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Pressure sores (formerly called
decubitus ulcers) are localized
areas of tissue necrosis that de-
velop when soft tissue is com-

pressed between a bony prominence and
an external surface for a prolonged period
of time (1). Healthy, active people can
develop these ulcers when anesthesia, se-
dation, disease, or injury immobilizes
them and causes diminished pain sensa-
tion (2). Prevalence studies from Europe,
South Africa, and Canada show that 3%
to 11% of all hospitalized patients have

pressure related skin ulcers (3). Although
some patients are admitted to hospitals
with preexisting ulcers and others de-
velop them during their stay, pressure
sores are a significant and increasing
source of suffering and financial burden.
In a United States study, 17% of 634
hospitalized patients had a pressure ulcer
or were deemed to be at risk for develop-
ing one (3). A recent study estimates the
average incremental cost of hospitaliza-
tion due to pressure sores, adjusted for
other admission predictors, to be $15,229
and a lengthening of stay of 8.2 days (4).
In the United Kingdom, the cost of pres-
sure ulcer care is estimated to have risen
from £60 million in 1973 to £150 million
in 1982 (5). Extended hospitalization is
particularly harmful for elderly patients
because they may lose their indepen-
dence, rehabilitation may be delayed, and
normal social networks of support may
weaken, making it more difficult for
them to go home (6). Preventive care
must focus on decreasing the incidence
of new ulcers, however, such care can be
an expensive use of hospital resources.
Thus, it is important to have the best
possible definition of an “at risk” popula-

tion so that these resources can be fo-
cused.

Most previous reports have addressed
the problems of pressure ulcers in
chronic care institutions. Only one arti-
cle published since 1966 involved the pre-
vention of pressure ulcers in an intensive
care unit (ICU) (7). The Braden scale is
coming into increasing use as a measure
of pressure sore risk but has not been
fully researched in terms of its applicabil-
ity in critical care settings. Therefore, the
objectives of this study were to determine
the following: 1) if certain risk factors
increase the likelihood of developing ul-
cers in an intensive care setting; 2) if
pressure ulcers are likely to occur early in
the hospital stay; 3) the correlation be-
tween the Braden scale and new ulcer
development; and 4) if an improved defi-
nition of an “at risk” population can be
proposed specifically for critically ill pa-
tients.

METHODS

This was a prospective cohort study of pa-
tients admitted to the neurologic intensive
care unit (NICU) and the neurologic interme-
diate unit (NIMU) at Memorial Hermann Hos-
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Objectives: To determine the risk factors for pressure ulcer-
ation in an intensive care setting, to evaluate the Braden scale as
a predictor of pressure ulcer risk in critically ill patients, and to
determine whether pressure ulcers are likely to occur early in the
hospital stay.

Design: Cohort study of patients with no preexisting ulcers
with a 3-month enrollment period.

Setting: The neurologic intensive care unit and the neurologic
intermediate unit at a primary care/referral hospital with a level I
trauma center.

Patients: A total of 186 patients entered the study.
Intervention: Within 12 hrs of admittance, initial assessment,

photographs, and Braden score were completed. Patients were
re-examined every 4 days or at discharge from the unit, which-
ever came first.

Main Outcome Measures: Determining risk factors for pressure
ulcers, performing detailed statistical analyses, and testing the
usefulness of the Braden score as a predictor of pressure ulcer
risk.

Results: Twenty-three of 186 patients developed at least one
pressure ulcer (incidence 5 12.4%) after an average stay of 6.4
days. The Braden scale, which measures six characteristics of
skin condition and patient status, proved to be a primary predictor
of ulcer development. No ulcers developed in the 69 patients
whose Braden score was 16 or higher. The likelihood of develop-
ing a pressure sore was predicted mathematically from the Bra-
den score. However, being underweight was a significant and
distinct factor in pressure ulcer development.

