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50%." " Approximately 60,000 people die each year
from complications of pressure ulcers."

The exact incidence and prevalence of pressure ulcers
in patients who undergo cardiovascular surgery is
unknown despite well-defined pathophysiology and risk
factors.”""'" The National Perioperative Pressure Ulcer
Prevalence study of U.S. hospitals in 1997 found that
about 7% of pauents who had undergone cardiovascu-
lar surgery developed pressure ulcers within 4 days of
surgery.”” Papantonio et al” found sacral pressure ulcers
in 27% of cardiac surgical patients. Increased age, dia-
betes, and transfer from another hospital increased the
risk of sacral pressure ulcers after cardiac surgery. To
dare, no prospective, randomized, controlled trials have
been published on interventions (such as pressure-
reducing devices) to prevent pressure ulcers in patients
who undergo cardiovascular surgery.

A new patient support surface designed to prevent
and trear pressure ulcers has potential for this patient
population. The product is comprised of a thin pad
with more than 2,500 small air cells enclosed in a fluid-
proot cover. The air cells are arranged in rows so that
the patient is supported by 50% of the cells (the inflated
cells) at any given time. When the cells are deflated, they
are not in contact with the patient, With a cycle time of
less than 5 minutes, the tissuc over the deflated cells has
an opportunity to reperfuse at frequent intervals.

The primary objective of this prospective, random-
ized, controlled trial was to compare the efficacy and
safety of the multi-cell pulsating dynamic mattress sys-
tem (MicroPulse Inc., Portage, Mich.) with convention-
al management in the preventian of pressure ulcers in
the operative and postoperative settings in patients
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undergoing cardiovascular surgery. Conventional man-
agement was defined as the use of a gel pad (Action
Pad®, Action Products, Inc.) in the operating room and
a standard hospital mattress on the hospital bed. The
standard hospital materess in the critical care recovery
unit was the Hill-Rom Centra with 6-inch foam over-
lay. The standard hospital mattress in the cardiac ward
was the Hill-Rom Century with 4-inch foam overlay.
The primary efficacy variable was the occurrence of
pressure ulcers at any time within 7 days of surgery. The
secondary efficacy variables included the number, stage,
appearance, and size of ulcer(s) post-surgery.

Vethods

This was a single-center, randomized, controlled trial
of a multi-cell pulsating dynamic mattress system versus
conventional management for the prevention of pres-
sure ulcers in patients who have cardiovascular surgery.
The study was reviewed and approved by the Ethics
Committees of St. Paul’s Hospital and the University of
British Columbia in Vancouver, British Columbia,
Canada.

Patients were enrolled in the study after they signed
the informed consent form. Before surgery, patients were
randomly assigned to cither the multi-cell pulsating
dynarmic mattress system or conventuonal management.
Randomization was done blindly by using a scaled
opaque envelope that contained the randemization intor-
mation {ie, multi-cell pulsating dynamic mattress system
vs. conventional management). Patients assigned to the
multi-cell pulsating dynamic mattress system were placed
on the system in the operating room and in their hospiral
room until discharge from the hospital or tor a maxi-
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[_J A randomized, controlled clinical study was conducted to evaluate the efficacy of a pulsating dynamic mattress system in the
prevention of pressure ulcers in patients undergoing cardiovascular surgery.

(] During,and after surgery, patients in the treatment group were placed on the dynamic mattress system. Patients in the control group
were placed on a gel pad during surgery, and on a standard hospital mattress (4- or é-inch foam overlay) following surgery.

[} In the treatment group, two of 98 patients (2.2%) developed a Stage Il ulcer. In the control group, 7 of 100 patients (7%) devel-
oped 10 ulcers (2 Stage 1,5 Stage II, and 3 Stage lll). Without controlling for other risk factors, this difference was not statisti-

[] A 5% reduction in pressure ulcer incidence, while not statistically significant in this sample size. may have important clinical
implications. The results also confirm trends observed by others using different types of “non-foam™ support surfaces.
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Nonblanchable erythema of intact skin

Partial-thickness skin loss involving epidermis,
dermis, or both

Stage Il Full-thickness skin loss involving damage or
necrosis of subcutaneous tissue that may extend
down to, but not through, underlying fascia

Stage IV Full-thickness skin loss with extensive
destruction, tissue necrosis, or damage to
muscle, bone, or supporting structures

mum of 7 days post-surgery. Patients assigned to the con-
ventional management were placed on a gel pad on the
operating table and then on a standard hospital mattress
on the hospital bed undl discharge.

