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ABSTRACT
This study aimed to determine the predictive accuracy and factors deteriorating blanchable erythema. A
prospective cohort study was conducted in a 832-bed university hospital in Japan. Skin condition, risk factors,
care plans and practices were measured everyday for 4 weeks by direct assessments and chart review by research
staff. Blanchable erythema developed in 62 (24�9%) and a pressure ulcer in 8 (3�2%) patients. Six of the 62
blanchable erythema patients worsened to pressure ulcer of either stage I or II. Calculating the accuracy of
blanchable erythema for predicting pressure ulcer development, sensitivity was 75%, specificity 77% and positive
likelihood ratio 3�26. The factors found to deteriorate blanchable erythema were K-scale ‘pressure’ and
inadequate support surface management to a patient whose condition was deteriorating. These results suggested
that the value of positive likelihood ratio means small effect to the clinical use. However, if adequate support
surface management were implemented to blanchable erythema patients, the incidence of pressure ulcer would
probably fall to 0�8%.
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INTRODUCTION
Recently, early identification of pressure ulcer

has been emphasised, because it can prevent

skin alteration progressing to skin loss. Several

studies focused on non blanchable erythema as

the early identification of pressure ulcer and

investigated the factors for developing into

more severe pressure ulcers (1,2,3). Researchers

consider that persistent redness over a bony

prominent area, especially blanchable ery-

thema is the first clinical sign of pressure ulcer

development. Detecting the blanchable ery-

thema is expected to provide appropriate care

to prevent even stage I pressure ulcer, i.e. non

blanchable erythema development at this

stage. There have been a few studies on

whether the blanchable erythema can predict

the pressure ulcer development.

Incidence of blanchable erythema and dete-

rioration rate to pressure ulcer were reported

in a randomised clinical trial comparing

support surfaces on surgical patients (4). This

study adopted conditions that were manipu-

lated for experimental purposes and enrolled

a limited group of subjects. In another study,

incidence rate of erythema and pressure ulcer

development were reported according to

incontinence severity (5). Erythema could also
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have been a sign of incontinence-related

contact dermatitis. Therefore, development of

blanchable erythema, which is assumed to be

caused by pressure could not be accurately

evaluated. Moreover, no studiy has clarified

the factors related to the deterioration of

blanchable erythema.

The purpose of this study was to determine

the predictive accuracy of blanchable erythema

and prospectively identify the factor related to

their deterioration.

MATERIALS AND METHODS

Research design
This was a prospective cohort study. The

research team consisted of a total of 12

individuals, including two WOC nurses, two

university faculty members who specialised in

wound care and nine Masters course students

who majored in wound care and routinely

observed skin conditions. Researchers were

trained in skin observation and survey meth-

ods prior to the initiation of the study.

Setting and subjects
Subjects consisted of patients who were admit-

ted to six wards in a university hospital with

832 beds (Ishikawa, Japan) between February

and April 2005. Six wards were ICU, surgical

recovery room, gastroenterological surgery

and medicine, internal medicine and cardio-

vascular and respiratory surgery. These were

selected, as three had the highest percentages

of bedridden patients, and the other three had

the lowest percentages. All subjects were

required to be free of pressure ulcers at the

beginning of the study and spent most of the

day in bed.

Accuracy of blanchable erythema for
predicting pressure ulcer development
A pair of researchers directly observed the skin

condition of subjects daily, and recorded the

presence of blanchable erythema and pressure

ulcers, location, date of development and date

of healing. To assess for blanchability, research-

ers pressed firmly on the skin with a finger and

lifted the finger and looked for blanching

(sudden whitening of the skin), followed by

prompt return of colour to the area. Pressure

ulcers were defined by using the National

Pressure Ulcer Advisory Panel classification

(6). Based on this observation record, the

probability of blanchable erythema resulting

in pressure ulcer development was calculated

in terms of sensitivity, specificity and positive

likelihood ratio and diagnostic accuracy was

examined. In the statistical methods, diagnos-

tic probabilities (sensitivity, specificity and

positive likelihood ratio) were used to calcu-

late. The LR is used to assess how good

a diagnostic test is.

