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ABSTRACT

Non blanchable erythema, i.e. stage | pressure ulcer, is common in patients in acute and geriatric care and in
nursing homes. Research has shown that this type of lesions is prone to develop into more severe pressure ulcers.
The peripheral skin blood perfusion is of major importance for the development of pressure ulcers. The aim of this
study was to explore the peripheral skin blood perfusion over time, in areas with non blanchable erythema and in
corresponding undamaged areas on the opposite side of the body. A total of 19 measurements were performed,
over time, using a laser Doppler perfusion imager. The blood flow distribution profiles over areas with non
blanchable erythema and undamaged skin were found to be different. As the area of the non blanchable
erythema decreased, the blood perfusion distribution profiles gradually became more heterogeneous; an area of
high blood perfusion in the centre of the lesions was seen and the perfusion successively decreased closer to the
edge. These results indicate that there are differences in blood perfusion between skin areas of non blanchable
erythema and undamaged skin. The results also indicate that the visible redness in areas with non blanchable
erythema is related to altered blood perfusion. The skin blood perfusion also seems to increase in relation to the

size of the non blanchable erythema.
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INTRODUCTION
Non blanchable erythema with intact skin
surface, ie. stage I pressure ulcers (1), is
common in patients in acute and geriatric care
and in nursing homes. The lesion is caused by
unrelieved pressure resulting in damage of the
underlying tissue (2,3). This type of lesion is
also frequently observed in patients who have
undergone surgery (4,5). Non blanchable
erythema is an important early sign of tissue
damage, and this type of lesion is prone to
develop into more severe pressure ulcers (6,7).
The frequency of pressure ulcers increases
with advancing age, and elderly patients with
pressure ulcers have a significantly lower
systolic blood pressure than elderly patients

without pressure ulcers (8,9). Immobility
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Key Points

e non blanchable erythema is an
important early sign of tissue
damage and is prone to develop
into severe pressure ulcers




Key Points

e the aim of this study was to
explore and compare the periph-
eral skin blood perfusion over
time, in areas with non blanch-
able erythema and in corre-
sponding undamaged areas on
the opposite side of the body

® the measurements were carried
out on five patients, four
women and one man

o the patients’ ages ranged from
68 to 83
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affects the microcirculation in several ways.
Impairment of the ability to increase the blood
flow with rising temperature was found in
older inpatients (10), as well as impaired
reactive hyperaemia after bed rest in healthy
young men (11). This may lead to a risk of
insufficient blood flow, ischaemia in the tissue,
which in turn contributes to the development
of pressure ulcer (10).

The skin blood perfusion is of major
importance for the supply of nutrients and
oxygen to the tissue and the removal of waste
products. The skin blood perfusion plays a role
in the temperature and blood pressure regula-
tion as well as in the distribution of blood flow
and blood volume in the body (12). When
performing a histological examination of dam-
aged human tissue, such as non blanchable
erythema, changes in the blood vessels in the
papillary part of the dermis were found, which
revealed concentration of red blood cells,
dilation of blood vessels and bleeding (13).
Changes in the papillae and the papillary
layers may be related to impairment of tissue
viability and contribute to the development of
pressure ulcers (14). Schubert and Fagrell (15),
who examined skin blood flow in human skin
exposed to pressure, found that the skin
perfusion increased in line with increased sur-
face pressure up to 12-50 mmHg. A gradual
decrease in the perfusion was then seen with
increasing pressure. Herrman et al. found
similar results in an animal model; the skin
perfusion reached a maximum of about 14
mmHg, after which perfusion decreased with
increased pressure and reached zero perfusion
at a pressure of 58 mmHg. One explanation for
the changes in perfusion could be that it is an
artefact related to the laser Doppler technique.
The authors concluded that the perfusion
changes were probably due to the result of
vasodilation as the changes were only seen in
unstressed skin and not in stressed skin (16).

Ek et al. (1987) measured the basal skin
blood flow, using laser Doppler flowmetry in
11 healthy individuals and 21 patients with
partial or total hemiplegia. The measurements
were performed on the skin over the sacrum,
m. gluteus maximus and heels, and the median
skin blood flow in healthy individuals were
0-045, 0-054 and 0-228 V, respectively. In the
patients, the blood flow over the sacrum was
0-08 V; in the m. gluteus maximus, and paretic
and non paretic sides, the blood flow was 0-024

V; and in the heels, corresponding sides, the
blood flow was 0-060 and 0-068 V, respectively.
There were no significant differences in blood
flow between the paretic and the non paretic
sides in patients (10). When measuring blood
flow in elderly patients in the early stages of
pressure ulcers a significantly increased blood
flow was seen at the edge and in the centre of
the lesions (17).

