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Abstract

Four hundred and forty-six general, vascular and gynaecological
surgical patients were recruited to a two centre, double triangular
sequential randomised controlled trial to compare the post-operative
pressure sore incidence in patients positioned on the standard
operating table mattress with those positioned on the dry visco-elastic
polymer pad (Action Products, Inc.). Two hundred and twenty two
patients were randomised to the experimental group and 224 to the
standard mattress. The main endpoint failure rate (a pressure sore)
was found to be 11% (22/205) for patients allocated to the dry visco
polymer pad and 20% (43/211) for patients allocated to the standard
operating table mattress. There was a significant reduction in the
odds of developing a pressure sore on the dry visco-elastic polymer
pad as compared to the standard, q = 0.46 with 95% confidence
interval of (0.26, 0.82), P = 0.010. The adjusted point estimates of the
probability of developing a pressure sore on the dry visco-elastic
polymer pad and the standard operating table mattress were 0.11 and
0.21 respectively. & 1998 Elsevier Science Ltd. All rights reserved.

1. Introduction

A literature review of intra-operative pressure sore development
suggests a causal relationship between events during surgery and the
subsequent development of pressure sores (Bridel, 1992). However,
there are few studies (Stotts, 1988; Gendron, 1980; Kemp et al.,
1990), and with the exception of Kemp et al. (1990), those available
fail to specify research design or include specific factors on pressure
sore aetiology.

The extent of intra-operative pressure sore development within the
National Health Service (NHS) is unknown, yet many hospital
pressure sore prevention policies include strategies for theatres.
Recommendations for the intra-operative period are limited to
provision of equipment designed for operating tables which do not
impinge upon the stability of the patient's position, and hence safety,
or anaesthetic and surgical needs.



Products available for use on operating tables include a dry visco-
elastic polymer pad, replacement foam mattresses, a liquid
displacement cell mattress and silicone fibre overlays. In 1994, none
of these product types had been subjected to clinical evaluation by
randomised control trial (Bridel, 1993a). Two had been evaluated
under laboratory conditions (dry visco-elastic polymer pad and liquid
displacement cell mattress) using non-anaesthetized volunteers and
both demonstrated reduced interface pressure measurements at key
anatomical sites or total body areas in comparison to the conventional

operating table mattresses (Moore et al., 1992; Neander and
Birkenfeld, 1991).

The dry visco-elastic polymer pad had also been evaluated in a small
prospective study (Gendron, 1980). Of the 89 patients positioned on
the dry polymer pad 34% were reported as having blanching
erythema and 3.3% Stage 2 pressure sores, defined as 'redness,
edema and induration at times with epidermal blistering or
desquamation'. Interpretation of these results is difficult due to
numerous limitations in the reporting of the study. Furthermore, the
absence of a control group prevents any conclusion regarding their
relative effectiveness in reducing or preventing pressure sores.
Justification for the use of equipment in the prevention of intra-
operative pressure sores was based upon reported reduced interface
measurements (Neander and Birkenfeld, 1991) rather than clinical
outcome.

The purpose of this study was to determine the benefits of using an
intra-operative pressure reducing support surface. The dry visco-
elastic polymer pad was chosen on the basis of previous laboratory
evidence suggesting reduced interface pressures (Neander and

Birkenfeld, 1991), ease of practical application in direct contact with
the skin, intra-operative stability, ease of cleaning and cost.

2. Method
2.1. Aims

The main aim of the study was to compare the post-operative
pressure sore incidence in patients positioned on the standard

operating table mattress with those positioned on the dry visco-elastic
polymer pad.

Secondary objectives were to: investigate the variables which most
significantly contribute to post-operative pressure sore incidence and;
establish the pre-operative pressure sore prevalence. Findings

associated with the primary aim of the study are reported here with
other results reported elsewhere.

2.2 Design

Following pilot work (Bridel, 1993b), a sequential double triangular
design (Whitehead, 1992) was chosen for this randomised, double
blinded, controlled trial of the intra-operative use of a dry visco-elastic
polymer pad. Patients were recruited from St Jame's University
Hospital, Leeds, and The General Hospital, Hartlepool, if they met the
following criteria:



(a) Scheduled for elective major general, gynaecological or vascular
surgery.

