PU risk factors and prevention strategies exist, the
availability of literature examining risk factors specific to the cardiac surgery population is limited.

AIM: A systematic review was completed that aimed to identify the risk factors associated with PU development in critically ill,
adult, cardiac surgery patients.

METHODS: The MEDLINE, CINAHL, and Cochrane databases were searched. Studies that focused on PU risk factors in critical
care, surgical intensive care, or cardiac surgery populations and used PU occurrences as an outcome variable were included in
the review.

FINDINGS: Twelve high-quality studies were retrieved and included in the review; they revealed 30 potential PU risk factors.
Current evidence is limited in 2 important ways. First, the impact of intraoperative factors, such as cardiopulmonary bypass time
or body temperature, appears to be underexplored. Second, a substantive discussion of the risk factors associated specifically
with deep tissue injuries, a unique PU category, is absent.

CONCLUSION: The relatively high PU incidence among cardiac surgery patients suggests that typical PU prevention methods
are insufficient for this population. Targeted prevention measures must be developed and implemented. Completion of this task
required identification of risk factors unique to this population. Specific risk factors likely to increase risk among cardiac surgery
patients include prolonged exposure to pressure during long surgical procedures, vascular disease, and/or vasopressor use

postoperatively. Additional research concerning risk factors specific to this population is urgently needed.
KEY WORDS: cardiac surgery, deep-tissue injury, pressure ulcers, risk factors.

INTRODUCTION

Pressure ulcers (PUs) are a common and costly complica-
tion patients experience when hospitalized. Cardiac surgery
patients are among those most at risk for PU development;
the reported incidence in cardiac surgery patients is as high as
29.5%.! Patients who develop PUs suffer from a number of
associated consequences including pain, infection, sepsis, dis-
ability, and, in rare cases, death."” Furthermore, the costs as-
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sociated with treating PUs are significant, ranging from $500
to $70,000 per individual ulcer,® and increasing length of stay
by up to 11 days.* The Centers for Medicare & Medicaid Ser-
vices has included in-house acquired category III and IV PUs
as “never events” that negatively influence reimbursement
for treatment of facility-acquired PUs.® Because of the bur-
dens PUs exert on both patients and healthcare organizations,
prevention is critical. The first step in successful prevention,
however, is identifying the most important factors that render
patients vulnerable to PU development.

Multiple studies have examined factors associated with
PU development. Commonly cited risk factors include age,
acuity of illness, immobility, moisture and comorbid condi-
tions such as diabetes mellitus, and vascular disease.>*”# The
main physical factors linked to PU development are pressure
and shearing forces.” In contrast, less is known about risk fac-
tors specific to the cardiac surgery population. The relatively
high PU incidence among cardiac surgery patients suggests
that typical PU prevention methods are insufficient for this
population.” Targeted prevention measures must be devel-
oped and implemented.! In order to develop such measures,
population-specific risk factors must be identified. The aim of
this systematic review was to identify the risk factors associ-
ated with PU development among critically ill, adult, cardiac
surgery patients.
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METHODS
The MEDLINE, CINAHL, and Cochrane databases were

searched to identify peer-reviewed, English-language studies
that focused on PU risk factors in critical care, surgical intensive
care, or cardiac surgery populations. Studies that focused on pa-
tients outside these settings were excluded. We also limited our
review to studies that used PU occurrences (category/stage I-IV,
unstageable PUs, or deep tissue injuries) as an outcome variable.

An initial search was completed using combinations of
the following key terms: “pressure ulcer,” “decubitus ulcer,”
“critical care,” “intensive care,” “cardiac surgery,” and “heart
surgery.” One of the articles retrieved via these searches and
published in 2005 presented a review of PU risk factors among
cardiac surgery patients.! The investigative team repeated the
search described in this article to identify any additional rele-
vant studies published after 2005. No new studies meeting the
eligibility criteria were uncovered. In addition, a search using
the term “deep tissue injury” was completed in CINAHL that
identified no relevant studies. We then completed title and
abstract reviews to determine which met eligibility criteria.
Thirty-three eligible publications were subsequently graded
against the Johns Hopkins Nursing Evidence-Based Practice
Rating Scale (Figure 1).!° Members of the investigative team
initially graded the articles individually. Final grades were as-
signed to articles based on discussion; discussion continued
until consensus was reached. Twelve studies graded by the
team as high or good quality (grade A or B) were retained
in the final sample. High-quality evidence included experi-
mental, quasi-experimental, and/or nonexperimental studies
conducted using well-defined, rigorous methods that achieved
consistent results.'® Studies retained in the final sample were
read in their entirety to identify specific risk factors associated
with PU development. This systematic review did not include
data pooling or meta-analysis.

