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Abstract

The fluid immersion simulation system (FIS) has demonstrated good clinical applica-

bility. This is the first study to compare surgical flap closure outcomes of FIS with an

air-fluidised bed (AFB), considered as standard of care. The success of closure after

14 days post-op was the primary endpoint. Secondary endpoints were incidences of

complications in the first 2 weeks after surgery and the rate of acceptability of the

device. Thirty-eight subjects were in the FIS group while 42 subjects were placed in

the AFB group. Flap failure rate was similar between groups (14% vs. 12%; p = 0.84).

Complications, notably dehiscence and maceration, were significantly higher in the

FIS group (40% vs. 17%; p = 0.0296). The addition of a microclimate regulation

device (ClimateCare®) to FIS for the last 43 patients showed a significant decrease in

the rate of flap failure (71% vs. 16%; p = 0.001) and incidence of complications (33%

vs. 0%; p = 0.011). There was no statistically significant difference between the FIS

and air-fluidised bed (AFB) in the rate of acceptability (nurse acceptance: 1.49

vs. 1.72; p = 0.8; patient acceptance: 2.08 vs. 2.06; p = 0.17), which further illus-

trates the potential implementation of this tool in a patient-care setting. Our results

show that the use of ClimateCare® in combination with FIS can be a better alterna-

tive to the AFB in surgical closure of pressure ulcers.
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1 | INTRODUCTION

Pressure ulcers are localised areas of necrosis or tissue damage that

develop because of pressure over a bony prominence.1 The Agency

for Healthcare Research & Quality (AHRQ) reports that over 2.5

List of Abbreviations: AFB, air-fluidised bed; AHRQ, Agency for Healthcare Research &

Quality; FIS, fluid immersion system; NPUAP, National Pressure Ulcer Advisory Panel; PU,

pressure ulcer.
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million people develop pressure ulcers annually in the United States.2

The incidence rates vary significantly depending on the setting of clin-

ical care.2 Furthermore, risk factors for developing a pressure ulcer

are wide-ranging, including lower body weight, older age, African eth-

nicity, lack of or reduced mobilisation, nutritional deficiencies, inconti-

nence, and medical conditions affecting tissue perfusion such as

diabetes mellitus or peripheral vascular disease.3–7 Following the loss

of sensation and mobility, the structure and function of an affected

person's anatomy change considerably. These changes include muscle

atrophy, bone adaptation, and intramuscular fat infiltration, rendering

a higher probability to develop a pressure ulcer (PU).8

Progressive inflammatory response, tissue deformation and ische-

mia result in a cascading effect on the development of PUs. Tissue

interaction with weight-bearing and supporting structures cause

mechanical stress; and medical devices can further damage these at-

risk tissues. The development of the PU starts microscopically, with

‘cell deformation that compromises cytoskeleton integrity, which in

effect, facilitates the release of chemokines’.9 The release of reactive

oxygen and nitrogen interacts with the extracellular matrix, causing

further damage to the tissues. A cascade of detrimental effects is

induced by external factors, such as body weight, which are amplified

by the effects of edema causing inflammatory damage. The high inter-

stitial pressures associated with oedema hinder blood perfusion,

which consequentially causes chronic inflammation and a cascade of

tissue injury.10 Additionally, the microclimate indirectly influences PU

development in the wound area.11 Microclimate factors, namely mois-

ture, temperature, and airflow affect the ability of soft tissue deforma-

tion and its response to external stressors.11,12

PUs often results in increased hospital stay, mortality risk, and

worse overall prognosis.13–18 Surgical correction is often needed for

severe non-healing PUs (Grade III or IV). Surgical wound closure is rou-

tinely achieved by direct approximation, skin grafts or using local and

regional flaps and free tissue transfer.19Flap type selection requires con-

sideration of many factors, including aetiology, anatomy, prior attempts

at reconstruction, and the probability of regaining functionality.19–21

Several factors account for the success of a flap reconstruction including

bacterial inoculation,22,23,24 pressure decompensation25-30 and microcli-

mate. Recidivism rates are unacceptably high due to recurrence or flap

failure, with overall rates as high as 70%,31,32 whereas overall complica-

tion rates have been reported to be as high as 58.7%.14

Physical barriers protecting a chronic wound are currently

accepted as the most effective means of avoiding ulcers.20 These bar-

riers, however, must be delicate and avoid any friction with the

wound. This can be achieved using special mattresses, cushions, and

various protective devices that can alleviate external pressure on sen-

sitive body limb areas.21,33 Support surfaces are medical devices such

as beds that address the external factors that lead to the development

of PUs. These function in one or more of the following ways: reduced

air loss, pressure alterations, or air fluidised systems. The air-fluidised

bed (AFB) contains minute beads through which air is passed in order

to simulate a fluid-like surface, which aids in pressure redistribution.