Patient Selection

To be eligible for inclusion in the study, patients
had to be 18 years of age or older and be scheduled
for cardiovascular surgery with general anesthesia for
at east 4 hours with an actual operative time of 3
hours or more. Patents were excluded if they had a
pressure ulcer at the baseline visit. Additionally,
patients were to be discontinued from the study if
they so requested, had an adverse event that precluded
continued treatment, or it the investigator felt it was
not in the best interest of the patient to continue in
the study.

Patients 1, 4, and 175 were randomized to the multi-
cell pulsating dynamic marttress system, However, due
to a change in the operating room schedule, each
patient was placed on conventional treatrment. For all
analyses, these patients were assigned to the convention-
al management group.

Patient 62 was randomized to the multi-cell pulsac-
ing dynamic mattress system, but the family requested
that the patient be removed from the study due to
postoperative complications not related ro the study
device. The patient had no ulcer on the day of dis-
continuation (day 3). Patient 55 was randomized to
conventional treatment, but was discontinued from
the study on day | post-surgery due to cardiac arrest.
This patient also had no ulcer on the day of discon-
tinuation, These patients were included in the efficacy
analysis.
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Measurements and Evaluation

At the baseline visit before surgery, all patients
underwent a medical evaluation including current med-
ication, smoking history, physical examination, derma-
tological examination, and skin risk assessment.
Operating room temperature, position of patient,
amount of fluid intake during surgery, medications,
episodes of hypotension, and duration of extracorporeal
circulation during surgery were recorded. Patients were
examined immediately post-surgery for pressure ulcers,
including number, stage (1 to 1V}, size (areal, locavion,
and appearance, Patients were assessed daily for ambula-
tory status and presence of pressure ulcers. A skin risk
assessment was performed on days 1, 4, and 7 and on
other days if a change in status was noted. Adverse events
and concomitant medications were recorded daily.

Pressure ulcers were defined and staged using the
National Pressure Ulcer Advisory Panel scoring system.”
The score ranges from zero (no uleer) to TV (full-thick-
ness ulcer to bone) as shown in Table 1. A modified risk
assessment scale (see Table 2) was used to evaluate pres-
sure ulcer risk.

Statistical Analysis

Baseline characteristics and safety were evaluated for all
randomized patients (ie, intent-to-treat sample). Bascline
characteristics and demographics were compared between
treatment groups using Fisher's exacr or Chi-square test
for binary variables and the two-sample unpaired #test for
continuous variables. Total pre-operative skin assessment
was compared between treatment groups using Manrel-
Haenszel test with modified ridit score. The Mantel-
Haenszel test is similar to the Chi square and tests for dit-
ferences in proportions between groups to evaluare pre-
operative skin assessment scores. The intent-to-treat sam-
ple included all patients who signed consent forms and
who were placed either on a multi-cell pulsating dvnamic
mactress system or on a conventional mattress und had ar
least 1 day of observation post-surgery. An evaluable sam-
ple of patients was defined as patients who signed consent
forms, had a surgery length of at least 3 hours, and had &
minimum of 3 days of observarion post-surgery. Two
analyses were done for efficacy. One analysis included the
intent-to-treat sample (multi-cell pulsating dynamic mar-
tress system, n = 89: conventional management, n = 96)
and the other analysis included only the evaluable patients
sample.

The primary outcome measure for assessing efficacy
was the proportion of patients who developed a pres-
sure ulcer by day 7 post-surgery and was compared
between the treatment groups using Fisher's exact rest.
All statistical tests were two-tailed and performed at the
0.05 level of significance.



|. General Health Status

0 Good — Injury limited to one area. free of major health problems.

| Fair — Major surgery, major health problems are controlled.

2 Poor — Chronic/serious health problem, predisposing disease.

3 Moribund — Prognosis poor predicted/expected, stay in the acute care >| month. Death expected within 3 months.

2. Mental Status
0 Alert — Aware of time and place, communicates properly.
| Lethargic — Responds only with stimulation (verbal, noises, etc.). Sleeps for long periods, sleeps most of the day and night.
2 Semicomatose/confused — Responds appropriately to painful stimulus only, does not cooperate in the relief of pressure.
3 Comatose — Does not respond appropriately to pain, or is receiving paralyzing drugs.

