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Abstract

Pressure ulcer formation related to positioning in the OR increases length of hospital stay and
hospital costs, but there is little evidence documenting how positioning devices used in the OR
influence pressure ulcer development when examined with traditional risk factors. The aim of this
prospective cohort study was to identify prevalence of and risk factors associated with pressure
ulcer development among patients undergoing surgical procedures lasting longer than three hours.
Participants included all adult same-day admit patients scheduled for a three-hour surgical
procedure during an eight-month period (N = 258). Data were gathered preoperatively,
intraoperatively, and postoperatively on pressure ulcer risk factors. Bivariate analyses indicated
that the type of positioning (ie, heels elevated) (x2 = 7.897, P = .048), OR bed surface (ie, foam
table pad) (x2 15.848, P =.000), skin assessment in the postanesthesia care unit (x2 = 41.652, P
=.000), and male gender (x2 = 6.984, P = .030) were associated with pressure ulcer development.
Logistic regression analyses indicated that use of foam pad (B = 2.691, P = .024) and a lower day-
one Braden score (B = .244, P = .003) were predictive of pressure ulcers.

Keywords
pressure ulcer; positioning devices; OR bed surface; skin assessment

In the current economic environment, where there is a focus on health care reimbursement
and cost containment, hospitals are challenged to eliminate complications associated with
surgical procedures. Pressure ulcer formation related to positioning in the OR is a leading
cause of increased length of hospital stay among surgical patients, costing between $14,000
and $40,000 per patient.2:2 Studies have shown that the percentage of patients who acquire
pressure ulcers increases as the length of surgery increases.l2 Pressure ulcer prevalence
occurs at a rate of 8.5% or higher among all patients who undergo surgical procedures that
last longer than three hours.3 Factors associated with skin breakdown and pressure ulcer
formation include both intrinsic and extrinsic factors (eg, patient age, comorbidities,
immobility, nutrition, presence of friction or shearing).

Researchers have begun to investigate the effects that various positioning devices used in the
OR have on pressure ulcer development.! However, findings from these studies are
equivocal and focus only on specific patient populations (ie, patients undergoing
cardiothoracic, gynecologic, general surgeries). There is little research investigating the
degree to which positioning devices used in the OR influence pressure ulcer development
when examined in conjunction with intrinsic and extrinsic factors among all surgical
patients undergoing prolonged surgeries. This information is needed so that evidence-based
guidelines for preventing pressure ulcer development in the perioperative setting can be
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developed. The purpose of this study was to identify the prevalence of and risk factors
associated with pressure ulcer formation in the OR among patients undergoing surgical
procedures lasting longer than three hours.

PREVALENCE AND SIGNIFICANCE OF PRESSURE ULCERS

Although pressure ulcer development has historically been an important nursing concern,
health care-associated pressure ulcer development has more recently become a topic of
special interest because of Centers for Medicare & Medicaid Services (CMS) guidelines
regarding reimbursement and the determination that it is more cost-effective to prevent
pressure ulcers than to treat them.# In the United States, approximately 1.6 billion patients
develop health care-associated pressure ulcers at an annual cost of $2.2 billion to $3.6
billion.*~® Twenty-three percent are acquired intraoperatively during surgeries that last more
than three hours, and the average estimated cost of treatment is $750 million to $1.5 billion
per year.#=® Non-monetary costs related to pressure ulcers include increased length of
hospital stay, pain, infectious complications, failure to heal, use of additional hospital
resources, emotional and physical effects on patients and their caregivers, and
mortality.1.2.7.8

Patients undergoing surgical procedures are at high risk for pressure ulcer development.
When a surgical patient develops a pressure ulcer within 72 hours after his or her procedure,
it most likely indicates that the ulcer occurred during surgery.® The rate of intraoperatively
acquired pressure ulcers ranges from 12% to 66% in surgical patients; these are caused by
intense or prolonged pressure that is unrelieved for a long period of time, resulting in skin
and underlying tissue damage. 12