(b) Aged 55 years or over on day of surgery.

(c) Scheduled to undergo 'major’ surgery.

(d) Position to be supine or lithotomy.

Major surgery was defined as a planned surgical procedure with an
average surgical time of 90 min or more. Three sub-specialties within
general surgery were not included (liver, urology and breast surgery).
Other exclusion criterial included:

(a) Pressure damage of Grade 2a or above observed pre-operatively
(b) Ward staff provision of pre-operative alternating pressure mattress
(c) Dark skin pigmentation which precludes reliable identification of
Grade 1 and Grade 2a skin assessments.

(d) Skin conditions over the sacrum, buttocks or heels which preclude
reliable identification of Grade 1 and Grade 2a skin assessments.

Following inclusion in the study patients were randomised to either
the standard operating table mattress or the dry visco-elastic polymer
pad (torso area and heels). The dry visco-elastic polymer pad was
placed in direct contact with the patient's skin. Both heel support for
the control group (gamgee pad) and warming mattress provision for
both groups (JMW Systems Ltd) was standardised across both
research centres.

Randomisation was stratified by centre (Hartlepool, Leeds) and age
(55-69 and 70 or over). A telephone randomisation schedule was
developed within random permuted blocks of 6, with a run-in of 8, and
managed by the Northern and Yorkshire Clinical Trials and Research
Unit.

All pre and intra-operative data were recorded by the research nurse,
and post-operative data recorded by recovery and ward staff who
were blind to the intra-operative mattress allocation. The record
pertaining to the intra-operative randomised mattress allocation

remained separate from the main data collection proforma to maintain
the blind.

2.3 Ethical considerations

Ethical considerations required consultation and compromise in the
clinical research sites. The need for informed pre-operative consent
and the prospective nature of the data collection dicated the inclusion
of elective surgical patients. Of particular importance, from an ethical
and professional perspective was that dry visco-elastic polymer pads
were in use within the St Jame's site on an ad hoc basis and this
influenced design elements in two ways. Firstly, it was one of the
criteria which determined the selection of the double triangular
sequential design, as detailed below. Secondly, patients were
excluded if pre-operative ward care included the provision of an
alternating pressure mattress.

2.4 Statistical design

The trial was designed to detect an absolute difference in the
incidence of theatre-generated pressure sores from 10% on the



standard mattress compared to 5% on the dry polymer pad with 90%
power at the 5% significance level. Two important issues required
consideration in statistical design and informed the choice of the
sequential design (Whitehead, 1992) as follows:

(1) There was a difficulty in determining sample size in advance of the
study due to the large degree of uncertainty in the expected incidence
of pressure sores in both arms of the trial (Gendron, 1980; Stotts,
1988; Kemp et al., 1990; Bridel, 1993b).

(2) There was a need to determine the relative effectiveness of the
dry visco-elastic polymer pad as quickly as possible because it was
already in use as a preventative intervention.

Based on an estimated difference in incidence 10% (standard) to 5%
(dry polymer) simulated results indicated that between 500 and 1000
patients would be required. A fixed sample design with the same
assumptions would have required a total of 1085 patients to be
recruited. Also the double triangular sequential design was specifically
chosen so that:

(1) Inferiority of the dry polymer visco-elastic pad would be
distinguishable from a lack of difference between the two mattress
types.

(2) There would be early stopping under the null hypothesis of no
difference between the treatments. If no difference existed between
the two mattress types, then simulated sample size calculations
indicated that the stopping boundary would be reached between 500
and 750 patients.

Independent interim analyses were conducted after recruitment of the
first 200 patients and subsequently after every 100 patients recruited.
Results were presented to an independent Data Monitoring
Committee (DMC) which was responsible for recommending when the
trial should be stopped. The DMC and statistician were blind to
treatment allocation during the course of this trial.