Allman et al. stated that use of the AFB system results in a statistically

significant reduction in overall wound surface area compared to other

interventions.2,34 Studies with the AFB have also demonstrated sub-

stantial benefits in wound healing and pain compared to traditional

surfaces. These benefits were present even with a less stringent

repositioning regimen where patients were repositioned every 4 h,

rather than the standard of every 2 h. Therefore, AFB has become a

useful therapeutic method for reducing pressure on chronic

wounds.20

TABLE 1 Feature comparison between air-fluidised bed systems
and fluid immersion simulation

AFB FIS

Mechanism Combines air-

fluidised and low

air loss therapies

3D fluid immersion

simulation

Adjustment Manually adjusted

for pressure,

height, and head

elevation

System adjusts

automatically for

patient's weight

Risk reduction • Patient: faster

healing by

maintaining low

tissue pressures;

preventing

capillary closure.

Improves skin

perfusion and

reduces pain.

• Caregiver: Height

adjustment

available

• Patient: Highly

effective for

pressure ulcer risk

mitigation and

treatment, as well

as for postoperative

care of flaps and

grafts. Minimises

soft tissue

distortion and

promotes tissue

perfusion.

• Caregiver: Frequent

repositioning not

necessary; reducing

caregiver injury risk

Maximum weight

capacity

350 pounds

(159 kg)

500 pounds

(226.8 kg)

High-low

travel range

21.500–34.7500 700–3000

Mattress resting

surface

8400 7600 or 8000/up to 8400

Microclimate Superior Requires the use of

ClimateCare® for

adequate

management

Patient's

acceptability

Insensible loss of

skin water

content

Sense of immersion

may be

uncomfortable for

patients.

Recommended use • Burns • Flaps

• Flaps • Grafts

• Grafts • PUs

• PUs • Patients requiring

frequent

repositioning

Abbreviations: AFB, air-fluidizsed bed; FIS, fluid immersion simulation

system.
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Our current approach to treating PUs includes cleaning of the

wound, debridement, flap reconstructive repair, and support surfaces

such as AFB; but newer options such as negative pressure wound

therapy, hyperbaric oxygen therapy, cell therapy are gaining recogni-

tion as suitable therapies.20 Immersion devices present a ‘greater sur-
face for transfer of load and suit the contour of the body, thus

offering a larger cushioning potential’.8,13

The FIS simulates a fluid environment by leveraging an advanced

3D immersion technology, thereby achieving greater transfer of sur-

face pressures and preserving almost normal tissue perfusion and oxy-

genation. The system functions autonomously, with sensors

monitoring the support surface more than 100 times per second,

adjusting for subject repositioning. Comparatively, the AFB needs spe-

cific adjustments by healthcare staff. Additional evidence of FIS effec-

tiveness comes from Bhattacharya et al., conducting their study in a

‘long-term acute care hospital of 36 beds, replacing their beds from

AFB to FIS’. They obtained equivalent flap outcomes after the

intervention,20 suggesting FIS as an alternative treatment when com-

pared to AFB. A comparison of the AFB and FIS systems can be found

in Table 1.

In a mid-study paper published by our team, complication rates

and acceptability scores between the FIS and the AFB were noted.33

“Flap failure rate was similar between groups (15% vs. 17%; p = 0.99).

However, the minor complications rate, particularly dehiscence, was

higher in the FIS group (66.7% vs. 15%; p = 0.02).33 Nonetheless,

nurse and patient self-reported acceptability had better mean numeric

scores in the FIS compared with AFB (nurse: 1.5 vs. 1.9; p = 0.12;

patient: 1.9 vs. 2.2; p = 0.14).”33 Our goal for this project is to assess

the FIS compared to AFB to further elucidate the comparative poten-

tial of the FIS as a therapy tool for PUs.