RESULTS

The final sample comprised 12 studies or review articles that
reported risk factors pertinent to cardiac surgery patients
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(Table 1).27%"" Four studies focused specifically on cardi-
ac surgery patients, but the majority included cardiac surgery
patients within a heterogeneous population of acute or critical
care patients. A summative list of risk factors was compiled
based on the findings from each of these studies. Thirty unique
risk factors were identified. These risk factors, their associated
odds ratios, and confidence intervals are presented in Table 2.
While all patients undergoing major surgery share an in-
creased risk for PU development, findings from the studies
identified in this review demonstrate that prior to, during, and
after cardiac surgery, patients are exposed to a variety of factors
that may account for the particularly high incidence of PUs
seen in this vulnerable population. Conceptual models suggest
that PU risk factors can be organized into categories, name-
ly, compressive and shearing forces that directly contribute to
pressure and the tissue’s tolerance for pressure (including its
oxygenation) that ultimately mediate tissue damage*?' (Fig-
ure 2). Specific risk factors in each of these categories increase
cardiac surgery patients’ PU risk. For example, cardiac surgery
patients are exposed to compressive and shearing forces during
their procedures. In particular, when patients remain on the
operating room table for extended periods of time during long
surgeries, they have prolonged exposure to pressure. Concur-
rently, their tissue tolerance is likely to be reduced due to vas-
cular disease and/or the use of vasopressors postoperatively.

DISCUSSION

Findings from this systematic review identify multiple factors
that contribute to PU vulnerability in all patients undergoing
major surgery resulting in a brief period of critical illness as they
recover from these procedures; existing evidence does not ade-
quately account for the particularly high incidence of PUs seen
in cardiac patients. We hypothesize that cardiac surgery itself
puts patients at risk, given the comparatively high incidence
of PUs in this population and the short time frame within
which they develop. Therefore, we advocate for additional re-
search focusing on the relative contributions of unique factors
on PU occurrences in patients undergoing cardiac surgery. For
example, cardiac surgery—specific factors such as vasopressor

Figure 1. Applying the Johns Hopkins Nursing Evidence-Based Practice Evidence Rating Scales to grade evidence.
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Preoperative, Intraoperative, and Postoperative Risk Factors Associated With PU Development?

Risk Factor

Source of Evidence

Level of Risk: 0dds Ratio [95% Confidence Interval]

Preoperative risk factors
Spinal cord injury
Previous PU
Skin problems in areas at risk for PU
Hemodialysis
Creatinine >3 mg/dL
Limited mobility

Fecal incontinence
Age

Vascular disease

Anemia
Severity of illness

Diabetes

Insufficient nutrition

Malignant tumor

Presence of pain

General skin problems

Inhibited sense of pain

Low preoperative Braden Scale score

Low weight/body mass index

Admission hemoglobin
Intraoperative or process risk factors
Friction/shearing force

Length of stay >3 d

Total number of surgeries

Total time in operating room

Hours in intensive care unit
Postoperative risk factors

Use of vasopressors

Mechanical ventilation
Application of sedative drugs
Postoperative steroid use
Postoperative Braden Scale score

Frankel and colleagues (2007)"
Nonnemacher and colleagues (2009)°
Nonnemacher and colleagues (2009)°
Nijs and colleagues (2008)?

Frankel and colleagues (2007)"

1. Cox (2011)"

2. Nonnemacher and colleagues (2009)®
Theaker and colleagues (2000)'®

1. Cox (2011)7
2. Frankel and colleagues (2007)"!
3. Papantonio and colleagues (1994)'

1. Cox (2011)"
2. Nijs and colleagues (2008)?
3. Nonnemacher and colleagues (2009)°

Theaker and colleagues (2000)'®

1. Fred and colleagues (2012)'?
2. Theaker and colleagues (2000)'®
3. Tschannen and colleagues (2012)°

1. Frankel and colleagues (2007)"
2. Papantonio and colleagues (1994)'
3. Tschannen and colleagues (2012)"°

Nonnemacher and colleagues (2009)°
Nonnemacher and colleagues (2009)°
Nonnemacher and colleagues (2009)°
Nonnemacher and colleagues (2009)°
Nonnemacher and colleagues (2009)°

1. Fred and colleagues (2012)'?
2. Tschannen and colleagues (2012)"°

1. Fred and colleagues (2012)'?
2. Tschannen and colleagues (2012)"°

Stordeur and colleagues (1998)""