2.5 Statistical method

Sequential analysis was performed using the odds ratio formulation of
the double triangular design with the binary outcome of success and
failure as defined in Tables 1 and 2. The null hypothesis was no
difference in post-operative pressure sore incidence whether the
patients were assigned a dry polymer pad during their operation or a
standard foam operating table mattress. Figure 1 illustrates the trial
design where Z measures the cumulated evidence of the difference in
the incidence of pressure sores on the two treatment arms of the trial,
and V indicates the amount of information contained in the data about
the treatment effect. The sample statistics, denoted by Z and V were
were computed and plotted (see Fig. 2) at each interim analysis. q is
the odds of developing a pressure sore on a dry polymer pad
compared to

Table 1 Skin assessment scale
Skin

Grade
0 No skin disolouration

Description of skin



1 Redness to the skin - blanching occurs

2a Redness to the skin - non-blanching area

2b Superficial damage to epidermis

3 Ulceration progressed through the dermis

4 Ulceration extended into subcutaneous fat

5 Necrosis penetrating the deep fascia and extending to
muscle

Adapted from Torrance (1983)

on a standard operating table mattress and is the measure of the
difference between the treatments.

Mathematically the effect of the dry visco-elastic polymer pad is given
by

(theta) = PG (1-Py)
Ps (1- PG)

Where Ps is the proportion of patients allocated a standard mattress
developing a pressure sore and PG is the proportion of patients
allocated a dry visco-elastic polymer pad developing a pressure sore,
such that

(theta) > 1 if the dry polymer pad is inferior
(theta) = 1 if they are equivalent
(theta) < 1 if the dry polymer paid is superior

The statistics Z and V are given by:
Z = (nsFG - nGFs)/n
V = nGnsSF/ N3

Where ns = the number of patients allocated to the standard mattress
with endpoint recorded; nG = the number of patients allocated to the
dry polymer pad with endpoint recorded; Fs = the number of patients
developing a pressure sore on the standard mattress; FG = the

number of patients developing a pressure sore on the dry polymer
pad; F=FS+FG;n=ns+nGandS=n-F.

It was expected that the mattress effect at each of these interim
analyses would be adjusted for the strata used in the randomisation
allocation rule. The four other a priori important variables to be
accountedd for in the event of crossing a stopping boundary were
type of operation (vascular, non-vascular), length of operation,
proportion of time hypotensive and pre-operative length of stay
(Gendron, 1980; Kemp et al., 1990; Stotts, 1988; Bridel, 1993b). The
boundaries which were used for an inspection at an interim analysis
were adjusted for the limited

Table 2
Primary endpoint definition
Assessment time

Immediate Immediate 30 min-1h  Day 1 post Site-
preanesthetic (upto 30 following operation specific



Skin grade min) immediate (08.00 - 20.00 outcome

post assessment  h) Skin grade

operation Skin grade

Skin grade
0 0 Any grade Any grade Success
0 >1 >1 >1 Failure
0 >1 >1 0 Success
0 >1 0 Any grade Success
1 0 Any grade Any grade Success
1 1 Any grade Any grade Success
1 > 2a > 2a > 2a Failure
1 > 2a > 2a Oor1l Success
1 >2a Oorl Any grade Success

number of analyses occurring at discrete time points. This adjustment
over a series of interim analyses resulted in narrower stopping
boundaries which take the form of a ' Christmas tree' shape. The
theory of the double triangular sequential design provided a method of
calculating adjusted unbiased estimates of the probability of
developing a pressure sore on the two types of mattress when a
stopping boundary had been crossed.

Stop, dry polymer superior

104
Continue Stop, no significant difference batween
5- recruitment the two types of mattress
510 15 20 25 30
-5 4 Caontinue
recruitment W (A measure of the amount
-10 - of information in the trial)

Stop, standard matiress superior

N = 1085
the number of patients required
for the fixed sample design

Z { A measure of the difference in the pressure
sore incidence from the two types of matiress)

Fig. 1. llustration of the double tangular sequential design
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X
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Mew Max WV = 21.59 Stop the study and reject
the null hypothesis - dry polymer superior
Fig. 2. The difference in pressure sore incidence for the two mattress types.