No earlier studies were found that examine
blood flow in skin areas with non blanchable
erythema over a period of time, e.g. weeks.
However, experience tells us that when these
skin areas are relieved of pressure, the lesions
tend to heal quite rapidly. Because there is
a lack of knowledge in this area, it is of great
importance to explore this problem in order to
promote preventive nursing care measures.
Aim
The aim of this study was to explore and
compare the peripheral skin blood perfusion
over time, in areas with non blanchable
erythema and in corresponding undamaged
areas on the opposite side of the body.

METHOD

The Research Ethics Committee of the Faculty
of Health Sciences, Linkoping University,
approved the study.

Patients

The measurements were carried out on five
patients, four women and one man. One
patient was included when in hospital and
four were included when in nursing homes.
The mean age of the patients was 76-8 + 5-5
years, ranging from 68 to 83 years. Four of the
patients suffered from stroke and the fifth
patient from a knee fracture. Three of the skin
damages were situated at the heels, one at the
malleolie, and one at the Achilles tendon
(Table 1).

The registered nurses on the hospital wards
and at the nursing homes were asked to con-
tact a member (M. L.) of the scientific team
whenever a patient developed a non blanchable
erythema. The patients and/or their next of kin
were informed about the study both orally and
in writing. After informed consent was ob-
tained, the patients were included in the study.

Procedures and instruments
In this study, the skin blood perfusion in areas
with non blanchable erythema, and in non
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Table 1 Demographic data of each patient included in the study

Localisation of non

Age (in years) Gender blanchable erythema Diagnosis
Patient 1 68 Male Right Achilles tendon Knee fracture, hypertension
Patient 2 78 Female Left heel Stroke, dementia
Patient 3 79 Female Left malleolie Stroke
Patient 4 76 Female Right heel Stroke, diabetes mellitus,
cardiac infarction, kidney disease
Patient 5 83 Female Left heel Stroke, cardiac infarction, epilepsy

damaged areas on the opposite side of the
body, was measured. The patients were thus
their own controls. Non blanchable erythema
(stage I pressure ulcer) is defined as a red-
coloured or a reddish-blue-coloured skin area
with an intact skin surface (1,8), remaining
after 2 hours of total pressure relief. The area of
non blanchable erythema was then to be kept
free of pressure during the entire study period.

The measurements were performed a maxi-
mum of four times over 3 weeks, in the
patient’s own environment, e.g. the person’s
own room on the ward or at the nursing home,
with the exception of one patient, where two
of the measurements were performed in the
patient’s home. The patients were placed
in a supine position, with the damaged areas
unloaded, that was comfortable for them and
were stabilised with pillows to ensure that they
would be able to lie still. The measurement
areas were marked with a waterproof pen, to
ensure measurements at the same area from
time to time. The measurements were per-
formed after at least 20 minutes of bed rest
(18,19). The procedure was standardised; in all
cases, the measurements were taken in a spe-
cific order. Blood perfusion in the areas of skin
damages was measured first, followed by
measurement in the undamaged areas on the
opposite side of the body. Precautions were
taken to ensure that the undamaged skin areas
would not be loaded before measurements.
Afterwards, photographs of the non blanch-
able erythema were taken, and the local skin
temperature, the body temperature, the pulse,
the blood pressure, and the ambient tempera-
ture were measured.

The skin blood perfusion measurements
were performed, using a laser Doppler perfu-
sion imager (LDPI; PIM 2-3 Laser Doppler
perfusion imager®; Lisca Development AB,
Linkoping, Sweden) (10,20,21). The LDPI scans
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the tissue in a stepwise manner, using a low-
power laser (output power <1 mW, wave-
length 635 nm) and generates colour-coded
images of the tissue blood flow to a depth of
approximately 0-6 mm (<1 mm). The skin
blood perfusion is defined as the product of
the average speed of the blood cells and the
concentration (22). The measurements were
performed in a non invasive way without
touching the skin, i.e. at a distance of 20 cm.
Each measurement lasted approximately 5
minutes and a dark green cloth with a hole
for the scanning area covered the skin. The
scanning areas were also marked using a black
permanent pen to make it possible to scan the
same area for the duration of the study.