2 | MATERIALS AND METHODS

2.1 | Study design

This study is a prospective, randomised, single-centre, human subject

trial comparing the Dolphin Fluid Immersion Simulation® system

(Joerns Healthcare, LLC, Charlotte, North Carolina) to a representative

AFB system, the Clinitron® Rite Hite® Air-Fluidised Therapy Bed (Hill-

Rom, Chicago, Illinois). The study complies with the rules stated in the

Declaration of Helsinki and is approved by the Northwestern IRB.

Subjects with PUs previously screened for inclusion and exclusion

criteria were randomly assigned, in a proportion of 1:1, to a study

treatment arm immediately after surgical wound closure, and the

treatment extended for 2 weeks beyond closure. Outcomes between

the two therapy groups were then compared.

2.2 | Inclusion/exclusion criteria

The screened subjects, at least 18 years or older, deemed by the

investigators to be reasonably compliant, having a PU stage III or IV,

not participating in a clinical trial within 30 days before consent, and

having a 30-day wound history available if the wound was previously

treated. Subjects who presented to Northwestern Memorial Hospital

(through clinic admission, direct transfer from another facility, or

through the emergency room), and who were admitted as an inpatient

for operative closure of stage III or IV PU were evaluated and rec-

ruited to participate in this clinical trial. Exclusion criteria

encompassed having a life expectancy of <12 months; not being

healthy enough to undergo surgery for any reason; history of radiation

therapy; unable to comply in the PI's opinion; history of >3 closures of

PUs in the same site; history of bleeding disorder; and/or severe fae-

cal incontinence.

Wound assessment was performed by the principal investigator

(PI) for appropriateness for definitive closure. Once the PI established

the viability for definitive wound closure, the wound was adequately

debrided and cleaned, and the flap closure was performed. Subjects

stayed hospitalised or were transferred to a step-down facility for at

least 14 days. Subsequently, subjects were followed monthly for

1 year to evaluate the incidence of complications and the potential

need for additional therapeutic interventions. The total follow-up

period consisted of 365 (±20) days. The total duration of participation

per subject could span up to 549 days. Subjects received assigned

study therapy (AFB or FIS) for 14 days following definitive PU closure,

reflecting current standard practice for PU management. During this

period, data regarding the success of closure and incidence of compli-

cations were recorded. Additionally, nurse and patient acceptability

were also recorded through a quantitative survey given at 7 and

14 days after definitive closure. After this initial period, subjects were

followed up at 1 month, 6 months, and 1 year to assess the wound

status (open vs. closed).

During protocol development, an adaptive design was used to

monitor the study to determine the target number of subjects

required to achieve significance at the alpha = 0.05 level. A previous

systematic review of complications following flap-based surgery for

PUs demonstrated a mean complication rate of 19.6%, with an SD of

approximately 3%, following perforator-based flaps.24 This analysis

determined that a difference in the proportion of responders of at

least 10% would be regarded as clinically meaningful. This scenario

was presented during our study; the corresponding changes were

made to maintain optimal conditions in the FIS group by using a

ClimateCare® surface. Assuming a 10% delta in proportion between

support surfaces and a ‘confirmed’ complication rate of approximately

20% with an SD of 5%, a total of 80 subjects were randomised, with

an equal allocation ratio (1:1), to the FIS arm versus AFB arm.

Data were collected either at bedside during subjects'

hospitalisation or through external facilities' staff, in addition to an

assessment of patients' electronic medical records. Subjects who con-

sented to study participation were assigned a unique screening num-

ber. Only one wound per subject was included in the study. Subjects

with multiple wounds were assessed by the PI, who selected the most

appropriate wound to include in the study. For subjects with multiple

PUs, any PUs not selected as the study wound received institutional

standard wound care treatment. After the initial surgical debridement,
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if all inclusion and no exclusion criteria continued to be met, the sub-

ject was randomised into a study group and assigned a unique ran-

domisation number. At the time of surgical closure, subjects were

again screened for inclusion and exclusion criteria.