All statistical analyses for the trial were carried out on 'intention to



treat' basis using the PEST3 and SAS software packages (PEST and
SAS). The stratified analysis of treatment effect in this trial was
carried out using the overrunning analysis option. The covariate
adjustment analysis was carried out using the logistic regression and
interactive matrix language procedures in SAS and the overrunning
analysis option in PEST3. Terms were only included in the logistic
model if their associated chi-square P-value was less than 0.05.
Models were chosen by forward stepwise regression and by
backward elimination to see if the same statistical model could be
established using both methods. These methods involve respectively
including the most, and excluding the least, statistically significant

terms in the model in a step by step manner. Interactions with
treatment were examined as well as main effects.

2.6. Outcome criteria

Skin was assessed using an adapted version of the Torrance scale
whereby Stage 2 was subdivided to enable the distinction between
intact and broken skin. (Torrance, 1983) as detailed in Table 1. This
concurs with debate regarding the classification of pressure sores and
the need to distinguish between intact and broken skin (Hitch, 1995;
Lyder, 1991). Also included was 'Grade 0' (no discolouration of the

skin) to clearly distinguish between assessment of normal skin and
missing data.

The main endpoint for the trial was determined as a success, no
pressure sore, or failure pressure sore (Table 2) at any of the five skin
sites most likely to incur skin damage (sacrum, left and right buttocks,
and left and right heels) (Bridel, 1993c). The primary endpoint was
established using the definition of a pressure sore as 'a persistent
discolouration of the same skin site on two or more successive days',
a definition adapted from those used by previous researchers
(Versluysen, 1986; Kemp et al., 1990 Ek et al., 1991; Lyder, 1991). A
particular feature of the end point definition was the specificity of
persistent worsening of the skin condition from its pre-operative
condition to that post-operatively for three successive assessments.

2.7. Reliability

During the 3-month study set-up time training was provided to ward,
recovery and intensive care staff

Table 3
Reasons for non entry to trial

Reason Number
Consent refused 60
Communication difficulties 12

Skin

Dark pigmentation (2)
Skin condition (86)

Pressure sore - 2a or above
(74



Unknown 1

Previously included in the study 6
Pre-operative pressure relieving 9
mattress

Trial management problems 24
Total 274

involved in the study. The inter-rater reliability of the skin assessment
tool was assessed between clinical staff and the research nurses and
the research nurses between centres.

Inter-rater reliability and its effect on the validity of the main endpoint
was also assessed during the course of the study by independent co-
assessment. Completeness of data was subject to nursing staff
availability.

3. Results
3.1 Sample

Patients were recruited from November 1994-June 1996 when results
reached a stopping boundry in the sequential model. Seven hundred
and twenty patients were potentially eligible for inclusion and of these,
a final 446 patients were randomised into the trial. Reasons for the
high attrition rate are detailed in Table 3. Two hundred and twenty two
were randomised to the dry visco-elastic polymer pad group and 224
to the standard mattress. Table 4 reports baseline characteristics and
variables thought a priori to effect outcome. At each centre and

Table 4
Baseline variables of treatment and control groups

Variable Levels Ec?llymer fnt:trt]?easrg
pad
Total = 222 Total = 224
Centre Hartlepool 66 (30%) 67 (30%)
Leeds 156 (70%) 157 (70%)
Age group 55-69 124 (56%) 128 (57%)
70+ 98 (44%) 96 (43%)
Gender Male 119 (54%) 116 (52%)
Female 101 (45%) 107 (48%)
Not known

9 0
(forms lost) 2 (1%) 1 (0%)

Pre-operative
Braden Scale

(Braden and

Bergstrom, 1988) 10-14 1 (0%) 0 (0%)

15-19 17 (8%) 23 (10%)



20-23 202 (91%) 200 (89%)

formstosy 2% 1%

Type of surgery Vascular 69 (31%) 70 (31%)
Non-vascular 151 (68%) 153 (68%)
Unknown

(forms lost) 2 (1%0) 1 (0%)

Less than 90

Length of Operation 50 (23%) 40 (18%)

min.
90-179 min. 108 (49%) 110 (49%)
180 min. or

longer 62 (28%) 73 (33%)
Unknown

(forms lost) 2 (1%) 1 (0%)

Length of pre-

operative

Hospital stay 0-1 days 107 (48%) 89 (40%)
2-4 days 62 (28%) 74 (33%)
5 days or more 51 (23%) 60 (27%)
Unknown