The skin temperature was measured using a
Raynger®ST non contact thermometer (Raytek
ST, Santa Cruz, CA, USA). Because there was
a margin of measurement error of+1°C, the
mean value of five measurements was calcu-
lated and registered. The body temperature
was measured in the armpit, using a Terumo
digital thermometer, according to the routine
procedure for such body temperature measure-
ments. The ambient temperature was measured
using a Schwille electronic digital thermometer.

The size of the skin area with non blanchable
erythema was calculated using the grid tracing
method (23,24), i.e. a transparent film was
placed over the damaged area and the area
was outlined with a permanent marker pen,
and the drawing was then transferred onto
another transparent plastic film with a pre-
printed square grid, where each square had an
area of 0-25 cm®. The area was then calculated
using the following formula: (N + Nc/2) x
0-25 cm?, where N equals the number of whole
squares, present in the tracing, and Nc the
number of partial squares in the tracing.

Photographs of the non blanchable erythema
areas were taken using a digital camera.

Key Points

e in this study, the skin blood
perfusion in areas with non
blanchable erythema, and in
non damaged areas on the
opposite side of the body was
measured

e the measurements were per-
formed after at least 20 mi-
nutes of bed rest

e photographs of the non blanch-
able erythema were taken. The
local skin temperature, the body
temperature, the pulse, the
blood pressure and the ambient
temperature were also mea-
sured




Key Points

o there were no significant corre-
lations in blood perfusion
between the skin areas with
non blanchable erythema or
undamaged skin and the re-
maining variables such as
ambient temperature, body
temperature , skin temperature
and blood pressure
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Statistics

The skin blood perfusion values were pre-
sented in terms of mean =+ standard deviation.
Differences in skin blood perfusion distri-
bution between non blanchable erythema
and undamaged skin were compared using
Levene’s test for equality of variances and the
Kolmogorov-Smirnov test. Because the results
from these tests were similar, only the re-
sults from Levene’s test are presented in the
Results section. P < 0-05 was considered to
be significant.

The skin blood perfusion distribution pro-
files are presented as cumulative relative fre-
quency histograms (21). In these, the cumulative
relative frequency of the observations is shown
on the y-axis and the perfusion value (V) on
the x-axis.

RESULTS

Four measurements were taken in four pa-
tients, and the measurements were performed
in the patient’s own room at the nursing
homes. In patient 1, three measurements were
made, the first of which was made in the
patient’s room in the hospital ward and the
remaining two at the patient’'s own home.

All the measurements were performed in an
ambient temperature ranging from 22.6 £+ 0-3
to 24-7 & 0-3°C. The patients’ skin temperature
in damaged and undamaged skin areas ranged
from 29-4 4+ 0-4 to 339 + 0-5°C and 28-2 + 1-2
to 33-7 £+ 0-9°C, respectively. All patients had
a normal blood pressure, systolic, ranging
from 132-5 &+ 5.0 to 1567 £ 10-4 mmHg, and
diastolic pressure ranging from 67-5 + 5-0 to
75-0 + 5-8 mmHg (Table 2).

The blood perfusion was different in all skin
areas with non blanchable erythema as com-
pared with the blood flow in undamaged skin
with some exceptions. In patient 2, measure-
ment 1 was non significant and, in this patient,

the non blanchable erythema was located at
the paretic side of the body. The other excep-
tion was measurement 3, in patient 5, where no
differences were found, and the non blanch-
able erythema was no longer visible to the
naked eye (Table 3).

There were no significant correlations in
blood perfusion between the skin areas with
non blanchable erythema or undamaged skin
and the remaining variables such as ambient
temperature, skin temperature, body tempera-
ture and blood pressure.

Observing the blood perfusion distribution
profiles, there were no obvious pattern in the
differences in the profiles between the skin areas
with non blanchable erythema and the undam-
aged skin in patients 1 and 2. The skin areas of
non blanchable erythema, in these patients,
increased over time, by 26:9% and 21%,
respectively, despite pressure relief. However,
a possible small decrease was seen at the last
measurement for patient 1 (Figure 1A, 1B, 1C).

In patient 3, the blood perfusion distribution
profiles over areas of non blanchable erythema
and undamaged skin were found to be sepa-
rated at the first measurement, compared with
the later measurements, becoming more homo-
geneous over time. The area of the non
blanchable erythema decreased gradually,
from measurements 1 to 4. The total decrease
was 46:7% (Figure 2A, 2B).