A focused medical and surgical history, physical exam, and wound

history was recorded. This included the onset and chronicity of the

wound as well as the anatomic location, prior wound-related surgeries

and treatments. Wounds were measured consistently following

TABLE 2 Demographics and clinical
characteristics and their distribution
among the treatment groups

AFB FIS p value

Mean age 0 ±13.09 49.61 ±13.75 0.4809

n 42 52.50% 38 47.50%

Gender

Female 12 28.57% 15 39.47% 0.3092

Male 30 71.43% 23 60.53%

Race/Ethnicity

Hispanic 6 14.29% 1 2.63% 0.0668

White 20 47.62% 27 71.05% 0.0337

African American 15 35.71% 10 26.32% 0.3715

Other 1 2.38% 0 0.00% 0.3447

Tobacco use

Current 5 11.90% 4 10.81% 0.8805

Never used 21 50.00% 17 45.95% 0.7231

Past user 16 38.10% 16 43.24% 0.6469

Diabetes status

No 33 78.57% 32 86.49% 0.3643

Type 1 1 2.38% 0 0.00% 0.3512

Type 2 8 19.05% 5 13.51% 0.5142

Multiple wound

Multiple 13 30.95% 14 36.84% 0.5836

Single 29 69.05% 24 63.16%

Pre-closure measurement

Wound length (cm) 5.39 ±3.25 5.78 ±3.92 0.6315

Wound width (cm) 3.75 ±2.19 4.02 ±2.78 0.6363

Wound depth (cm) 2.78 ±1.62 2.62 ±1.82 0.6882

History of wound

Recurrent wound 35 83.33% 26 72.22% 0.2416

Non-recurrent wound 7 16.67% 10 27.78%

Previous treatment 23 54.76% 27 72.97% 0.0961

No previous treatment 19 45.24% 10 27.03%

Previous debridement 16 38.10% 23 62.16% 0.0330

No debridement 26 61.90% 14 37.84%

Previous closure 6 14.29% 7 18.42% 0.6219

No previous closure 36 85.71% 31 81.58%

Previous NPWT 5 12.20% 8 21.62% 0.2705

No previous NPWT 36 87.80% 29 78.38%

Previous AMWT 2 4.88% 2 5.41% 0.9174

No previous AMWT 39 95.12% 35 94.59%

Previous hyperbaric therapy 1 2.44% 0 0.00% 0.1833

No previous hyperbaric therapy 40 97.56% 37 100.00%

Previous biologics therapy 1 2.44% 0 0.00% 0.1833

No previous biologics therapy 40 97.56% 37 100.00%

Abbreviations: AMWT, advanced moist wound therapy; NPWT, negative pressure wound therapy.
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National Pressure Ulcer Advisory Panel (NPUAP) recommendations by

recording its length, width, and depth. After the measurement, the

wound was debrided, following which the wound was irrigated with 5 L

of normal saline and measured again. If the wound was determined to

be ready for immediate closure, the closure procedure was performed.

Closure at the time of the initial surgical debridement was considered

the initiation of the study period. Both support devices were initiated

immediately after the closure procedure. Treatment was uninterrupted

during the 2-week study period for both treatment arms, irrespective of

the length of stay in the hospital. We shared institutional instructions

and recommendations with the external facilities on discharge.

Digital photographs were taken at the pre-debridement stage and

following initial debridement. During the subject's hospital admission,

interventions other than the support surface utilised were based on

the institutional standard of care (SOC) practices.

SOC for all PU patients treated in our practice stayed consistent

over the study duration in both groups, barring the introduction of

ClimateCare on the FIS group. These include standard wound dress-

ings and topical application. The use of adjunctive therapies such as

vacuum-assisted closure/negative pressure wound therapy (NPWT)

pre- and post-operatively was determined on a case-by-case basis.

These adjunctive therapies were recorded and not statistically differ-

ent among the 2 groups. As mentioned before, only flap-based defini-

tive closure was included in the study. Operative technique remained

uniform, including suture selection and technique remained consistent

as all procedures were performed by senior author (R.D.G.) Patients

receiving hyperbaric therapy, biologic and advanced moist therapy

was similar across both groups and not SOC at our institution. None

of the study participants received other cell therapy or adjunctive

therapy in either study groups. (Table 2).

The PI determined whether additional surgical debridement was

required after the initial operating room (OR) visit. This decision is typ-

ically based on ulcer appearance and periodic post-debridement cul-

ture results. Additional wound debridement followed the same

procedures as the initial OR visit. Definitive wound closure for this

study was defined as a complete approximation of the wound edges,

coverage of the wound via tissue transfers or skin graft, or any combi-

nation of these definitive techniques that results in complete elimina-

tion of the wound bed. For this study, only tissue transfer has been

performed as a definitive closure technique. If a flap failed during the

immediate postoperative period, the subject was removed from the

study and transitioned to a standard institutional support surface.