3. Activity
0 Ambulatory - Walks freely without help.
I Needs help — Needs assistance to walk/get ourt of bed, gets out of bed by standing and pivoting.
4 Chairfast — Cannot ambulate, confined to chair/wheelchair, total lift out of bed.
6 Bedfast — Cannot sit in chair, remains constantly in bed.

4. Mobility
0 Full — Can move all extremities at will,
I Limited - Cannot voluntarily move all extremities, cast on arm/leg, pain with joint movement.
4 Very limited — Moves extremities only with assistance, severe pain with joint movement, paralysis of upper/lower extremities,
turning framefrotorest bed,
6 Immobile — Never voluntarily changes position, contractures prevent movement, paralysis of all extremities.

5.Incontinence

0 None — Has control of bladder/bowels, foley/condom in place.

I Occasional — Loses bladder control at times, foley/condom intermittently in place, loses control of bowels but no diarrhea,
ostomy/fistula with drainage protection,

4 Usually — No control of bladder without foley/condom, diarrhea more than every 4 hours, ostomy/drainage with intermittent
protective drainage system.

6 Total — No control of bladder without foley/condom, diarrhea more than every 4 hours, ostomy/drainage without protective
drainage system.

6. Nutritional Intake
0 Good — Serum albumin normal (35 - 50 g/L), weight gain in the absence of edema, no obesity/underweight.
I Fair — Serum albumin between 30 - 35 g/L. no peripheral edema, overweight/underweight, constant weight.
2 Poor — Serum albumin between 25 - 30 g/L, losing weight slowly, in the absence of edema/dialysis, obese.
3 None — Serum albumin less than 25 g/L, losing weight rapidly. in the absence of edema/dialysis, increased weight with edema.

7.Fluid Intake
0 Good — Good skin turgor, skin warm and resilient, intake and output equal with no peripheral edema.
| Fair — Skin dry and flaccid, output is greater than intake.
2 Poor — Lips parched and mouth dry, cracked and flaking skin, edema to dependent areas.
3 MNone — Generalized edema of body, weeping of fluid from the skin

®

Predisposing Disease

0 Absent — Has no vascular disease, immune suppression, neuropathies, diabetes, anemias, paralysis, hypoxia, no contributing
dermal ulcer formation.

I Slight — Controlled diabetic, anemia, incipient vascular disease, incipient skin disease.

2 Moderate - Brittle diabetic, sepsis but no shock, immune suppression with no infections, Po, between 60 and 80, advanced
vascular disease as manifested by absent pulses, or poor capillary refill, frequent unhealed areas of skin.

3 Severe — Uncontrolled diabeticfanemia, Po, < 60, shock, paralysis, immune suppression with infection, well advanced vascular

disease as manifested by lack of sensation, unhealed areas of the skin, edema of the ankles and feet, necrotic toes or fingers.,
evidence of stasis ulcer,
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Pulsating Dynamic
Mattress System

n (%)
Gender Male 75 (76.5%)
Female 23 (23.5%)
Age* 652 + 10.9
< 50 years (n) (10)
50-60 (n) (20)
61-70 (n) (30)
> 70 (n) (36)
Weight (kg) 79.1 £ 160
Height (cm) 169 + 9
Vital Signs Systolic BP (mmHg) 125 + 21
Diastolic BP (mmHg) 70+ 10
Pulse (beats/min) 68 £ 13
Respiration 18+2
n (%)
Race Caucasian 93 (94.9%)
African-American —
Asian 2 (2.0%)
Hispanic —
Other 3(3.1%)
Smoking n (%)
history Smoker 17 (17.5%)
Ex-smoker 44 (45.4%)
Never smoked 36 (37.1%)

* All results are reported as mean + standard deviation

Results

A rtotal of 200 patients signed informed consent forms
and 198 patients were assigned to either the multi-cell
pulsating dynamic mattress system (n = 98) or conven-
tional management (n = 100). There were no significant
differences berween the groups with respect to gender,
age, weight, height, vital signs, race, or smoking history.
Table 3 shows demographic and baseline characteristics.