In patient 4, the blood perfusion distribution
profiles were quite similar in areas with non
blanchable erythema and in undamaged skin
areas in measurements 1 to 3. The area of the
non blanchable erythema decreased between
measurements 1 and 3 by 57-1%, although
a small increase was seen in measurement 4.

In patient 5, the blood perfusion distribution
profiles were separated from each other in
measurements 1 and 2. In measurements 3
and 4, the distribution profiles were close and
almost identical, and the non blanchable

Table 2 Overview of measurements for each patient, presented as mean + SD

Measurement Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Ambient temperature (°C) 226 £03 247403 237 +£12 242423 244401
Body temperature (°C) 369 +02 367+06 368+03 369+06 362+03
Skin temperature of non blanchable erythema (°C) 333 +19 328+ 10 339+ 05 294+04 301+14
Skin temperature of undamaged skin (°C) 282 £ 12 314+ 45 33.74+09 309+ 11 293 £ 0-8
Area of non blanchable erythema (cm?) 31+04 245+ 20 234+08 106 +4-3 2-3 + 3:1

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg) 733 £ 29

73:6 + 85

156-7 £ 10-4 1413 £ 21.0 1325 £ 50

750 £ 58

1350 £ 12.9 145.0 £ 4-1

67-5 £ 50

725 £5-0
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Table 3 Skin blood flow in areas with undamaged skin and non blanchable erythema, mean and SD

Area of non Systolic/diastolic

Measurement Blood flow in Blood flow in non blanchable blood pressure
number undamaged skin (V) blanchable erythema (V) P value* erythema (cm?) (mmHag)
Patient 1

1 0-85 4 0-39 1-15 4 0-51 0-000 2:6 145/75

2 0-62 + 0-16 0-83 £+ 0-57 0-000 34 160/75

3 0-78 &£ 0-21 0-97 4+ 0-35 0-000 3.3 165/70
Patient 2t

1 2:28 £ 1.04 1-93 + 0-98 0-539 224 135/70

2 2-58 + 0-96 243 £ 1-65 0-000 23-5 140/65

3 278 £+ 1.04 3.22 4+ 1-35 0-000 25-0 120/75

4 2:01 + 1.11 2-01 4+ 0.98 0-000 271 178/85
Patient 3

1 1-19 & 0-47 2:22 4+ 1-28 0-000 3.0 140/70

2 1.74 & 112 1-87 + 1-29 0-002 2-8 130/80

3 1-44 £ 0-74 1-65 & 1-10 0-000 1-6 130/80

4 1-77 + 0-85 1-45 4+ 0.97 0-003 1-6 130/70
Patient 4

1 1-25 + 0-38 1-57 &+ 0-49 0-000 14-0 130/70

2 1-06 & 0-31 1-14 £ 0-44 0-000 14-4 120/60

3 0-85 4+ 0-17 1-10 + 0-44 0-000 6-0 150/70

4 1-10 & 0-28 1-60 & 0-39 0-000 79 140/70
Patient 5

1 119 + 0-32 2:05 + 0-64 0-000 6-6 145/70

2 1-28 + 0-32 1-72 £ 100 0-000 2:6 145/70

3 1-47 4+ 0-31 0-89 4 0-30 0-067 0 150/70

4 1-08 + 0-34 1-07 + 0-29 0-000 0 140/80

*Levene's test, F-test for equality of variance used.
tNon blanchable erythema in the paretic side of the body.

erythema was no longer visible by that time
(Figure 3A, 3B).

When the perfusion data of all patients were
pooled and corrected for mean, the cumulative
perfusion profile showed the same patterns as
presented in the individual histograms (21).

A typical illustration of blood perfusion in
an area of non blanchable erythema is shown
in Figure 4. There is an area of high blood flow
in the centre of the lesion and the flow
successively decreases closer to the edge.

DISCUSSION

The skin blood perfusion in this study was
measured using a laser Doppler perfusion
imaging. The laser Doppler technique has been
used in a large number of studies for measur-
ing the skin blood flow perfusion with different
techniques, however (7,10,20,21). The tech-
nique has been developed for about 25 years
and has been found to be a reliable method
for measuring skin blood perfusion (25).
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In this study, we found different blood
perfusion distribution profiles in skin areas
with non blanchable erythema as compared
with undamaged skin. These findings may
indicate that the visible redness in areas of non
blanchable erythema may be related to an
increased blood perfusion in this area. His-
tological examination of human tissue with
non blanchable erythema showed a high con-
centration of red blood cells in the affected
areas (13). Because the LDPI technique meas-
ures both the average speed of the blood cells
and the concentration of red blood cells, the
higher values and the redness could be related
also to the large number of red blood cells in
the area.