Conclusions: Pressure ulcers may develop within the first
week of hospitalization in the intensive care unit. Patients at risk
have Braden scores of <16 and are more likely to be under-
weight. These results suggest that aggressive preventive care
should be focused on those patients with Braden scores of <13
and/or a low body mass index at admission. (Crit Care Med 2001;
29:283–290)

KEY WORDS: decubitus ulcer; skin ulcer; intensive care unit;
spinal cord injuries; head injuries; critical care; incontinence;
Braden score; body mass; logistic regression
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pital in Houston, TX. Many patients are young
adults with spinal cord or closed head injuries
who were in good health before hospitaliza-
tion. The neurologic units were selected be-
cause of the following: a) data within our in-
stitution suggested a higher prevalence of
pressure sores in these units than in our other
intensive care units; b) adequate nurse and
clinician support was available to perform the
study; c) admissions were sufficient to ensure
adequate enrollment in the 3-month study
period; d) the likelihood of preexisting pres-
sure ulcers was low inasmuch as many pa-
tients were admitted from the community
with either stroke or head trauma; and e) the
broad age range of patients in these units
would increase generalization of the findings.

The study was approved by the institu-
tional review board of the University of Texas
Health Science Center, Houston, with the re-
quirement that consent be obtained from the
patient or family member for photographs. If
this request was refused, no photos were
taken. Patients were admitted to the neuro-
logic units between June 1 and August 31,
1995, and were inspected visually and photo-
graphically for any evidence of skin break-
down. Photographs were an effective tool be-
cause they provided secondary confirmation of
ulcer formation, an opportunity to make sure
minor skin changes were not overlooked, and
minimized discrepancies between data collec-
tors. Before the study began, ten participating
nurses received special training in the follow-
ing: a) evaluating pressure ulcers; b) following
standardized photographic methods; and c)
completing study documents including the
Braden scale. According to hospital standards,
nursing staff were required to turn the patient
every 2 hrs unless there were orders specifi-
cally prohibiting turning (usually due to con-
cerns regarding unstable intracerebral pres-
sures). A number of support surfaces were in
use and these were recorded in the database.

Pressure ulcers are classified into four
stages (8). In this study, two additional labels,

N for necrotic and G for granulating, were
employed. Lesions covered with a necrotic es-
char cannot be staged because the wound base
cannot be evaluated, and the presence of gran-
ulation tissue in deep wounds precludes an
accurate evaluation of the level of tissue im-
pairment. The four stages of ulcer develop-
ment are defined as:

● Stage I: Nonblanchable erythema of intact
skin.

● Stage II: Partial-thickness skin loss of epi-
dermis, dermis, or both. The ulcer is a su-
perficial abrasion, blister, or shallow crater.

● Stage III: Full-thickness skin loss with sub-
cutaneous tissue damage or necrosis that
may extend down to but not through under-
lying fascia. The ulcer is a deep crater with
or without undermining of adjacent tissue.

● Stage IV: Full-thickness skin loss with ex-
tensive destruction, tissue necrosis, or dam-
age to muscle, bone, or supporting struc-
tures (tendon, joint capsule, etc.)
Undermining and sinus tracts may be asso-
ciated.

Because the skin remains in tact in stage I
lesions, they are not “ulcers” in the usual
sense. In addition, it is widely agreed that
nonblanching erythema cannot always be re-
liably assessed, nor can it be accurately de-
picted in photographs. By contrast, stage II
lesions involve skin breakdown. For this rea-
son, we considered only Stage II ulcers as
significant findings at the time of follow-up
examination.

Patients with any of the following criteria
were excluded from the study:

1. A pressure ulcer of stage II or higher on
initial assessment, n 5 9

2. Discharge from the unit ,24 hrs after ad-
mission, n 5 33

3. Diagnosis of brain death on life support
pending organ donation, n 5 6

4. No evaluation by nursing staff within 12
hrs after admission, n 5 17.

We were unable to obtain consent for pho-
tographs for only four patients. All other pa-
tients had complete photographic documenta-
tion. Level of consciousness was denoted
either by the Glasgow coma scale (1–15) or by
the following arbitrary designation in the as-
sessment form: 1) unresponsive; 2) withdraws
to pain; 3) opens eyes; 4) follows commands;
5) answers questions; 6) alert. Data were also
kept on whether patients were transferred
from other hospital units, and the type of
mattress, overlay, or other support surface
that was in use at the time of initial and
follow-up assessment.