(forms lost) 2 (1%) 1 (0%)

Proportion of time

Hypotensive during

Operation (%) None 107 (48%) 94 (42%)
1-24 48 (22%) 56 (25%)
25-49 26 (12%) 35 (16%)
50-74% 24 (11%) 25 (11%)
75-100 15 (7%) (13%)

Unknown

9 0
(forms lost) 2 (1%) 1 (0%)

for both age groups, the treatment allocation was evenly balanced
and the proportion of patients undergoing vascular surgery on the two
types of mattress was similar. There was a tendency for patients
assigned to the standard operating table mattress to have slightly
longer length of operation, longer pre-operative stay and

proportionally more time in a hypotensive state than patients assigned
to the dry polymer pad.

3.2 Primary endpoint

The main endpoint was determined for 416 patients, with incomplete
data for 30 patients resulting from lost forms (3) and incomplete post-
operative skin assessment records (27). Main endpoint failure, a
pressure sore was 11% (22/205) for patients allocated to the dry
polymer pad and a 20% (43/211) for patients allocated to the standard



operating table mattress (Table 5). (Of note is the low failure rate at
Hartlepool 2.3% (3/129) compared with St Jame's 21.6% (62/287).

The median unbiased estimate of treatment effect, based on the odds
of developing a pressure sore after being placed on the dry polymer
pad during surgery compared with being placed on a standard
operating table mattress, was estimated after adjustment for centre
and age group. There was a significant reduction of pressure sores on
the dry polymer pad as compared to the standard mattress, (theta) =
0.46 with 95% confidence interval of (0.26, 0.82), P = 0.010. The
adjusted point estimates of the probability of developing a pressure
sore on the dry polymer pad and the standard operating table
mattress were 0.11 and 0.21 respectively.

A sensitivity analysis was carried out assuming that the patients with
missing endpoints were in fact failures. The odds of pressure sore
development on the dry polymer pad compared to the standard
operating table mattress was q = 0.62, 95% confidence interval (0.39,
1.00), P = 0.048, which is consistent in the sense that the difference in
the effects of the two types of mattress is in the same direction as that
in the main analysis.

The effect of the variables thought a priori to be important including
centre, age, type of surgery, length of operation, length of pre-
operative stay in hospital, and proportion of time the patient was in a
hypotensive state during surgery, were examined using logistic
regression to see if they modified the estimate of the difference in the
incidence of pressure sores between the two mattress types. The
same model was obtained by using a forward selection and backward
elimination.

In order of descending importance, the following variables were

significant in modifying the estimate of the differencee in the
probability of developing a pressure sore on the two mattress types:

CENT - Centre (Hartlepool = 1, Leeds = 0)
OPLN - Length of operation in min.

HYPO - Proportion of time the patient was in a hypotensive
state

STAY - Length of pre-operative stay in hospital in days.

Age and type of surgery were found not to be important in the

presence of the other variables. Age was not found to be important
even when included in the model of its own.

The model for response with the standard errors of the parameter

estimates in parentheses, based on 416 patients with determined
endpoints, was given by

n =-2.50 - 2.26(CENT) + 1.26HYPO + 0.004150PLN (0.34) (0.62)
(0.49) (0.0016) +0.0309STAY (0.015)

where the probability that a patient will develop a pressure sore is
given by

P=1/(1+e")



Thus, the probability that a patient will develop a pressure sore,
according to the definition of this trial, was higher at Leeds than
Hartlepool, increased with the proportion of time in a hypotensive
state during their operation, longer length of operation and longer pre-
operative hospital stay.

The mean proportion of time in a hypotensive state

Table 5
Trial endpoint by centre and mattress allocation.
Hartlepool Leeds

. .. Dry polymer Dry polymer
Trial endpoint pad Standard pad Standard Total
Failure 3 0 19 43 65
Success 59 67 124 101 351
Undetermined 4 0 13 13 30
Total 66 67 156 157 446

for patients in this trial was 19.2%, mean length of operation was
155.2 min., and mean length of pre-operative stay in hospital was 4.7
days. Hence at Hartlepool, the probability of a patient who had these

characteristics of developing a pressure sore was P = 0.02 and for a
similar patient at St Jame's the probability was P = 0.19.