RISK FACTORS ASSOCIATED WITH PRESSURE ULCER DEVELOPMENT

Primary risk factors for pressure ulcer development in the intraoperative patient are
immobility and the inability to perceive pain or discomfort from unrelieved pressure, as well
as friction and shearing forces.1% Additional intrinsic, extrinsic, and OR risk factors provide
challenges for the perioperative team.1! Intrinsic risk factors related to the patient’s
tolerance to sustain a pressure insult include alteration in nutrition as evidenced by albumin
levels < 3 g/dL, older age, decreased mental status, immobility, infection, incontinence,
impaired sensory perceptions, and comorbidities (eg, diabetes, peripheral vascular disease,
pulmonary disease, weight, perfusion deficits related to hemodynamic status).1! Extrinsic
risk factors are those variables that increase tissue susceptibility to sustain external pressure;
they include temperature, friction and shearing forces, and moisture.1:11

Significant risk factors that are specific to the intraoperative experience are length of
surgery, positioning, positioning devices, warming devices, anesthetic agents, sedation,
vasoactive medications, instrumentation (eg, retractors), type of surgery, and intraoperative
hemodynamics (ie, reflected in a diastolic pressure below 60 mmHg).! One of the most
significant risk factors related to the intraoperative experience is the amount of time a
patient spends on the OR bed. There is an inverse relationship between pressure and time: a
patient can tolerate a large amount of pressure for a short period of time or a low amount of
pressure for a longer period of time without sustaining tissue damage. Consistent external
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pressure exerted on tissue at capillary pressures greater than 32 mmHg results in an
occlusion of blood flow, which inhibits tissue perfusion and results in ischemia and
subsequent pressure ulcer formation.1213 The loading force between the patient’s skin and
the support surface is defined as skin interface pressure.1? Surgical times vary, but
procedures lasting longer than 2.5 to three hours are significantly more likely to cause skin
and underlying tissue damage.1:12

POSITIONING DEVICES IN THE OR

Pressure-reducing surfaces and positioning devices (eg, pillows, foam wedges) in the OR are
other factors that may influence pressure ulcers in specific types of surgical patients. Several
studies have compared different types of pressure-reducing surfaces. In one study, the use of
polyurethane or polyether mattresses significantly reduced interface pressure compared to
the standard OR foam mattress and gel mattress, although pressure was not reduced to below
capillary pressure of 32 mmHg.14 Other evidence suggests that air and gel pad overlays can
decrease pressure ulcer risk in certain patient populations, particularly those undergoing
prolonged surgical procedures.1®> Gel pad overlays or thermoactive foam pads have been
found to significantly reduce the probability of pressure ulcers compared with standard OR
bed mattresses.16:17 Although no single support surface fits all circumstances, the best
compromise thus far is to minimize interface pressure.

Research on pressure ulcer development provides information about intrinsic and extrinsic
risk factors associated with pressure ulcer development in surgical patients, as well as how
the type of positioning surface may influence pressure ulcer development among specific
surgical patients (eg, those undergoing cardiothoracic, gynecologic, general surgery).
However, few studies have investigated the role of intrinsic and extrinsic risk factors in
conjunction with the various positioning devices used in the OR among all types of surgical
patients whose surgeries last longer than three hours. Further, there is little research
evidence documenting the frequency with which various positioning devices are used in the
OR or the pressure ulcer outcomes associated with these devices.

CONCEPTUAL FRAMEWORK

Factors identified in the literature that contribute to skin breakdown in the OR can be
classified as intrinsic or extrinsic risk factors. These factors served as the independent
variables in this study(Figure 1). The primary outcome variable in this study was
development of a new pressure ulcer within the immediate 72-hour period after surgery.