Within 12 hrs of admission, an initial as-
sessment form was completed and the Braden
scale score was calculated. The Braden scale is
a risk index that composites six areas of risk
into a single number. The scale has a mini-
mum value of 6 and a maximum value of 23.
The subscales reflect sensory perception, skin
moisture, activity, mobility, nutritional status,
and friction and shear. Table 1 describes the
Braden scale in more detail. Critically ill pa-
tients will have a low score, indicating an
increased risk for pressure ulcers. Higher
scores are seen in persons with less severe
injuries or illnesses and signify a decreased
risk for pressure ulcer occurrence (9). An
event document was completed upon discov-
ery of a stage II or higher pressure ulcer, upon
transfer to another unit or location, or upon
death. The location and stage of the ulcer were
also recorded. Previous records of the NICU
indicated an average stay of 4 days. This study
was, therefore, designed to evaluate patients
every 4 days, or upon discharge, whichever
came first. It should be clearly understood that
the term “length of stay” means length of stay
in the NICU. If a patient developed an ulcer on
the second day, it was discovered on the fourth
day. More frequent evaluation was considered
but rejected because the evaluation process
requires turning the patient over, which is a
preventive measure for pressure ulcers.
Hence, frequent evaluation could interact

Table 1. Braden score construction (abbreviated definitions)

Sensory perception 1. Completely Limited 2. Very Limited
Ability to respond meaningfully to pressure
related discomfort

Moisture 1. Constantly Moist 2. Very Moist
Degree to which skin is exposed to moisture

Activity 1. Bedfast 2. Chairfast
Degree of physical activity

Mobility 1. Completely Immobile 2. Very Limited
Ability to change and control body position Cannot make even slight changes in body

or extremity position
Makes Occasional slight changes in body or
extremity position

Nutrition 1. Very Poor 2. Probably Inadequate
Usual food intake pattern Never eats a complete meal (,2/3 of meal) Usually eats about half a meal

Friction and Shear 1. Problem 2. Potential Problem
Requires moderate to maximum assistance
in moving. Slides frequently

Moves feebly or requires assistance. Some
sliding
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with the ulcer development and bias the re-
sults toward fewer ulcers.

Data Analysis. Univariate analysis was con-
ducted to assess the association of new ulcer
development with age and gender, potential
risk factors, admitting diagnoses, and ranges
of the Braden scale. This study recorded data
on the presence, absence, or measured level of
a variety of factors that have been identified as
potential contributors of pressure sore devel-
opment. Each is separately described. Contin-
gency tables, correlation analysis, and point
biserial correlation techniques were em-
ployed. The correlation coefficients reported
are point biserial because the development of
new sores is recorded as a 0 5 no and 1 5 yes.
Thus, a positive correlation is an association
with new ulcer development and a negative
correlation is associated with nondevelop-
ment. Almost all patients had more than one
characteristic that previous studies have iden-
tified as an indicator of pressure sore risk. The
second level of analysis utilized multivariable
techniques (regression and logistic regression
analysis) to evaluate the concurrent effects of
several factors in the development of ulcers. A
third level of analysis used these techniques
on the subgroup of patients who had low Bra-
den scores using both paired and unpaired
analyses.

RESULTS

During the 3-month period of the
study, 186 patients were enrolled. Glas-
gow coma scale or the alternative de-
scription of consciousness were re-
corded for all but one patient. Glasgow
coma scale, recorded in 57% of pa-
tients, ranged from 3 to 15 with an
average of 12. The remaining 43% of
patients, as rated on the alternative sys-
tem, ranged from 1 (unconscious) to 6
(alert) with an average score of 4.7.
Twenty patients (11%) were recorded as
being on mechanical ventilation. Twen-

ty-three patients developed pressure ul-
cers (stage II or higher), yielding a
crude incidence rate of 12.4% during
their stay in the NICU, assuming that
all patients were at risk. The most com-
mon locations were sacrum/coccyx
(25%), heel (14.6%), and ischium
(10.4%). The average length of stay in
the NICU was 6.4 days. Photographic
documentation proved valuable. Al-
though patients with preexisting stage
II ulcers were to be excluded from this
study, on review of enrolled patients,
three were found to have photographic
evidence of preexisting stage II ulcers
and these were subsequently excluded
from analysis. One patient whose stage
II pressure ulcer was evident in photo-
graphs had been assessed as having in-
tact skin on study discharge assessment
forms. In all other cases, skin or wound
assessments correlated with photo-
graphic documentation.