The median unbiased estimate of treatment effect after adjustment for
centre and the covariates proportion of time hypotensive, length of
operation and length of pre-operative stay, was (theta) = 0.5 with a
95% confidence interval (0.27, 0.89), P = 0.020. The effect of the dry
polymer pad was slightly modified but outcomes remained statistically
significantly different. The covariate adjusted value of the mattress
effect can be interpreted by imagining a patient with the probability of
developing a pressure sore after being placed on a standard mattress
for their operation of P = 0.20 (the observed incidence). The
estimated probability of developing a pressure sore on the dry
polymer pad for such a patient is P = 0.11 with a 95% confidence
interval of (0.07, 0.19).

The covariates which were important in modifying the treatment effect
were examined for interaction effect with the mattress. The only

interaction which was found to be significant was treatment-centre, P
= 0.012.

3.3 Grades and sites

The majority of endpoint failures were skin changes from Grade 0 pre-
operatively to Grade 1 post-operatively (56/65) with four patients
having Grade 0-2a failures and five patients Grade 0-2b failures
(1.2%). Failures were observed on a total of 95 skin sites on sacral
(39), buttock (40) and heel (16) areas.

Of the 56 Grade 0-1 failures, all remained as either blanching or non-
blanching up to day 8. Of the five Grade 2B endpoint failures, only 20
had resolved by day 2. Of the remaining 36, 33 continued to have

persistent blanching hyperaemia for varying periods up to day 8 post-



one persisted and deteriorated to 2b. Of the four Grade 2a endpoint
failures, two resolved within 24 h to grade 1 which then persisted for
varying periods up to day 8, one resolved to 2a within 24 h which
persisted to day 8, and two persisted as 2b up to day 8.

Post-operative skin assessments up to day 8 identified a total of 56
patients with Grades 2a/2b at one or more sites, an incidence of
12.5% (56/446), of which 16% (9/56) were related to the trial endpoint
(Table 6).

3.4. Reliability and validity

A total of 133 paired assessments were undertaken by 94 nurses for
the pre-study inter-rater reliability assessments generating data for
664 skin sites. There was disagreement for 15/664 (2.2%) skin sites,
affecting 12/133 (9%) patients. Disagreements were mainly 0-1 (13)
with

Table 6
Grade 2 pressure sores observed during post-operative period -
immediate to day 8

Hartlepool n = 133 St Jame's n = 310
Grade 2a 13 (9.7%) 22 (7%)
Grade 2b 4 (3%) 17 (5.5%)
Total Grade 2 17 (12.8%) 39 (12.6%)

only two disagreements for 1-2a. A majority of the disagreements
were associated with assessment of heels (10/12 patients).

A total of 171 coassessments were undertaken in the recovery area
(105) and ward (65), generating a total of 851 site comparisons
between the main trial assessment and coassessment. Of these there
was a discrepancy of 72/851 (8.5%). All discrepant coassessments
were only one grade on the skin assessment scale with 68 0/1 and
four 1/2a disagreements. The five skin areas had similar levels of
disagreements (13-16 assessments). Despite the overall number of
discrepancies the number of misclassifications of success or failure
which would have resulted had the coassessments been used for
determination of the main endpoint rather than the main trial
assessments would have been five (three successes would have
been failures, one failure would have been a success and one
success would have been undetermined). Incorporating these altered
endpoints into a sensitivity analysis of the treatment effect results in a
median unbiased estimate for g = 0.50 with 95% confidence interval
(0.29, 0.88), P = 0.016. Therefore, the significant difference in the
effect of the two mattress types remains.

4. Discussion

The overall endpoint failure rate of 15.6% is consistent with findings
from other studies of elective surgical patients which report pressure
sore incidence rates ranging from 12-57.4% (Gendron, 1980; Stotts,
1988; Kemp et al., 1990; Marchette et al., 1991; Hoshowsky and
Schramm, 1994; Papantonio et al., 1994). The apparently wide
variation in incidence can be accounted for by differences in pressure



criteria.