1. Cox (2011)7
2. Nonnemacher and colleagues (2009)°

Theaker and colleagues (2000)®
Tschannen and colleagues (2012)°
Tschannen and colleagues (2012)°
Cox (2011)"

1. Cox (2011)7

2. Nijs and colleagues (2008)?

3. Theaker and colleagues (2000)'®

4. Tschannen and colleagues (2012)'

Nijs and colleagues (2008)?
Nonnemacher and colleagues (2009)°
Stordeur and colleagues (1998)'”
Stordeur and colleagues (1998)'”

16.8 [1/5-183]

13.51 [10.3-17.7]

470[3.66.1]

3.77 [1.0-13.9] (24 h)/9.43 [3.0-29.5] (48 hy2
370 [1.2-9.3]

1) 2.27 [1.1-4.8]

2) 4.42 [3.50-5.59]

3.27[1.3-8.3]

1)1.03 [1.0-1.1]
2)2.90 [1.2-7.1]
3)5.38 [2.0-14.8]"
1)2.95[1.3-6.4]
2) 4.51 [2.0-10.2] (24 h)/2.85 [1.3-6.3] (48 h)2
3)1.80 [1.1-3.1]

2.81[1.2-6.3]

1) 2.49 [N/A]

2)3.40[1.4-7.9]

3) 2.32 [1.5-3.6] (mortality risk score 2)/ 5.50 [3.6-8.5] (mortality risk
score 3)/11.15 [7.1-17.5] (mortality risk score 4)

1)2.70 [1.1-6.4]
2)1.85[1.1-3.2]"
3)1.49[1.1-2.0]

1.61[1.2-2.2]
1.48 [1.2-1.8]
1.43[1.2-1.8]
1.34[11-1.7]
1.29 [1.0-1.7]

1) 1.22 [N/AP
2112 [1.1-1.2p
1)1.01 [V/AP
2)1.03 [1.02-1.05]°

1)5.72 [1.2-23.0]
2)1.72[1.3-22]

276 [1.1-7.1]
223 [1.5-3.4]
1.07 [1.0-1.1]
1.01 [1.00-1.01]

;
2

1.02 [1.00-1.03]

6.05 [1.9-19.5] (24 h)?
3)8.11[3.6-18.0]
41.33[1.0-1.7]

4.82 [1.7-13.3] (48 hy.

1.61 [1.2-2.1]

Abbreviation: PU, pressure ulcer.

aSignificant in multivariate logistic regression. Nijs and colleagues? presented significant results for both 24 and 48 hours before the occurrence of a pressure ulcer; Fred and colleagues™
reported severity of illness based on ASA (American Society of Anesthesiologists) score; Theaker and colleagues'® reported severity of illness based on APACHE Il (Acute Physiology and Chronic
Health Evaluation) score; Tschannen and colleagues'® reported severity of illness based on a risk of mortality rating system that accounted for patients’ comorbidities and ranged from 1 (low risk)

to 4 (high risk).

*To simplify interpretation, the value presented is the reciprocal of the authors’ reported statistics.
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Relationships Among Pressure Ulcer Risk Factor Categories
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PRESSURE ULCER
PRESSURE: TISSUE TOLERANCE
Intensity and Duration Category 1 - 4
Tolerance for
Compressive Force Pressure
> > Unstageable
Shearing Force Tolerance for
Oxygen Deep Tissue Injury

Figure 2. Model depicts that pressure is comprised of compressive and/or shearing forces. Pressure ulcers, which include category
I-IV ulcers, unstageable ulcers, and suspected deep tissue injuries, develop in the presence of compressive and shearing forces. Tissue
tolerance is an intermediate variable comprised of an individual’s tolerance for pressure (based on factors such as age and nutritional
status) and an individual’s tolerance for oxygen (based on oxygen supply and oxygen needs).!2021

use postoperatively, intraoperative cardiopulmonary bypass
time, and body temperature affect tissue tolerance for oxygen
and may contribute to PU development.