Factors known to affect the incidence
of pressure sores were examined individ-
ually. Age and gender are examined to-
gether because of their interrelationship
in NICU admissions. Men were more
likely to be admitted because of motor
vehicle accidents or gunshot wounds;
women were more likely to be admitted
with cerebrovascular accidents and were
more often in poor health with thin skin
and subcutaneous tissues because of age.
As a consequence, the 102 males were
younger (49.8 yrs) than the 84 females
(60.9 yrs). The youngest patient was 14
and the oldest was 95. The youngest pa-
tient with pressure sores was 16 and the
oldest was 95. Table 2 shows the inci-
dence of sores by gender in three age
groupings. The Mantel-Haenszel statis-
tics used to combine the three tables in-

dicate no significant age or gender rela-
tionship with the incidence of sores,
despite the presence of some apparent
trending in the tables.

Patient height and weight were re-
corded for 149 patients, 16 of whom de-
veloped ulcers. A relative body mass score
(BM) was constructed using the equation:
BM 5 10.815 3 weight in pounds divided
by height in inches. The normal range is
19–24. Overweight patients represented
59.1% of the group and had an ulcer
incidence rate of 5.7%; normal weight
patients represented 36.9% of the group
with an incidence rate of 11.5%. The six
underweight patients, who represented
only 4% of the total, had an incidence
rate of 50.0%. These differences were
moderately significant, with p 5 .08 in a
chi-square test, indicating that under-
weight patients are at greater risk of de-
veloping pressure sores, and overweight
patients are seemingly at lower risk. Fig-
ure 1 displays the distribution of body
mass. The average was 27, a moderately
overweight condition. The two vertical
lines in Figure 1 delineate the normal
weight range.

Twenty-three patients were recorded
as being incontinent (either urine or
stool). Their incidence rate for pressure
ulcers was 26.1% vs. 10.4% for the con-
tinent group. This was a significant dif-
ference, with p 5 .033. Serum albumin
was tested in 68 of 186 patients. It has
been suggested that a serum albumin
below 35 g/L is an indicator of pressure
sore risk. The pressure sore incidence
rate for patients with an albumin at or
below 35 g/L was 21.4%, whereas for
the normal albumin group it was 7.7%.
This was not significant in a chi-square
test (p 5 .135) but was significant in a
correlation analysis (p 5 .025). A logis-
tic regression also found a significant
relationship (p 5 .033). This illustrates
the difference in power between a sim-
ple classification procedure and gradu-
ated scale procedures. The 81 bed-
bound patients (patients who could not
sit on the side of the bed or in a chair)
had an incidence rate of 15.2% com-
pared with 8.6% for the non-bed-bound
group. The difference was not signifi-
cant (p 5 .175). Correlation analysis
showed a similar result.

Most patients had multiple diagnoses.
The competing risks of spinal cord injury,
head injury, and stroke were all nonsig-
nificant with p values ranging from .397
to .893. Diabetes could not be evaluated
because there were only seven diabetics

Table 1. Continues

3. Slightly Limited 4. No Impairment Score

3. Occasionally Moist 4. Rarely Moist

3. Walks Occasionally 4. Walks Frequently

3. Slightly Limited 4. No Limitation
Makes frequent though slight changes in
body or extremity position independently

3. Adequate 4. Excellent
Usually eats over half a meal or is on tube
feeding of TPN regimen

Eats most of every meal

3. No Apparent Problem
Moves in bed or chair in dependently

Total Score
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and their diagnosis was always accompa-
nied by other competing risks.

Both correlation and logistic regres-
sion showed that length of stay in the ICU
was not a significant factor in the devel-

opment of pressure sores (p 5 .31). Fig-
ure 2 shows the distribution of the max-
imum number of days to pressure sore
development in 19 ulcer patients with
known length of stay in the NICU. Eight

of the 19 (42%) developed an ulcer within
only 3 days. The average length of stay in
the ICU was 6.4 days with no significant
difference between patients with pressure
sores or without (p 5 .47).