With respect to the endpoint failure rate for the control and
experimental groups, two recent studies include the dry polymer pad
within a prescribed treatment regime. Hoshowsky and Schramm
(1994) reported the results of a trial, comparing standard, foam/gel
and dry polymer mattresses. Including only heels, each patient
provided their own control. Interpretation is difficult since incidence is
calculated using only one immediate post-operative skin assessment,
there is no comparison between pre- and post-operative assessments
and incidence for each support surface is not detailed, although a
statistically significant difference in incidence was reported in favour
of the dry polymer pad. Papantonio et al. (1994) in a study of 136
patients, utilized the dry polymer pad intra-operatively for all patients
(elective cardiac surgery). They reported an incidence of 27.2% but
did not identify exclusion criteria nor distinguish between pre,
immediate post-operative and total post-operative period up to day 5.

Results are also consistent with the broader conclusions derived from
a systematic review of pressure sore prevention equipment (Effective
Health Care, 1995). Using only randomised controlled trials, the
review concluded that low technology constant pressure supports
reduce pressure sore incidence when compared to standard mattress
provision. Whilst the standard operating table mattress is not directly
comparable to the standard hospital mattress the principle that a
pressure reducing surface reduces patient risk is established.

Skin grades observed were also consistent with findings from other
studies of the post-operative period. There was a predominence of
persistent blanching hyperaemia, a small number of Grade2a and 2b
sores and a complete absence of severe progressive sores.
Continued follow up to day 8 did not identify the delayed appearance
of Barton and Barton Type 2 pressure sores (Barton and Barton,
1981; Gendron, 1980; Stotts, 1988; Kemp et al., 1990; Marchette et
al., 1991; Hoshowsky and Schramm, 1994; Papantonio et al., 1994).
An absence of severe progressive sores reflects the specificity of the
exclusion criteria and the short post-operative follow-up (Stotts, 1988).
The paucity of post-operative evidence of Barton and Barton Type 2
pressure sores which have previously been identified by case study
reports (Gendron, 1980; Vermillion, 1990) suggests these are very
rare and their occurrence should prompt local investigation.

However, it is noteworthy that patients with existing skin damage,
including signs of potentially irreversible changes (non-blanching
hyperaemia) were excluded from the study. There is evidence that
patients with existing pressure sores are at greater risk than pressure
sore free patients of developing further sores (Berlowitz and Wilking,
1990; Bergstrom and Braden, 1992; Clark and Watts, 1994). The

sample is further affected by the exclusion of patients with other skin
damage including vascular ulcers to ensure validity.

One criticism which could be leveled at the present study is the
inclusion of blanching hyperaemia within the endpoint definition of a
post-operative pressure sore. Criticism may be waged on three points
- firstly, the large number of post-operative assessors; secondly the
reliability of assessment and its effect upon the validity of results; and
thirdly, the clinical importance of blanching hyperaemia.



With respect to the first two points, co-assessments quantified the
level of disagreement between assessors as 8.5%. However, the
sensitivity analysis determined that disagreement affected
classification of only five endpoints (2.9%) and did not impact upon
the overall difference observed between the two mattresses.

The clinical importance of blanching hyperaemia continues to be a
source of debate (Hitch, 1995). Central to this are questions regarding
the relationship between the observation of reactive hyperaemia and
subsequent skin/tissue loss. This has been the subject of little or no
research. Marchette et al. (1991) reported "a significant relationship
between the incidence of redness and skin ulcers (P = 0.00001)";
however, a number of limitations of the study and published results
are apparent including study design (record review), no detail
regarding the 'conversion rate' of reddened area to skin loss and an
absence of information relating to the statistical methods used.

From a physiological perspective reactive hyperaemia whether
blanching or non-blanching in a localised area following a pressure
assault is a clear indicator that capillary occlusion has occurred.

From a clinical perspective, pressure sore prevention equipment aims
to reduce localised pressure, friction and shear and thereby prevent
capillary occlusion. When assessing the immediate effect of a single
pressure assault hyperemia provides sensitive clinical evidence of
capillary occlusion and the endpoint criteria used in this study clearly
distinguishes between transient and persistent skin changes providing
an outcome which enables differentiation between the two support
surfaces. The validity of the outcome criteria is further supported by
the large percentage (69%) of endpoint failure patients whose skin
was observed to have changes persistent beyond the endpoint of day
1 post-operatively. Three of the five variables considered of a priori
importance reduced the magnitude of the treatment effect.