No differences existed in medical illnesses or skin
risk-assessment scores between groups. Table 4 shows
the baseline medical illnesses and skin assessment. The
duration of surgery is shown in Table 5. No differences
were observed between the treatment groups.

By day 7, two multi-cell pulsating dynamic mattress
system patients developed ulcers and seven conventional
management patients developed ulcers. The difference
in ulcer rate between the two groups was not statistical-
ly significant (P = 0.170 for the intent-to-treat popula-
tion and 7= 0.172 for the evaluable population).
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However, patient 15, who was
randomized to the multi-cell
pulsating dynamic mattress sys-
tem, spent several hours sitting
on a chair without the multi-cell
pulsating dynamic mattress sys-

Conventional tem on post-op day 4 and day 5.
Mansgensnk The patient developed a pressure
n (%) ulcer on post-op c%:ly 5. If this
gg ggg ulcer is excluded from the analy-
sis, the P value is 0.065 for the
65.2 + 10.6 intent-to-treat population and
8 - pop
((23) | 0.066 for the evaluable popula-
36 | tion. This suggests a strong trend
(36) | He g 8
(36) ! of decreased pressure ulcers in
805 + 15.0 t the muldi-cell pulsating dynamic
| martress system group. Table 6
170+ 9 | & 3
% i shows the incidence of pressure
126 + 20 | ulcers in cach group.
Zé £ :% | In the muldi-cell pulsating
lati | - dynamic mattress system group,
. each patient developed one
87?8@%‘7) . Stage Il ulcer (see Table 7). In
| (1.0%) the conventional management
2 (2.0%) group, seven patients developed
; gg% 10 ulcers. Five of these patients
i had one ulcer each, one patient
lsrzltzé.%%} h'ﬂd Wo LI]CE]’S. :ln(l one p:l[il.'l‘l[
S1 (51.5%) | had chree ulcers. Of these ulcers,
33 (33.3%) | two were Stage |, five were Stage

[1. and chree were Stage 1. The
three Stage 111 ulcers occurred
within 7 days postoperatively.

Approximately one halt of all
patients in each group reported adverse events, with no
ditterences between groups reported. All adverse events
were related to the patient’s condition; none were relat-
ed to the multi-cell pulsating dynamic mattress system
or conventional management support system.

Discussion

This prospective, randomized, controlled trial
showed that the multi-cell pulsating dynamic mattress
system decreased the incidence of pressure uleers in
patients who had cardiovascular surgery. The incidence
of pressure ulcers was decreased from 7% in the con-
ventional management group to 2% in the multi-cell
pulsating dynamic mareress system group, which is
about a 75% relauve risk reduction.

The incidence of pressure ulcers in the convention-
al management group (7%) was similar to the inci-
dence of pressure ulcers in the National Perioperative
Pressure Ulcer Prevalence Study (7%),™" suggesting



Mattress system versus
conventional manage-
ment in patients hav-

ing surgery for more
than 3 hours, many

Multi-Cell Pulsating

t g Conventional | ,f whom underwent
Dynamic Mattress System Management ', vascular surgery.?
Baseline Skin Risk Assessment Score | This study also found
Mean * standard deviation 36+ | 38+ thar the muldi-cell
Range -8 -7 pulsating dynamic
Baseline Disease History n (%) n (%) ' MaKess gystem
Previous ulcer formation 0 1 (1) | decreased the preva-
Cardiovascular disease 98 (100) 100 (100) i lence of pressure
Renal disease 8 (82} 8 (8) ‘ llICt'TS r_r(n'['l 9% to
Pulmonary disease 7(7.1) 12 (12) ' 00!
Bleeding problems of easy bruising 0 1 {1} s o~
Chronic illness affecting pressure 26 (26.5) 20 (20) - Although the differ-
ulcer formation | ence between the
Other medical problems 78 (79.6) 83 (83) - multi-cell pulsating
Allergies 27 (27.6) 28 (28)

dynamic mattress sys-
tem and the conven-

tional management
group in the present study was not quite statis-
tically significant, cach of the ulcer patients