The patients in this study had Braden
scores ranging from 8 to 23. All of the 23
patients with pressure sores had a Braden
score of 15 or less. The Braden score had
the highest correlation with new ulcer
development among all of the factors
noted above. For the 117 patients with
scores of 15 or less, the overall incidence
rate was 19.7% vs. the incidence rate of
0% for those above 15. The incidence rate
increased as the Braden score decreased.
A curve was fitted to the observed inci-
dence rate at each Braden scale point so
that risk can be predicted more accu-
rately than can be done with dichoto-
mous cutoff scores. Figure 3 shows the
results of this study. The equation fitted
is: incidence 5 174.82 2 19.65 (Braden
score) 1 0.55 (Braden score)2; r2 5 .94.
Use this equation for Braden scores be-
tween 6 and 16; above 16 incidence 5 0.
The plotting data are shown in the left
portion of Table 3.

Multivariable Analysis. Multivariable
analysis is the evaluation of the simulta-
neous effects of two or more variables on
a response variable. The causal or driver
variables may be intercorrelated and,
thus, contain common information about
the response being examined. Thus,
seemingly different causal factors that
have a univariate correlation with the re-
sponse may fail to be significant when
evaluated as competing factors. Some
will emerge as strong predictors and oth-
ers will fail to add significant information
about the response variable.

The correlation table showing the
simple correlations and intercorrelations
among the proposed predictors of pres-
sure sore development is the starting
point for multivariable analysis and is
shown in Table 4. The Braden score, al-
bumin, and days of stay in the NICU are
measured variables. The body mass index
(BMI) is recorded as: 21 5 underweight,
0 5 normal, and 11 5 overweight. All
others are coded: 0 5 characteristic ab-
sent, 1 5 characteristic present. Using a
simple classification of underweight or
not underweight provided the best simple
correlation with new sore development
but it only identified six patients. The
full-range BMI performed much better in
multivariate analyses. Consequently, BMI
was listed in the correlation table and the
other body mass measures were not. The

Figure 1. Body mass distribution.

Figure 2. Maximum days to ulcer development. NICU, neurologic intensive care unit.

Table 2. Age and gender vs. ulcer incidence

Age Group
(Yrs) New Ulcers Male Female Total

40 or younger Yes 6 (15.4%) 0 (0%) 6 (11.5%)
No 33 (84.6%) 13 (100%) 46 (88.5%)
Total 39 13 52

41 through 65 Yes 5 (14.7%) 2 (6.5%) 7 (10.8%)
No 29 (85.3%) 29 (93.6) 58 (89.2%)
Total 34 31 65

66 through 95 Yes 5 (16.7%) 5 (12.8%) 10 (14.5%)
No 25 (83.3%) 34 (87.2%) 59 (85.5%)
Total 30 39 69

Mantel-Haenszel chi-square analysis: Homogeneity between age groups: x2 5 0.9726, 1 degree of
freedom (df), p value 5 .61 (NS). Association between gender and new ulcers: x2 5 2.5763, 2 df, p
value 5 .11 (NS).
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actual body mass (BM) and BMI per-
formed equally well in the multivariate
model.

Correlation with the Braden Score.
Examination of the correlation table in-
dicates that all of the proposed causal
factors that have a significant correlation
with pressure sores also have a significant
correlation with the Braden score.
Length of stay in the NICU is not corre-
lated with new ulcer development or any
other causal factor but is highly corre-
lated with the Braden score. Figure 4
shows the average days of stay in the
NICU for pressure sore patients and pa-
tients who did not develop pressure sores,

by Braden score. New ulcer patients av-
eraged shorter stays than those without
ulcers in six of the eight Braden score
categories from 8 to 15. If length of stay
was longer for those developing new
sores, the reverse should have been ob-
served. An analysis of variance to deter-
mine the importance of sore development
and Braden score on days of stay showed
the sores to be highly nonsignificant (p 5
.609) and the Braden score to be highly
significant (p 5 .000). The same result is
obtained when the data are restricted to
the 112 patients with Braden scores of 15
and below (p 5 .503 and p 5 .005). Fig-
ure 5 shows the regression curve depict-

ing the average days of stay versus Braden
score. The plotting data are shown in the
right-hand columns of Table 3.