The patients in this study had considerably
higher skin blood perfusion values (Table 3)
than patients with undamaged skin and
healthy individuals in an earlier study (10).
Four of the five patients also had partial
hemiplegia following stroke. This may have

Key Points

o the skin blood perfusion in this
study was measured using
laser Dopplar perfusion imag-
ing

o in this study, we found different
blood perfusion  distribution
profiles in skin areas with non
blanchable erythema as com-
pared with undamaged skin

e these findings may indicate
that the visible redness in areas
of non blanchable erythema
may be related to an increased
blood perfusion in this area

o the patients in this study had
considerably higher skin blood
perfusion values than patients
with undamaged skin and
healthy individuals in an earlier
study




Key Points

o it is difficult to see any effects of
the pressure relief because some
of the areas of non blanchable
erythema increased while some
decreased

e perhaps, these changes are
related to the possibility of
performing pressure relief for
different patients
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Figure 1. (A, B, C) Cumulative relative frequency line graphs, showing the perfusion in undamaged skin and in areas with non

blanchable erythema in patient 1 (21).

influenced the results to some extent. How-
ever, when measuring basal blood perfusion in
a previous study, no significant differences
were found in skin blood flow between the
paretic and the non paretic sides (10). In
a future study, it would be of major importance
to perform measurements on healthy individ-
uals for comparison.

The distribution profiles in areas of undam-
aged skin are almost identical to those found in
an earlier study on healthy individuals (21).
The blood flow profile in areas of non
blanchable erythema shows a different pattern
compared with undamaged skin areas. In
addition, the distribution profiles in areas of

non blanchable erythema become increasingly
similar to the profile of the undamaged skin as
the size of the erythema decreases, the profiles
becoming almost identical when the non
blanchable erythema is no longer visible.

The areas of non blanchable erythema were
supposed to be totally relieved of pressure
during the study and the assumption was that
the areas would successively decrease after
pressure relief. It is however difficult to see any
effects of the pressure relief because some of
the areas of non blanchable erythema in-
creased while some decreased. Perhaps, these
changes are related to the possibility of per-
forming pressure relief for different patients.
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Figure 2. (A, B) Cumulative relative frequency line graphs, showing the perfusion in undamaged skin and in areas with non
blanchable erythema in patient 3 (first and fourth measurements) (21).
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Figure 3. (A, B) Cumulative relative frequency line graphs, showing the perfusion in undamaged skin and in areas with non
blanchable erythema in patient 5 (first and fourth measurements) (21).
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Key Points

o these results indicate that there
are differences in blood flow
perfusion between skin areas of
non blanchable erythema and
undamaged skin

e the results also indicate that
the visible redness in areas
with non blanchable erythema
is related to altered blood
perfusion

e the skin blood perfusion also
seems to increase in relation to
the size of the non blanchable
erythema
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Figure 4. Typical result from a laser Doppler perfusion imager measurement in an area with non blanchable erythema. (A) The
digital photograph, (B) the perfusion image and (C) the combined digital photograph and perfusion image are shown.

Observing the perfusion images, a typical
pattern of non blanchable erythema could be
observed. There was a concentration of high
blood flow in the centre of the damaged area
with a successive decrease closer to the edges.
Schubert et al. (7)found, however, an increased
blood flow both in the centre and at the edge of
non blanchable erythema.

This is an explorative study with few
patients; hence, it is difficult to generalise from
these results. Data concerning movements
were not registered. Also, the risk for cooling
of the uninjured foot during the measurement
procedure was not considered. A random
order of measurements could perhaps have
minimised this problem. Nevertheless, this
study has generated many interesting ques-
tions from a methodological point of view as

well as questions of interest for further study
of skin blood perfusion and pressure sores.

In conclusion, these results indicate that
there are differences in blood flow perfusion
between skin areas of non blanchable ery-
thema and undamaged skin. The results also
indicate that the visible redness in areas with
non blanchable erythema is related to altered
blood perfusion. The skin blood perfusion also
seems to increase in relation to the size of the
non blanchable erythema.
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