Deteriorating factors involved in the
progress from blanchable erythema to
pressure ulcer
Data collected included demographic infor-

mation; diagnoses; a K-score for predicting

pressure ulcer risk; care processes related

to pressure ulcer prevention (skin integrity

assessment, pressure ulcer risk assessment, use

of support surfaces, maintenance of support

surfaces, repositioning schedule, maintain the

head of the bed at 30�C or below, protect for

the skin over the extreme bony prominence,

documentation of pressure ulcer risk and care

plan, skin care, nutritional assessment and

management). The Kanazawa University Pres-

sure Ulcer Predictive Scale (K-scale) assesses

the following two risk factor groups: underly-

ing risk factors and trigger factors. Of these

two factors, former involved immobility, bony

prominence and malnutrition and the latter

involved interface pressure, skin moisture and

shear. Each risk factor is answered with Yes or

No, and one point given for a Yes answer and

zero point for No answer. Potential scores

range from 0 to 6. The higher the score is, the

higher is the risk. K-scale is used at a patient’s

admission to the health-care facility and

whenever a significant change occurs in the

patient’s general health and status. This scale

has undergone testing in elderly and reliability

and validity have been established (7).

These data were collected by the direct

observation and medical and nursing record

review. Subjects who had blanchable ery-

thema, which resulted in pressure ulcer devel-

opment, were classified as the deteriorated

group and those who had no pressure ulcer

development were classified as the healed

group. We compared each type of data

between the two groups.

Ethical considerations
The purpose of the present study was ex-

plained to the director of nursing in the

hospital both orally and in writing and

permission for conducting the study was
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obtained. After informed consent was ob-

tained, the patients were included in the study.

In case of difficulty in verbal communicating,

consent was obtained from his/her family.

When investigating the skin, we confirmed the

medical condition of the patients. The study

protocol conformed to the ethical guidelines of

the Japan Ministry of Health, Labour and

Welfare. Development of pressure ulcers of

stage I and above and other problems were

reported to staff nurses for the safety of patients.

Statistics
To compare each parameter between the

healed and the deteriorated groups, the chi-

squared test and Mann-Whitney U test were

performed using SPSS II for Windows for

statistical analysis. P , 0�05 was considered

statistically significant.

RESULTS

Incidence of blanchable erythema and
consequences
The total number of inpatients during the

survey period was 493. A total of 15 were

excluded from the subject group; eight patients

with pressure ulcers and seven because of

deterioration of medical condition of the

patients. Among the remaining 478, 229 were

able to walk and 249 spent most of each shift

in bed (Figure 1). Among these 249 bedridden

subjects, blanchable erythema was observed in

62 (24�9%), six of whom (9�7%) developed

pressure ulcer, (stage I, n ¼ 3; stage II, n ¼ 3).

All pressure ulcers were partial thickness

wounds and eventually healed. On the other

hand, among the 187 patients without blanch-

able erythema, pressure ulcer development

was observed in two (1�1%; stage I, n ¼ 1;

stage II, n ¼ 1). These ulcers also eventually

healed (Figure 1). Hence, of the 249 bedridden

patients, pressure ulcer development was

observed in a total of eight (3�2%).

Accuracy of blanchable erythema for
predicting pressure ulcer development
Based on the 2 � 2 contingency table, sensitiv-

ity, specificity and positive likelihood ratio were

75%, 77%, and 3�26, respectively (Table 1).

Deteriorating factors
No significant differences were observed regard-

ing demographic information and diagnoses

Admitted to the study units (n = 493)

PU development 

(n = 2)

Stage      (n = 1)

Stage      (n = 1)

Disappeared 

(n = 56)

PU development 

(n = 6)

Stage       (n = 3)

n = 478 

NonPU- 

development 

(n = 185)

Excluded (n = 15)

Possession of PU at the study beginning (n = 8)

Deteriorate of medical conditions (n = 7) 

Bedridden (n = 249)Walking(n = 229)

BE development

 (n = 62) 

NonBE-development

(n = 187)

(Healed group) (Deteriorated group)

Stage       (n = 3)

Figure 1. Flow of patients through the study PU, pressure ulcer; BE, blanchable erythema.
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(Table 2). However, the number of patients

who had a risk under the item ‘pressure’,

which is one of the triggering factors in the K-

scale for predicting pressure ulcer develop-

ment, was significantly higher in the deterio-

rated group (Table 3) (x2¼4�277, P ¼ 0�039).
Inadequate maintenance of support surfaces

was observed in all six patients in the deterio-

rated group (x2¼0�228, P ¼ 0�015; Table 4).

DISCUSSION
Despite the potential important clinical impli-

cations of persistent redness, identification and

diagnosis of these lesions may be difficult for

nurses. This study was unique in that pairs of

researchers, who specialised in wound care

and were not involved in management of

the hospital wards surveyed, directly observed

the skin of 249 bedridden patients every

day. The present study provided highly reli-

able data, which thoroughly followed the

course of blanchable erythema from develop-

ment to outcome in 62 patients. Furthermore,

the present study was noteworthy in revealing

the factors affecting the course of blanchable

erythema in its deterioration to pressure ulcer.