The initial analyses restricted the data
to those who were the most directly com-
parable in terms of risk. Three types
of stepwise logistic regression analyses
were conducted as follows: 1) with risk
factors excluding albumin; 2) with risk fac-
tors including albumin; and 3) risk
factors and the Braden score. Albumin
was measured so infrequently that it se-
verely reduced the sample sizes in the
multivariable logistic regressions. The
first model consisted of 84 patients and
indicated no significant factors other
than the BMI. p Values for the nonsignif-
icant risk factors were all above .20. Back-
ward elimination removed all of them,
leaving the BMI as the only useful vari-
able (p 5 .0133, r2 5 .118). When albu-
min was added to the model, the patient
count dropped to 34 and no significant
variables emerged. When albumin was re-
moved and the Braden score added, both
the Braden score and BMI were signifi-
cant, with p values of .014 and .041, re-
spectively. The r2 increased to .224. When
the same models were run on all patients,
the new data set contained 149 patients.
The same results were obtained. The Bra-
den score and BMI p values were .0002
and .0430, respectively. The r2 increased
to .364. Table 5 shows the breakout of
categories by Braden score. Clearly the
underweight group with low Braden
scores is the highest risk group.

Age and gender were examined in a
multivariate analysis with respect to their
relationship to the Braden score and to
the incidence of pressure ulcers. Using a
factorial model in which age, gender, and
the age·gender interaction terms were fit-
ted, no significant relationships could be
determined. The model using the same
age and gender factors to predict body
mass found that the main effect of age
was not significant (p 5 .19), but gender
(p 5 .018) and the interaction between
age and gender was significant (p 5
.011). Females tended to be more over-
weight than males on the average, but
this tendency was more pronounced in
the middle years (ages, 30–60 yrs). Fe-
males beyond age 65 tended to be some-
what thinner than males (the interaction
effect). These results did not change after
adjusting for their Braden scores.

Predicting Stage II Pressure Sore De-
velopment Using Braden Score and Body
Mass. Logistic regression is useful for an-
alyzing cumulative factor effects but it is

Figure 3. Incidence vs. Braden score.

Table 3. Observed and predicted incidence of pressure ulcers and average length of stay by Braden
score

Braden
Score

New Ulcer Development Days of Stay in NICU

Predicted
Incidence

(%)

Observed
Incidence

(%)
Observed
Average

Predicted
Average

6 76.72 None None 15.2
7 64.25 None None 12.9
8 52.78 50.0 9.5 11.2
9 42.53 42.9 9.2 9.9

10 33.38 42.9 12.0 8.6
11 25.31 20.0 7.2 8.0
12 18.33 13.0 8.3 7.3
13 12.45 17.4 7.6 6.7
14 7.65 5.0 4.9 6.1
15 3.95 5.0 5.8 5.7
16 1.22 0 6.6 5.2
17 0 0 4.2 5.0
18 4.3 4.7
19 4.4 4.5
20 4.7 4.2
21 4.6 4.0
22 4.0 3.8
23 3.0 3.6

NICU, neurologic intensive care unit.
Predicted Incidence 5 174.82 2 19.65 (Braden score) 1 0.55 (Braden score)2; r2 5 0.94. Predicted

Days of Stay 5 103.08 (Braden Score)21.07, r2 5 0.83.
Predicted values for Braden scores of 6 and 7 have not been validated through clinical observation.

r2 values are high because averages were used rather than individual stay times.
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difficult to interpret the response mea-
sure (Y) because it is measured as the
logarithm of the odds ratio of the pres-
sure sore group vs. non-pressure sore
group. Thus we revert to multiple regres-
sion modeling to predict the probability
of incidence of pressure sores. The best
fitting model for the NICU data were a

curvilinear model employing the Braden-
score, the Braden score squared, body
mass, and the cross-product of the Bra-
den score and body mass. Body mass is
used here instead of BMI because it is a
continuous measure, not a categorical
summarization. The fitted equation is:
predicted probability 5 2.685 2 0.215·

Braden 1 0.00336·Braden2 2 0.0519·
body mass 1 0.00306·Braden·body mass,
for Braden score #17. Predicted proba-
bility 5 0 for Braden scores of 18 or
more.

