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    ■ 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%. 1  Patients who develop PUs suff er from a number of 
associated consequences including pain, infection, sepsis, dis-
ability, and, in rare cases, death. 1  ,  2  Furthermore, the costs as-

  Risk Factors Associated With Pressure Ulcer 
Formation in Critically Ill Cardiac Surgery Patients      
A Systematic Review
    Aditi D.   Rao     ¿     Ave M.   Preston     ¿     Robyn   Strauss     ¿     Rebecca   Stamm ¿         Demetra C.   Zalman    

  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 specifi c 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 specifi cally 
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 insuffi cient for this population. Targeted prevention measures must be developed and implemented. Completion of this task 
required identifi cation of risk factors unique to this population. Specifi c 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 specifi c to this population is urgently needed.   
  KEY WORDS:   cardiac surgery  ,   deep-tissue injury  ,   pressure ulcers  ,   risk factors  .  

Aditi D. Rao, PhD, RN , Hospital of the University of Pennsylvania, 
Philadelphia. 

Ave M. Preston, MSN, RN, CWOCN , Hospital of the University of 
Pennsylvania, Philadelphia. 

Robyn Strauss, ACNS-BC, RN, MSN, WCC,  Hospital of the University of 
Pennsylvania, Philadelphia. 

Rebecca Stamm, MSN, RN, CCNS, WCC, CCRN,  Hospital of the University 
of Pennsylvania, Philadelphia. 

Demetra C. Zalman, MSN, CCRN-CSC, CRNP,  Hospital of the University of 
Pennsylvania, Philadelphia. 

  The authors declare no confl icts of interest.  

  Correspondence:  Aditi D. Rao, PhD, RN, Hospital of the University 
of Pennsylvania, 3400 Spruce St, Dulles 106, Philadelphia, PA 19104 
( aditi.rao@uphs.upenn.edu ). 

 DOI:  10.1097/WON.0000000000000224

sociated with treating PUs are signifi cant, ranging from $500 
to $70,000 per individual ulcer, 3  and increasing length of stay 
by up to 11 days. 4  Th e Centers for Medicare & Medicaid Ser-
vices has included in-house acquired category III and IV PUs 
as “never events” 5  that negatively infl uence reimbursement 
for treatment of facility-acquired PUs. 6  Because of the bur-
dens PUs exert on both patients and healthcare organizations, 
prevention is critical. Th e fi rst 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. 2  ,  3  ,  7  ,  8  Th e 
main physical factors linked to PU development are pressure 
and shearing forces. 9  In contrast, less is known about risk fac-
tors specifi c to the cardiac surgery population. Th e relatively 
high PU incidence among cardiac surgery patients suggests 
that typical PU prevention methods are insuffi  cient for this 
population. 1  ,  4  Targeted prevention measures must be devel-
oped and implemented. 1  In order to develop such measures, 
population-specifi c risk factors must be identifi ed. Th e 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.1 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).10 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.10 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 

(Table 1).2,7,8,11–19 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 damage20,21 (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 

Identify relevant 
publications 

Determine Strength of the Evidence: 
Level I (strongest) – Level V (weakest)  

• Level I: Randomized controlled trial (RCT)/ meta- analysis of RCT 
• Level II: Quasi-experimental study 
• Level III: Non-experimental study, qualitative study, meta-synthesis 
• Level IV: Expert opinion, expert consensus panel 
• Level V: Individual opinion based on non-research evidence 

Determine Quality of the Evidence:  
A (High), B (Good), C (Low) 

• A: Consistent results, sufficient sample size, well-defined methods, 
definitive conclusions 

• B: reasonably consistent results, sufficient sample size, well-defined 
methods, fairly definitive conclusions 

• C: little evidence with inconsistent results, insufficient sample size, 
conclusions cannot be drawn 

Figure 1. Applying the Johns Hopkins Nursing Evidence-Based Practice Evidence Rating Scales to grade evidence.
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TABLE 2.
Preoperative, Intraoperative, and Postoperative Risk Factors Associated With PU Developmenta

Risk Factor Source of Evidence Level of Risk: Odds Ratio [95% Confidence Interval]

Preoperative risk factors

 Spinal cord injury Frankel and colleagues (2007)11 16.8 [1/5-183]

 Previous PU Nonnemacher and colleagues (2009)8 13.51 [10.3-17.7]

 Skin problems in areas at risk for PU Nonnemacher and colleagues (2009)8 4.70 [3.6-6.1]

 Hemodialysis Nijs and colleagues (2008)2 3.77 [1.0-13.9] (24 h)/9.43 [3.0-29.5] (48 h)2