Knowing the clinical course of blanchable

erythema is essential for their appropriate

management and to reduce the pressure ulcer

incidence rate.

Consequences of blanchable erythema
Detection of non blanchable erythema has been

reported the effectiveness for prevention of

partial thickness wound-type pressure ulcer

development (1,2,8). Rates of non blanchable

erythema deterioration to stage II and deeper

were 35�5% among the bedridden elderly in

Japan (1) and 59�8% among surgical inpatients

(2). On the other hand, the rates of blanchable

erythema deterioration were 4�8% in our study.

These results suggested that detecting the

blanchable erythema is more effective for pre-

vent the pressure ulcer development of stage II

and deeper. Although some have suggested that

it is difficult to distinguish between blanchable

erythema and healthy skin (9–11), non blanch-

able erythema is defined as a stage I pressure

ulcer in the Agency for Health Care policy and

Research classification(12) and skin integrity is

already impaired at this stage. Therefore, in

order to avoid impairment to the patients’

health, it was considered necessary to provide

pressure ulcer prevention care, which also

targets non blanchable erythema.

The sensitivity, specificity and positive likeli-

hood ratio for the probability of blanchable

erythema resulting in pressure ulcer were 75%,

77% and 3�26, respectively. This sensitivity and

specificity indicated high diagnostic accuracy.

On the basis of our results, the value of

Table 1 Accuracy of BE as a predictor of PU development

PU development Non PU development Total

With BE 6 56 62

Without BE 2 185 187

Total 8 241 249

BE, blanchable erythema; PU, pressure ulcer.

Table 2 Deteriorating factors to pressure ulcer in demographic information

Deteriorating factors Deteriorated group n ¼ 6 Healed group n ¼ 56 U value P value

Age1

69 (21–78) 74 (12–90) 134.5 0.425

x2 value P value

Gender

Male 5 31 1.742 0.187

Female 1 25

Diagnosis

Cardiovascular disease 1 21

Orthopaedic disease 4 12

Digestive disease 0 14 —

Respiratory disease 0 3

Urological disease 1 1

Others 0 5

1Values represent mediam with range.
2Statistical analysis could not be conducted because of small samples.
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positive likelihood ratio means small effect to

the clinical use (LR 3�26)(13). However, it

appears meaningful in this university hospital

with eight cases of pressure ulcer development

and the incidence rate was 3�2%. If nurses had

detected blanchable erythema and provided

pressure ulcer prevention care, it might be

possible to reduce the incidence of pressure

ulcer from 3�2% to 0�8%. Thus, detection of

blanchable erythema is assumed to be useful

for prevention of pressure ulcer development.

Deteriorating factors of blanchable
erythema to pressure ulcer
Based on the univariate analysis, it was

assumed that the factors that were involved

in pressure ulcer development were ‘pressure’

on the K-scale and ‘inappropriate selection of

support surfaces’. ‘Pressure’ can become a risk

factor when pressure redistribution care can-

not be provided to the patients regularly by the

nurses or caregiver because of deterioration of

medical condition of the patients, such as

shock or increased pain. Therefore, it was

assumed that appropriate position change was

not provided upon development of blanchable

erythema and that this resulted in pressure

ulcer development. It was also assumed that

nurses’ ignorance of support surface selection

in the care programme. Necessity of educa-

tional programme to understand the selection

of support surface in the care programme.

Limitation and further research
As only six subjects had blanchable erythema

that progressed to pressure ulceration in the

present study, it is necessary to extend the

survey period and to increase the number of

cases by conducting surveys at other facilities.

Moreover, most of the patients of this study

were postoperative patients who had indwell-

ing urinary catheters and no faecal inconti-

nence. Further study of incontinent subjects

with moisture problems that contribute to

pressure ulcer development by macerating

the skin is needed.

CONCLUSION
Based on these results, the accuracy of blanch-

able erythema for predicting pressure ulcer

development, sensitivity was 75%, specificity

77% and positive likelihood ratio 3�26. The

factors found to deteriorate blanchable ery-

thema were K-scale ‘pressure’ and inadequate

support surface management to a patient

whose condition was deteriorating. It was

considered important to confirm appropriate

use and selection of support surfaces if patients

develop blanchable erythema, even in the

absence of moisture as a risk factor, in order

to prevent development of pressure ulcers

including stage I pressure ulcers.
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