Figure 6 shows the results of this
equation for three different body mass
values, 16 (very underweight), 21.5 (mid-
dle of normal range), and 27 (moderately
overweight).

DISCUSSION

Previous researchers have identified
the following factors as increasing the
likelihood of developing a pressure ulcer:
immobility, malnutrition, incontinence,
hypoalbuminemia, spinal cord injury,
stroke, hypertension, reduced conscious-
ness, fractures, and being bed-bound (3,
10, 20). Age and gender may or may not
be significant, depending on the popula-
tions studies and how the multisite data
are pooled (22, 23). Patients with spinal
cord injuries, neurologic impairment, or
advanced age are at high risk for pressure
ulcers (13, 20). An estimated 50% to 80%
of patients with spinal cord injuries de-
velop pressure ulcers at least once in
their lives (4). In this study, patients were
examined soon after injury, as opposed to
patients who have been immobile for
years, and this may be one reason that
these results do not show spinal cord
injury as a risk factor for pressure ulcers.
The small number of patients (15) with
spinal cord injuries may partially account
for the low relative risk.

Incidence studies typically examine
the number of persons developing a con-
dition divided by the total persons at risk
per unit of time (21). This study suggests
that in the ICU, the passage of time may
not be as important a factor as previously
believed but we concur with the idea that
a broadly based study group is needed to
determine who is at risk and to what
degree. The Allman (4) study on hospital
cost and length of stay defined the at-risk
patients as being 55 yrs of age or older,
expected to be confined to bed or chair
(or with hip fracture), and expected to
remain in the hospital for at least 5 days.
When this grid is imposed on our data-
base, 83.1% of the patients are filtered
out, but 78.9% of the pressure sore pa-
tients are removed as well, thus indicat-
ing that this definition would have been
ineffective in providing a better focus on
pressure sore patients in our setting.
More recent studies have defined the at

Figure 4. Average length of stay by Braden score and new ulcer development.

Table 4. Correlations

Factor Statistic Sores
Braden
Score

Body Mass
Index

Sores Pearson’s correlation 1.000 2.403 20.258
p-value .000 .002
Sample size 186 149

Braden Score Pearson’s correlation 20.403 1.000 .163
p-value 0.000 .047
Sample size 186 149

Body Mass Index Pearson’s correlation 20.258 0.163 1.000
p-value 0.002 .047
Sample size 149 149

Bowel incontinence Pearson’s correlation 0.157 2.294 .077
p-value 0.033 .000 .353
Sample size 186 186 149

Albumin Pearson’s correlation 2.272 .299 .144
p-value .025 .013 .281
Sample size 68 68 58

Bedbound Pearson’s correlation .099 2.261 2.134
p-value .177 .000 .103
Sample size 186 186 149

Days of stay Pearson’s correlation .076 2.316 .015
p-value .310 .000 .857
Sample size 180 180 144

Spinal injury Pearson’s correlation 2.062 2.095 2.050
p-value .397 .197 .545
Sample size 186 186 149

Head wound Pearson’s correlation .057 2.059 2.039
p-value .437 .425 .641
Sample size 186 186 149

Stroke Pearson’s correlation .012 2.053 .064
p-value .873 .474 .439
Sample size 186 186 149

Hypertension Pearson’s correlation 2.031 2.051 2.048
p-value .679 .491 .561
Sample size 186 186 149
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risk group as being over age 18 and hav-
ing been admitted within 3 days (22, 23).
Our study indicates that for ICU patients,
even this may be too restrictive. The Bra-
den score and body mass define risk far
more effectively. In the NICU setting, de-
fining the at-risk group as those with a
Braden score of 13 or lower eliminated
58.6% of the population but overlooked
only 8.7% of the patients who developed
pressure sores (2 of 23).