Odur review also revealed absence of adequate evidence or even
a substantive discussion of suspected deep tissue injuries (SD-
TIs) in cardiac surgery patients. Suspected deep tissue injuries
are defined as a “purple or maroon localized area of discolored
intact skin or blood-filled blister due to damage of underlying
soft tissue from pressure and/or shear.”?” They often begin as
a blister and evolve to become covered by thin eschar before
rapidly evolving further to expose layers of tissue; progression
may occur despite optimal treatment.”” In 2007, the National
Pressure Ulcer Advisory Panel (NPUAP) recognized SDTIs as
a distinct category of skin injury by adding them to their PU
classification system.® Despite this inclusion, none of the studies
we retrieved explicitly discussed SDTIs. In order to evaluate this
term further, we searched the CINAHL database using the key
term “deep tissue injury” and found only 8 articles. Findings for
this search revealed that SDTIs may be caused by hypoxic reper-
fusion versus pressure,” which is not accounted for in existing
PU risk models. Current investigations of SDTIs tend to focus
on the physiology of these injuries, while evidence concerning
their prevalence, incidence, and natural history is limited.® Yet,
since 2007, when the SDTT classification was advocated by the
NPUAP, the proportion of PUs categorized as SDTIs has in-
creased while the proportion of PUs reported in other categories
has decreased.® These trends in reporting suggest that SDTIs
are prevalent, and only now being recognized, and may require
different prevention and management strategies than other PU
categories. Additional research is needed to more fully establish
SDTIs as a distinct PU category® and to understand the unique
risk profile of cardiac surgery patients.

CONCLUSION

Multiple factors have been identified that contribute to the
high incidence of PUs in cardiac surgery patients. In contrast,
evidence about unique factors strongly associated with cardiac
surgery is lacking. Intraoperative risk factors that affect tissue
tolerance have not been thoroughly investigated. Further re-
search examining the epidemiology and pathophysiology of
SDTIs is also needed to better understand the significance of
this PU category among cardiac surgery patients and to design
effective preventative interventions.

L4l

Cardiac surgery patients are among those most at
risk for PU development, and current PU prevention
methods do not adequately address these patients’
unique needs.

Published investigations about PU risk factors among
critically ill patients do not account for unique risk
factors associated with cardiac surgery, particularly
intraoperative factors.

Suspected deep tissue injuries have been identified by
the NPUAP as a category of pressure injuries, but little
is known about their underlying mechanism of injury
or epidemiology. Effective preventive interventions for
SDTls cannot be designed until more is known about
the injuries.

REFERENCES

1. Feuchtinger J, Halfens RJG, Dassen T. Pressure ulcer risk factors
in cardiac surgery: a review of the research literature. Heart Lung.
2005;34(6):375-385. doi:10.1016/j.hrting.2005.04.004.

2. Nijs N, Toppets A, Defloor T, Bernaerts K, Milisen K, Van Den Berghe
G. Incidence and risk factors for pressure ulcers in the intensive
care unit. J Clin Nurs. 2008;18(9):1258-1266. doi:10.1111/].1365-
2702.2008.02554 .x.

3. Haesler E, ed. Prevention and Treatment of Pressure Ulcers: Clini-
cal Practice Guideline. Osborne Park, Western Australia: Cambridge
Media; 2014.

4. Brindle CT, Wegelin JA. Prophylactic dressing application to reduce
pressure ulcer formation in cardiac surgery patients. J Wound Os-
tomy Continence Nurs. 2012;39(2):133-142. doi:10.1097/WON.
0b013e318247¢cb82.

5. Centers for Medicare & Medicaid Services. Incorporating selected
National Quality Forum and never events into Medicare’s list of
hospital-acquired conditions. http://www.cms.gov/Newsroom/Media
ReleaseDatabase/Fact-Sheets/2008-Fact-Sheets-Items/2008-
04-142.html. Published 2008. Accessed March 6, 2016.

6. VanGilder C, MacFarlane GD, Harrison P, Lachenbruch C, Meyer
S. The demographics of suspected deep tissue injury in the United
States: an analysis of the International Pressure Ulcer Prevalence
Survey 2006-2009. Adv Skin Wound Care. 2010;23(6):254-261.
doi:10.1097/01.ASW.0000363550.82058.71.

7. Cox J. Predictors of pressure ulcers in adult critical care patients. Am
J Crit Care. 2011;20(5):364-375. doi:10.4037/ajcc2011934.

Copyright © 2016 Wound, Ostomy and Continence Nurses Society™. Unauthorized reproduction of this article is prohibited.



JWOCN @ Volume 43 € Number 3

Rao et al 247

8. Nonnemacher M, Stausberg J, Bartoszek G, Lottko B, Neuhaeuser 15. Papantonio C, Wallop K, Kolodner K. Sacral ulcers following cardiac

M, Maier |. Predicting pressure ulcer risk: a multifactorial approach to

surgery: incidence and risks. Adv Wound Care. 1994;7:24-26.

assess risk factors in a large university hospital population. J Clin Nurs. 16. Pokorny ME, Koldjeski D, Swanson M. Skin care intervention for pa-

2009;18(1):99-107. doi:10.1111/].1365-2702.2008.02425..x.

tients having cardiac surgery. Am J Crit Care. 2003;12(6):535-544.