The relationship between proportion of time hypotensive and
increased length of surgery to treatment effect support the
pathophysiology literature which suggests that there are threshold
values for pressure and time which are threshold values for pressure
and time which are dependent upon auto-regulatory processes at an
individual level (Bridel, 1993d). The maintenance of capillary flow and
the ‘critical closing pressure' is determined on an individual basis by
an interplay of forces between intravascular pressure, muscle
contraction and elastic forces of the blood vessel wall and externally
applied pressure (Lippold and Winton, 1979). Auto-regulatory
processes affecting capillary flow are evident (Frantz et al., 1993) and
related to systemic blood pressure (Schubert, 1991). The results
illustrate that if internal factors increase the risk of capillary occlusion,
the potential benefit of reducing external pressure is modified (or
reduced).

Time is important in two ways: firstly, there is evidence of low/reduced
blood flow in response to external pressure and associated
diminished tissue oxygenation (Bader, 1990; Frantz et al., 1993;
Xakellis et al., 1991), with suggested risk of gradual development of
ischaemic conditions. Secondly, if complete occlusion or ischaemia
occurs time becomes important in determining the extent of tissue



damage (Kosiak, 1961).

A relationship between length of stay and pressure sore incidence
has been reported (Norton et al., 1962; Stotts, 1988) and some
debate exists as to whether length of stay reflects morbidity and
intrinsic risk or hospitalization and continuous exposure to extrinsic
factors such as high pressures (Versluysen, 1986) or both.

With respect to age, results are inconsistent with much of the
literature which clearly links increasing age to increased pressure
sore prevalence and incidence (Barbenel et al., 1977; Waterlow,
1988; Bergstrom and Braden, 1992; Papantonio et al. 1994), although
similar results are reported by Kemp at al. (1990). An important
consideration is that sampling was purposive in relation to both age
(55 years) and surgery (major) and results suggest that potential age
related differences in risk are less important in such a homogenous
group than the morbidity associated with individual circumstance.

In relation to type of surgery, case study (Gendron, 1980; Vermillion,
1990) and audit data, rather than research evidence led to the
inclusion of this as a variable of a priori importance requiring
consideration. There was a perception of increased risk amongst
vascular surgical patients, indeed a difference in the overall post-

operative pressure sore incidence was observed - vascular 25.6%
and other 14.6%.

Unexplained are the differences between centres and the low failure
rate at Hartlepool (3/129). The differences observed in the immediate
post-operative period (trial endpoint) are not mirrored in the continued
post-operative follow up to day 8; indeed a greater proportion of
Hartlepool patients were observed to have Grade 2 pressure sores
during their post-operative recovery (Table 6). It is unclear whether
patient characteristics (hypotensive episodes, length of surgery and
Braden Scores), measurable practices (pre-operative length of stay,
post-operative mattress) and/or unmeasured practice
(positioning/repositioning) account for variation within the immediate
post-operative period, and is an area requiring further investigation.

4. Conclusions

In this randomised controlled study of 446 vascular, general and
gynaecology patients, the use of a dry visco-elastic polymer pad intra-
operatively reduced the probability of pressure sore development by
half. Although the effect was slightly modified by the variables centre,
proportion of time hypotensive, length of surgery and pre-operative
length of stay, the effect of the dry visco-elastic polymer pad remained
statistically significant. Similarly, in sensitivity analyses accounting for
skin assessment variation and undetermined endpoints the effect of
the dry visco-elastic pad in reducing post-operative pressure sore
incidence remained statistically significant. It is noteworthy that the
majority of endpoint failures were persistent blanching hyperaemia,
but that 69% of these patients were observed to have persistent skin
changes beyond the peri-operative period and this furthers the debate
regarding the clinical importance of this outcome. The minimal cost of
the dry visco-elastic polymer pads in comparison to the cost of
pressure sore treatment and the personal cost to patients, in relation



practice.
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