treated with the multi-cell pulsating dynamic
mattress system had only one uleer, while
seven patients in the conventional manage-
Multi-Cell Pulsating Conventional ment group had a total of 10 ulcers. In addi-
Dynamic Mattress Management tion, one patient in the conventional manage-
System ment group had one Stage 1 ulcer and one
Duration n (%) n (%) [ pa(icnf had two Stage 111 ulcers. Furthermore,
< 3 hours 8(82) 4 (4) the difference in outcomes has clinical signifi-
3-3.99 40 (40.8) 34 (34) cance because there was an approximartely 75%
4-4.99 27 (27.6) 40 (40) reduction in relative risk of pressure ulcers.
5-6 17 (17.4) 16 (16) e ) :
> 6 6 (6.1) 6 (6) A strong point of this study is that it was a
prospective, randomized trial with blinded
Length of surgery 4.11.0 42¢% 1.1 randomization. Additionally, the two experi-
mental groups were well-matched at baseline

in terms of skin risk assessment, medical ill-
ness, age, weight, and duration of surgery, all

that our sample of patients having cardiovascular of which suggests both groups were at equal risk for

surgery is similar to the sample of patients in the
National Perioperative Pressure Ulcer Prevalence
Study. Furthermore, the type of surgery, duration of
surgery. and outcomes were representative of patients
having major cardiovascular surgery that requires car-
diopulmonary bypass. Thus, the strong trend of

developing pressure ulcers. The two experimental
groups were well-matched because the study was dou-
ble-blinded in the randomization process. Showing that
the two groups were well-matched ar baseline is impor-
tant so that differences berween the groups in outcome
can be attributed to the intervention as opposed to dit-

decreased frequency of pressure ulcers in the dynamic
mattress system group was demonstrated in a sample
of patients representative of patients having cardiovas-
cular surgery. Therefore, the results of this study are
applicable to this patient population.

A recent report was published of a prospective ran-
domized trial of the multi-cell pulsating dynamic

ferences in baseline risks tor skin ulcer, Theretore, the
difference in pressure ulcer outcomes berween groups
can be attributed to the multi-cell pulsating dynamic
mattress system. Another strength of this study is that
the patients were representative of major surgery
patients who are at risk of developing pressure ulcers,
The design of our study reflects the hypothesis
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TABLES

INCIDENCE AND STAGES OF PRESSURE ULCE
HAD CARDIOVASCULAR §

Total number of patients with ulcer(s) %
Number of patients with | ulcer
Number of patients with 2 ulcers
Number of patients with 3 ulcers
Number of patients with more than 3 ulcers

Ulcer Stages
Number of Stage | ulcers
Number of Stage Il ulcers
Number of Stage Il ulcers
Number of Stage IV ulcers

*One patient (patient 15) was on a multi-cell pulsating dynamic mattress system during surgery and post-
op for 7 days, but spent several hours sitting on a chair without a multi-cell pulsating dynamic mattress
system on post-op day 4 and day 5. The patient developed an ulcer on post-op day 5.

Multi-Cell Pulsating Conventional
Dynamic Mattress System Management
n (%) n (%)
2* (2.2) 7(7)
222 5 (5)
0 (1)
0 (1)
0 0
0 2(2)
2 (22) 5 (S)
0 3(3)
0 0

that the risk of pressure ulcer begins on the operating
room table in surgical patients. During cardiovascular
surgery, patients have a prolonged period of immobi-
lization, a change in cardiac output to nonpulsatile
flow, and possible periods of hypotension. These
events increase the risk of pressure ulcer development.
This study shows that the risk from these events can
be mitigated by placing patients on the multi-cell pul-
sating dynamic mattress system intraoperatively and
postoperatively.

Pressure ulcers are important problems for patients in
surgical intensive care units'™* and postoperative surgical
wards.""'® The role of the risks during surgery has only
recently been recognized.'*"” This study directly
addressed this issue by beginning the intervention to
reduce risk at the time of surgery. Preventing pressure
ulcers by early risk reduction strategies likely results in
cost savings by avoiding the treatment of pressure ulcers
and their complications.*

[n summary, the multi-cell pulsating dynamic mattress
system is both safe and efficacious in reducing the inci-
dence of pressure ulcers in patients undergoing major
cardiovascular surgery of 3 hours duration or more. This
system reduces the incidence of pressure ulcers by miu-
gating intraoperative and postoperative risks for pressure
ulcers. Applying the multi-cell pulsating dynamic mat-
tress system at the time of surgery suggests that early
intervention is effective and infers that the genesis of
pressure ulcers in cardiovascular surgical patients begins
at the time of surgery.

EI OstomyWound Management
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