STUDY DESIGN AND SAMPLE

This study was reviewed and approved by the hospital’s institutional review board. We used
a prospective study design, and gathered data during an eight-month period from June 2009
to February 2010 on all same-day admit patients who were older than 18 years and who
were scheduled to have a surgical procedure that would last three hours or longer. Patients
also had to be scheduled for an inpatient stay of at least 24 hours after surgery. Pregnant
women and prisoners were excluded from the study. Patients who presented to the OR with
a previously established pressure ulcer were not excluded from the study. The study was
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conducted at a large level 1 trauma academic medical center at which more than 11,000
surgeries are performed annually. Approximately 2,600 of these surgeries every year have a
duration longer than three hours.

STUDY PROCEDURES

Data were gathered prospectively on patients who met the inclusion criteria. A power
analysis at .05 alpha and .20 beta determined that a sample size of 242 would be sufficient at
80% power. Data on specific variables were gathered preoperatively, intraoperatively, and
postoperatively (Table 1).

The primary outcome variable in this study was the development of pressure ulcers. Nurses
routinely performed daily skin assessments in all inpatient units. If a newly acquired
pressure ulcer was present, a nurse documented it in the medical record using the staging
criteria established by the National Pressure Ulcer Advisory Panel.18 The nurses on the
inpatient unit also routinely assigned daily Braden scale scores!® to all patients as part of
standard care. Members of our study team gathered data on the presence and degree of
newly acquired pressure ulcers and Braden scale scores within 72 hours after surgery from
the medical record. The final outcome measure was length of hospital stay.

DATA ANALYSIS

We entered all data into a database and analyzed it using the Statistical Package for the
Social Sciences software.20 We calculated descriptive statistics, including means,
frequencies, and standard deviations, and we computed inferential statistics, including
correlational and regression analyses, to identify variables associated with pressure ulcer
development.

RESULTS

We gathered data on 258 patients who met criteria for inclusion into the study (Table 2). Of
these patients, 21 (8.1%) developed a pressure ulcer. Most patients (73.3%) were between
the ages of 46 and 75 years, and slightly more than half of the patients were female (57.0%)
and Caucasian (57.8%). Many patients had an American Society of Anesthesiologists
physical status classification score of 2 (33.7%) or 3 (53.5%), and the majority of patients
underwent surgery with general anesthesia (98.1%). The majority of surgeries lasted
between three and five hours (65.1%), and many patients were positioned with pillows under
their knees (19.8%) as the primary type of positioning device.

Most procedures in this study were general surgery (26.7%), followed by other(15.9%),
neurosurgical (15.1%) or orthopedic (12.8%). Figure 2 displays the most common type of
table surfaces used in the ORs for the various surgeries. Foam table pads with valves (63%)
or heated gel pads (48%) were the OR bed surfaces that were used most often. Other
surfaces included a closed cell foam pad that was less than 2 inches thick (9%) and regular
gel pads (5%).
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We also analyzed data to identify which variables were related to pressure ulcer
development. We first performed chi-square analyses to identify whether there was a
relationship between any one of the study variables and the outcome of pressure ulcer
development. We found only the following variables to be significantly related to pressure
ulcer development:

» type of positioning device (ie, pillow, heels elevated, foam wedge) used in the OR
(x%2 = 7.897, P = .048);

« table surface used in the OR (x2 = 15.848, P = .000);

e postanesthesia care unit (PACU) skin assessment scores, where 0 = skin intact, 1 =
minor abrasions/areas of skin irritation or redness, and 2 = major abrasions/areas of
skin irritation or redness (y2 = 41.652, P = .000); and

« gender (x2 = 6.984, P = .030).

Table 3 displays the results of the chi-square analyses and categories for each variable.
Many of the patients who developed pressure ulcers had their heels elevated (23.8%) or
were placed on a closed-cell foam pad during their surgical procedure (29.2%). In addition,
80.0% of those who had major skin abrasions documented by the PACU staff members in
the immediate postoperative period developed pressure ulcers. Major skin abrasions
included large areas of redness, irritation, or open wounds that were documented as part of
the PACU postoperative skin assessment. The rate of pressure ulcers was more than twice as
high for men as for women (12.0% and 4.8%, respectively). The remaining variables that we
examined in the chi-square analyses (ie, age, type of procedure, presence of previous or
current pressure ulcer, preoperative skin assessment score, type of anesthesia, length of
surgery, intraoperative episodes of hypotension or hypoxia) were not significantly related to
whether a patient developed a pressure ulcer.