Although the curves in Figures 5 and
6 depict increasing risk as Braden score
and body mass decrease, practical appli-
cation of these findings is better served
using a cutoff score for nursing orders.
Recent articles by Braden, Bergstrom,
and associates (22, 23) have indicated dif-
ferent cutoff scores for different institu-
tional settings. They studied tertiary care
facilities, veteran’s hospitals, and skilled
nursing care facilities and recommended

cutoff scores of 16, 19, and 18, respec-
tively. Their protocols differ from ours in
four major respects: 1) they included
stage I ulcers and we did not; 2) they
made initial examinations within the first
72 hrs of admission and we made ours
within 12 hrs; 3) our Braden scale mea-
surements were skewed more to the
lower end than theirs; and 4) they tracked
for the full length of hospital stay and we
tracked only the period in which the pa-
tient was in the NICU. These differences
will certainly introduce differences in re-
sults. Some of the differences in results
however, are likely due to body mass dif-
ferences that could not be filtered out in
their studies. The cutoff score of 16 de-
scribed in their earlier studies would cer-
tainly have been effective with a false
negative rate of 0%, but would have had a
much higher false positive rate of 81.9%,
and an accuracy of only 44.1%.

This research indicates that risk of a
stage II ulcer increases significantly with
a Braden score of #13. If 13 is the score
that triggers preventive care, this would
decrease the population considered to be
at risk to 41.4% (77/186) of NICU admis-
sions in this study. The positive predic-
tive value is 27.3% (21/77) but the false
negative rate is only 1.8% (2/109) and the
sensitivity is 91.4% (21/23). The accuracy
is 68.9% (125/186). This seems to be a
reasonable working rule. No cutoff score
can guarantee that it will separate all the
at-risk patients from those not at risk in a
large population, so some measure of risk
must be accepted if a cutoff score is used.
Because dissipating the preventive care
resources over all admissions is an im-
practical solution, the alternative sug-
gested by our results is to focus on those
patients with Braden scores of #13, re-
gardless of body mass, but expect a
higher ulcer incidence among the low
body mass subgroup.

Length of stay in the NICU is not cor-
related with new ulcer development but
is highly correlated with the Braden
score. This suggests the possibility that
causal factors influence the level of the
Braden score, and the Braden score, in
turn, can be used to predict both the
incidence of new ulcers and the length of
stay in the NICU.

CONCLUSIONS

The Braden score was a better predic-
tor of pressure ulcer formation than the
presence of any single factor or combina-
tion of factors except body mass. It is,
therefore, a valid and useful tool for iden-
tifying NICU patients who have an in-
creased risk of developing pressure sores
if the score #13. These data suggest that
low body mass should be used in addition
to the Braden score because it increases

Figure 5. Length of stay vs. Braden score.
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Table 5. Body mass index by Braden score

Braden Score

Body Mass Indexa

Total
PatientsUnderweight Normal Overweight Unknown

8 1 (1) 1 (0) 1 (0) 5 (3) 8
9 1 (1) 1 (1) 4 (1) 1 (0) 7

10 1 (0) 5 (3) 4 (1) 4 (2) 14
11 1 (1) 2 (1) 3 (0) 4 (0) 10
12 1 (0) 4 (0) 5 (0) 5 (1) 15
13 8 (2) 14 (2) 1 (1) 23
14 5 (0) 13 (1) 2 (0) 20
15 9 (1) 3 (0) 8 (0) 20
16 3 (0) 6 (0) 1 (0) 10
17 6 (0) 9 (0) 1 (0) 16
18 4 (0) 8 (0) 3 (0) 15
19 4 (0) 5 (0) 2 (0) 11
20 1 (0) 5 (0) 6
21 1 (0) 4 (0) 5
22 1 (0) 3 (0) 4
23 1 (0) 1 (0) 2

Total patients 6 55 88 37 186
Total scores 3 8 5 7 23
% Sores 50 11.5 5.7 18.9 10.7

aNumber of patients with pressure sores is in parentheses.
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the risk of new ulcer development and is
not directly measured by the Braden
scoring system. Although pressure ulcers
are often viewed as a subacute problem,
68.4% of the pressure sores in this study
developed in the first 7 days of ICU ad-
mission. These results further increase
the challenge to hospital staff who are
focused on acute life support in the early
days of ICU admission. Because dissipat-
ing preventive care resources over all
critical care patients is an impractical so-
lution, the alternative suggested by our
results is to focus on those patients who
are admitted to the intensive care unit
with low body mass or with Braden scores
of #13.
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