9. Bergstrom N, Braden BJ, Laguzza A, Holman V. The Braden Scale for 17. Stordeur S, Laurent S, D’Hoore W. The importance of repeated risk

predicting pressure sore risk. Nurs Res. 1987;36(4):205-210.
10. Newhouse R, Dearholt S, Poe S, Pugh L, White K. The Johns Hopkins
Nursing Evidence-Based Practice Rating Scale. Baltimore, MD: The

assessment for pressure sores in cardiovascular surgery. J Cardio-
vasc Surg (Torino). 1998;39(3):343-349. http://www.ncbi.nim.nih.
gov/pubmed/9678558. Accessed September 19, 2013.

Johns Hopkins Hospital/The Johns Hopkins University; 2005. 18. Theaker C, Mannan M, Ives N, Soni N. Risk factors for pressure sores

11. Frankel H, Sperry J, Kaplan L. Risk factors for pressure ulcer development

in the critically ill. Anaesthesia. 2000;55(3):221-224.

in a best practice surgical intensive care unit. Am Surg. 2007;73(12): 19. Tschannen BD, Bates O, Talsma A, Guo Y. Patient-specific and sur-

1215-1217. http://www.ncbi.nlm.nih.gov/pubmed/18186374. Accessed

September 19, 2013.

sure ulcers and perioperative normothermia: a look at relationships.
AORN J. 2012;96(3):251-260. doi:10.1016/j.a0rn.2012.06.014.

gical characteristics in the development of pressure ulcers. Am J Crit

Care. 2012;21(2):116-125.
12. Fred C, Ford S, Wagner D, Vanbrackle L. Intracperatively acquired pres- 20. Benoit R, Mion L. Risk factors for pressure ulcer development in crit-

ically ill patients: a conceptual model to guide research. Res Nurs
Health. 2012;35(4):340-362. doi:10.1002/nur.21481.

13. Kemp MG, Keithley JK, Smith DW, Morreale B. Factors that contribute 21. Defloor T. The risk of pressure sores: a conceptual scheme. J Clin

to pressure sores in surgical patients. Res Nurs Health. 1990;13(5):293—

Nurs. 1999;8:206-216.

301. http://www.ncbi.nlm.nih.gov/pubmed/2236652. Accessed Sep- 22. European Pressure Ulcer Advisory Panel, National Pressure Ulcer Adviso-
ry Panel. Prevention and Treatment of Pressure Ulcers: Quick Reference

tember 19, 2013.

14. Lewicki LJ, Mion L, Splane KG, Samstag D, Secic M. Patient

Guide. Washington, DC: National Pressure Ulcer Advisory Panel; 2009.

risk factors for pressure ulcers during cardiac surgery. AORN J. 23. Smart H. Deep tissue injury: what is it really? Adv Skin Wound Care.
2013;26(2):56-58. doi:10.1097/01.ASW.0000426712.72787 f3.

1997;65(5):933-942.

For more than 28 additional continuing education articles related to wound ostomy care,

go to NursingCenter.com\CE.

CE Test Instructions:

e Read the article.

e The test for this CE activity can be taken online at www.
NursingCenter.com/CE /JWOCN. Find the test under
the article title. Tests can no longer be mailed or faxed.

e You will need to create a username and password and
login to your personal CE Planner account before taking on-
line tests. (t's free!) Your planner will keep track of all your
Lippincott Williams & Wilkins online CE activities for you.

e There is only one correct answer for each question. A
passing score for this test is 13 correct answers. If you
pass, you can print your certificate of earned contact
hours and access the answer key. If you fail, you have
the option of taking the test again at no additional cost.

e For questions, contact Lippincott Williams & Wilkins:
1-800-787-8985.

Registration Deadline: June 30, 2018

Disclosure Statement: The authors and planners have
disclosed that they have no financial relationships related to
this article.

Provider Accreditation:

LWW, publisher of the Journal of Wound, Ostomy and
Continence Nursing, will award 2.5 contact hours for this
continuing nursing education activity.

LWW is accredited as a provider of continuing nursing
education by the American Nurses Credentialing Center’s
Commission on Accreditation.

This activity is also provider approved by the California
Board of Registered Nursing, Provider Number CEP
11749 for 2.5 contact hours. Lippincott Williams &
Wilkins is also an approved provider of continuing nursing
education by the District of Columbia, Georgia, and
Florida, CE Broker #50-1223.

Your certificate is valid in all states.

Payment:
o The registration fee for this test is FREE for members
and $24.95 for nonmembers.

DOI: 10.1097/WON.0000000000000233

Copyright © 2016 Wound, Ostomy and Continence Nurses Society™. Unauthorized reproduction of this article is prohibited.