We then performed logistic regression analyses to identify which variables were most
predictive of pressure ulcer development when examined in conjunction with one another.
We entered the following variables in a step-wise fashion into this statistical equation: type
of OR bed surface, age, previous or current ulcer, preoperative skin assessment, length of
surgery, type of positioning device used, patient temperature at the end of surgery, Braden
score on the first postoperative day, and PACU skin assessment score. Table 4 illustrates the
results of these analyses. The variables that were statistically predictive of pressure ulcer
development were use of a foam pad (B = 2.691, P = .024) and the patient’s Braden score on
the first postoperative day (B = .244, P = .003). We conducted a one-way analysis of
variance with first postoperative day Braden scores to identify which scores were most
predictive of pressure ulcer development. Patients with Braden scores ranging from 10 to 13
were more likely to develop pressure ulcers postoperatively compared with patients who had
first postoperative day Braden scores that were 14 or higher. None of the remaining study
variables were statistically significant.
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DISCUSSION

It is important for perioperative nurses to identify factors that may place patients at higher
risk for developing pressure ulcers, as many nurses are in a key position to address these
factors. Patients undergoing prolonged surgical procedures that last longer than three hours
are at particularly high risk for pressure ulcers, and little research has identified what factors
influence pressure ulcer development in relation to all types of prolonged surgical
procedures and the role of positioning devices. The aim of our study was to identify what
preoperative, intraoperative, and postoperative factors were associated with pressure ulcer
development in this high-risk group.

Findings from our study indicate that the type of positioning device, table surface, PACU
skin assessment score, and gender are significantly related to whether a patient will develop
a pressure ulcer. In our study, 23% of patients who developed a pressure ulcer had their
heels elevated during surgery. Traditionally, this practice has been thought to prevent
pressure ulcer development on the patient’s heels; however, findings from our study suggest
that it may actually contribute to sacral pressure ulcer development because of the
redistribution of weight onto the sacral area. Currently, there are no published studies that
directly link heel elevation to an increased risk of development of sacral pressure ulcers. The
National Pressure Ulcer Advisory Panel recommendations!® specifically include additional
considerations for pressure ulcer prevention in the OR, including that the heels be
completely elevated off of the OR bed to redistribute weight to the calf and prevent
development of heel pressure ulcers. For prolonged surgical procedures, such as those in this
study, diligent monitoring of patient positioning with regard to heel and sacral pressure ulcer
development is indicated. Additional research also may be warranted to investigate whether
prolonged heel elevation during these surgical procedures is consistently linked to sacral
pressure ulcer risk.

A second finding from this study indicates that the type of OR bed surface also is
significantly related to pressure ulcer development. When we examined records of patients
who developed pressure ulcers, we found that a closed cell foam pad was used 29% of the
time, indicating that this type of bed surface may not be ideal for prolonged surgical
procedures. Foam pads can be effective for reducing interface pressure in the OR,
specifically when there is a lighter weight to be redistributed.13 The use of air or gel
pressure overlays is recommended for redistributing larger surface areas, however, and can
decrease pressure ulcers among high-risk patients.1®> Research on the effectiveness of these
various types of pads and overlays for preventing pressure ulcers is not consistent enough to
generally recommend that one type always be used. However, it is clear that pressure ulcers
can still occur regardless of the type of support surface that is used in the OR, particularly
among high-risk patients and those undergoing prolonged surgeries.

Lastly, both PACU skin assessment and lower first postoperative day Braden scale scores
were associated with pressure ulcer development. Staff members in the PACU at our facility
routinely perform a skin assessment on a patient’s admission to their unit as part of their
postoperative baseline assessment. Documentation of any type of skin abrasion at this stage
is crucial to identify which patients are at highest risk for pressure ulcer development during
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the subsequent postoperative hospital stay. Communicating this information to nursing staff
members on the admitting unit can result in early implementation of prevention strategies
that can potentially decrease pressure ulcer development postoperatively. Similarly, early
and consistent documentation of Braden scale scores by nursing staff members aids in
identifying postoperative patients who are at a higher risk for pressure ulcers. Implementing
prevention strategies can prevent progression of even minor postoperative skin breakdown
into stageable pressure ulcers.