 Creatinine >3 mg/dL Frankel and colleagues (2007)11 3.70 [1.2-9.3]

 Limited mobility 1. Cox (2011)7

2. Nonnemacher and colleagues (2009)8
1) 2.27 [1.1-4.8]a

2) 4.42 [3.50-5.59]

 Fecal incontinence Theaker and colleagues (2000)18 3.27 [1.3-8.3]

 Age 1. Cox (2011)7

2. Frankel and colleagues (2007)11

3. Papantonio and colleagues (1994)15

1) 1.03 [1.0-1.1]
2) 2.90 [1.2-7.1]
3) 5.38 [2.0-14.8]15

 Vascular disease 1. Cox (2011)7

2. Nijs and colleagues (2008)2

3. Nonnemacher and colleagues (2009)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]

 Anemia Theaker and colleagues (2000)18 2.81 [ 1.2-6.3]

 Severity of illness 1. Fred and colleagues (2012)12

2. Theaker and colleagues (2000)18

3. Tschannen and colleagues (2012)19

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)

 Diabetes 1. Frankel and colleagues (2007)11

2. Papantonio and colleagues (1994)15

3. Tschannen and colleagues (2012)19

1) 2.70 [1.1-6.4]
2) 1.85 [1.1-3.2]15

3) 1.49 [ 1.1-2.0]

 Insufficient nutrition Nonnemacher and colleagues (2009)8 1.61 [1.2-2.2]

 Malignant tumor Nonnemacher and colleagues (2009)8 1.48 [1.2-1.8]

 Presence of pain Nonnemacher and colleagues (2009)8 1.43 [1.2-1.8]

 General skin problems Nonnemacher and colleagues (2009)8 1.34 [ 1.1-1.7]

 Inhibited sense of pain Nonnemacher and colleagues (2009)8 1.29 [1.0-1.7]

 Low preoperative Braden Scale score 1. Fred and colleagues (2012)12

2. Tschannen and colleagues (2012)19

1) 1.22 [N/A]b

2) 1.12 [1.1-1.2]b

 Low weight/body mass index 1. Fred and colleagues (2012)12

2. Tschannen and colleagues (2012)19

1) 1.01 [N/A]b

2) 1.03 [1.02-1.05]b

 Admission hemoglobin Stordeur and colleagues (1998)17

Intraoperative or process risk factors

 Friction/shearing force 1. Cox (2011)7

2. Nonnemacher and colleagues (2009)8
1) 5.72 [1.2-23.0]
2) 1.72 [ 1.3-2.2]

 Length of stay >3 d Theaker and colleagues (2000)18 2.76 [1.1-7.1]

 Total number of surgeries Tschannen and colleagues (2012)19 2.23 [1.5-3.4]

 Total time in operating room Tschannen and colleagues (2012)19 1.07 [1.0-1.1]

 Hours in intensive care unit Cox (2011)7 1.01 [1.00-1.01]

Postoperative risk factors

 Use of vasopressors 1. Cox (2011)7

2. Nijs and colleagues (2008)2

3. Theaker and colleagues (2000)18

4. Tschannen and colleagues (2012)19

1) 1.02 [1.00-1.03]
2) 6.05 [1.9-19.5] (24 h)2

3) 8.11 [3.6-18.0]
4) 1.33 [1.0-1.7]

 Mechanical ventilation Nijs and colleagues (2008)2 4.82 [1.7-13.3] (48 h)2

 Application of sedative drugs Nonnemacher and colleagues (2009)8 1.61 [1.2-2.1]

 Postoperative steroid use Stordeur and colleagues (1998)17

 Postoperative Braden Scale score Stordeur and colleagues (1998)17

Abbreviation: PU, pressure ulcer.
aSignificant in multivariate logistic regression. Nijs and colleagues2 presented significant results for both 24 and 48 hours before the occurrence of a pressure ulcer; Fred and colleagues12 
reported severity of illness based on ASA (American Society of Anesthesiologists) score; Theaker and colleagues18 reported severity of illness based on APACHE II (Acute Physiology and Chronic 
Health Evaluation) score; Tschannen and colleagues19 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).
bTo simplify interpretation, the value presented is the reciprocal of the authors’ reported statistics.
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use postoperatively, intraoperative cardiopulmonary bypass 
time, and body temperature affect tissue tolerance for oxygen 
and may contribute to PU development.

Our 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.”22(p9) 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.22 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.6 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,23 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.6 Yet, 
since 2007, when the SDTI 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.6 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 category6 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.

4 KEY POINTS
hh 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.

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

hh 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 
SDTIs cannot be designed until more is known about 
the injuries.
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