The fact that men developed more pressure ulcers than women is a finding that warrants
additional research. Traditionally, men are not at higher risk for pressure ulcers. The male
participants in our study did not have longer surgery times, which was one factor we thought
may explain this finding. Other factors that may have contributed to this finding may be
related to the presence and distribution of adipose tissue; perhaps there is a larger area of
adipose tissue in women that protects the bony prominence of the sacrum during these
longer surgeries. However, this is something that we would have to examine in future
research and is beyond the scope of this study.

LIMITATIONS

As with any study, there were limitations to our study. First, we limited data collection to a
single site rather than multiple study sites, which can affect generalization of our findings to
other ORs where prolonged surgeries are performed. Second, we limited our study to
include only those surgical procedures that lasted longer than three hours. Because pressure
ulcers can develop during surgeries of any length, our findings cannot be generalized to all
types of surgeries or those lasting fewer than three hours. Another limitation is that we chose
to only include those patients who were same-day surgical admissions. We did not include
those patients who had been hospitalized as inpatients immediately before their surgeries,
which could influence their pressure ulcer development risk.

RECOMMENDATIONS

Findings from this study have implications for clinical nursing practice, education, and
future research. Clinical practice recommendations based on findings from this study center
on pressure ulcer prevention. Perioperative nurses must have knowledge of factors that may
place their patients at higher risk for developing pressure ulcers. Specifically, nurses should
be diligent in determining which positioning and OR bed surfaces should be used during
prolonged surgical procedures. If patients are positioned with their heels elevated, care
should be taken to ensure that weight is redistributed to the calves rather than the sacral area,
specifically when surgical time is longer than three hours. Based on our findings,
perioperative team members, including nurses, may consider intermittent heel elevation in
these prolonged procedures to prevent consistent pressure on sacral areas.

Our study indicates that using foam pads during prolonged surgical procedures may
contribute to pressure ulcer development. Additional research is needed to substantiate this
finding and make definitive clinical practice guidelines. Regardless of the type of padding
that is used, patients who are undergoing prolonged surgeries remain at a higher risk of
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pressure ulcer development. Frequent skin assessments or additional positioning devices
should be considered to decrease this risk.

Findings from this study highlight the need for continued education for nurses regarding
factors that can affect pressure ulcer development. Perioperative nurses in all patient care
areas, including those in the preoperative, intraoperative, and postoperative areas, must be
knowledgeable about risk factors for pressure ulcers within the patient populations that they
serve. Pressure ulcers are considered a nursing-sensitive outcome; thus, nurses must be
proficient in assessing risk and delivering interventions to prevent them. Clinical nurses
must be educated on these risk factors and about appropriate interventions to combat these
risks.

Lastly, this study has implications for future research. Our study contributes information
about the role of positioning devices on pressure ulcer development among patients who
undergo prolonged surgeries. Additional research is needed to identify whether the factors
that were significant in our study are also significant in other ORs with different patient
populations. Research also is needed to determine whether these factors influence pressure
ulcer development among patients who undergo shorter surgical procedures or those who
had prolonged hospital stays before their surgeries.

CONCLUSION

This study contributes information about risk factors for pressure ulcer development among
patients who undergo surgical procedures that last more than three hours. Findings indicate
that positioning and table surfaces are two key components that may influence pressure ulcer
development. Perioperative nurses can use this information when assessing patient risk for
pressure ulcers and delivering interventions to prevent pressure ulcer development.
Decreasing pressure ulcer rates is an important outcome for patients and for the
organization.
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Nutritional status
Hemoglobin and hematocrit
Prealbumin

Skin integrity

Alterations in sensation

Previous skin breakdown

Page 12

Pressure ulcer
development

Extrinsic factors

Type of anesthesia
Intraoperative temperature
Temperature of operative devices
Length of surgery

Type of positioning device

Type of OR bed pad or overlay
Periods of hypotension

Periods of hypoxia

Figure 1.
Study conceptual framework. Width 2 column
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30%
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10%

0%

T

Foam pad Heated gel Foam pad Jackson table Gel pad
with valve pad

Vascular
image table

Figure 2.

Frequencies of bed surfaces used in the OR. Width 1.5 column
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Table 1
Study Variables

Preoperative

Patient age

Surgical procedure

Comorbidities

History of incontinence

Weight

American Society of Anesthesiologists physical status classification
Nutritional status
Hemoglobin/hematocrit

Prealbumin

Skin integrity

History of alterations in sensation
History of pressure ulcers
Intraoperative

Type of anesthesia

Patient temperature

Temperature of OR devices (ie, gel pads, warming blanket)
Length of surgery

Type of positioning device

Type of surgical pad/overlay
Hypotension

Hypoxia

Intraoperative medications
Postoperative

Postanesthesia care unit skin assessment
Braden scale score

Presence of pressure ulcer

Length of hospital stay
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Demographic Data”

Table 2

Age

18-45 years
46-75 years
> 75 years
Gender
Female
Male
Ethnicity
Caucasian
Black
Hispanic/Latino
Other

Asian

American Society of Anesthesiologists (ASA) physical status classification

ASA 1

ASA 2

ASA 3

ASA 4
Anesthesia
General

Spinal

Monitored anesthesia care
Length of surgery
3-5 hours

5.1-7 hours

> 7 hours

Type of surgery
General

Other
Neurosurgery
Orthopedic
Vascular
Gynecologic
Cardiothoracic
Positioning device
Pillow under the knees
Elevated heels
Wedge foam

None

44 (17.1%)
189 (73.3%)
25 (9.7%)

147 (57.0%)
108 (41.9%)

149 (57.8%)
80 (31.0%)
12 (4.7%)

5 (1.9%)

3 (1.2%)

3 (1.2%)

87 (33.7%)
138 (53.5%)
26 (10.1%)

253 (98.1%)
3 (1.2%)
1 (0.4%)

168 (65.1%)
49 (19.0%)
41 (15.9%)

69 (26.7%)
41 (15.9%)
39 (15.1%)
33 (12.8%)
29 (11.2%)
24 (9.3%)

21 (8.1%)

51 (19.8%)
21 (8.1%)

5 (2.0%)
181 (70.2%)

Totals may not equal 100% because of missing data
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Table 3

Bivariate Analyses of Factors Associated With Skin Breakdown in the OR"

Variable Pressure ulcer (n=21)  No pressure ulcer (n =237) 2 P
OR bed surface 7
Heated gel pad 13 (9.8%) 120 (90.2%) 15.848 .000
Foam pad with valve 11 (6.7) 152 (93.3%)
Closed cell foam pad 7 (29.2%) 17 (70.8%)
Gel pad 1(7.7%) 12 (92.3%)
Jackson table pad 1(5.3%) 18 (94.7%)
Vascular image table 0 (0%) 6 (100%)
Postanesthesia care unit skin assessment
Skin intact 9 (4.9%) 174 (95.1%) 41.652 .000
Major abrasions 4 (80.0%) 1(20.0%)
Minor abrasions 3(25.0%) 9 (75.0%)
Gender
Male 13 (12.0%) 95 (88.0%) 6.984 030
Female 7 (4.8%) 140 (95.2%)
Positioning device
None 12 (6.6%) 169 (93.4%) 7.897 048
Heels elevated 5 (23.8%) 16 (76.2%)
Pillow under knees 4 (7.8%) 47 (92.2%)
Wedge foam pillow 0 (0%) 5 (100%)

*
Totals may not equal 100% because of missing data

+

Multiple patients had more than one OR bed surface
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