2.3 | Study endpoints

The primary objective was to compare the effects of the FIS with AFB

in PUs undergoing operative closure by determining the status of the

wound (open or closed) after 14 days of treatment. Also, subjects

were followed for 14 days after closure for the secondary endpoint of

wound complications (moisture, maceration, drainage, dehiscence,

epidermolysis, necrosis, and demarcation). Moreover, subjects were

followed up 1 month, 6 months, and 1 year after closure to determine

their wound status as reported by medical records and self-reported

by the subjects.

Secondary endpoints also included nurses and subjects completed

an acceptability survey at 7 and 14 days. This survey consisted of

three questions for the nurse caring for each subject, assessing ease

of use, amount of training required, and time required for trouble-

shooting. The survey also contained three questions for the subject,

assessing comfort, the difficulty for mobilisation, and pain at the surgi-

cal site. Both sets of questions had a numerical representation from

1 to 5, where the best acceptability was the lowest score. These out-

comes were analysed and compared between both treatment arms.

2.4 | Randomisation protocol

Stratified randomisation was used for this study to prevent an imbal-

ance between treatment arms. Permuted blocks were used to achieve

an equal number of subjects assigned to the FIS or the AFB arms to

generate a randomisation schedule including subject numbers and

treatment assignments. Envelopes were prepared corresponding to

each row in the randomisation schedule, and each subject number

and treatment group was printed on labels. Prior to study initiation,

sealed pre-numbered randomisation envelopes were provided to the

research staff and were used to obtain a randomisation assignment.

Opening of the randomisation envelope occurred within 2–4 days

before the scheduled surgical closure of the wound, along with confir-

mation that all inclusion and no exclusion criteria were encountered.

Study staff used the randomisation number labels contained in the

envelope. The research staff noted treatment assignments and

instructed the PI only after the closing procedure. Treatment therapy

support surfaces were initiated following operative closure according

to the manufacturer's recommendations. Support surface therapy

crossover before and during the study treatment period was not per-

mitted. Concealed therapy group assignments were stored in a cabi-

net and were opened only by research coordinators between 2 and

4 days before the closing procedure for logistics purposes. Neither

the subjects nor the surgeon was aware of the treatment group until

the closing procedure was performed. After that, blinding was not

possible.

2.5 | Statistical analysis

Categorical variables were summarised by frequencies and percentages

and assessed for differences between groups using Fisher's exact test.

Analyses were conducted in GraphPad Prism version 8.0 for Windows,

GraphPad Software, La Jolla California USA, www.graphpad.com.

3 | RESULTS

A total of 83 subjects were assessed for eligibility. Among the reason

to exclude patients after screening were noncompliance with the

530 JOSHI ET AL.
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SOC, not meeting the inclusion criteria anymore, complications not

related to the wound that could compromise the healing process,

and/or the subject switching from the randomly assigned device.

After screening, 80 subjects were recruited; 12 subjects were

excluded at different points after screening, one of those subjects

before any debridement was performed, 25 subjects were treated

with a single-stage flap closure, and 54 subjects had a two-stage flap

closure. Demographic and clinical characteristics of the subjects are

summarised in Table 2.

The final sample distribution consisted of subjects followed up

for up to 2 weeks post-op. A total of 38 subjects were randomised to

the FIS; whilst 42 subjects were placed on the AFB. The senior author,

R.D.G., performed all definitive closure surgeries at the same site. The

average interval between debridement and flap closure was

8 ± 2 days. Our institutional protocol consists of discharging the sub-

jects to a long-term care facility as soon as possible to avoid unneces-

sary exposure to intra-hospital pathogens.

3.1 | Wound closure

After 2 weeks post-op, 68 subjects were reassessed for open wounds,

40 in the AFB group and 28 in the FIS group. A total of nine open

wounds were found at this point, five were present in the AFB group

and four in the FIS group, representing 12.5% and 14.28%, respec-

tively (p = 0.84) (Figure 1). After 1-month post-op, a total of 20 open

wounds, 10 were present in the AFB group and 10 in the FIS group,

representing 25% and 35.71%, respectively (p = 0.16). After 6 months

post-op, 2 subjects, one from each group, had to be withdrawn due to

being deceased by this time point. There was a total of 13 open

wounds, 10 were present in the AFB group and 3 in the FIS group,

representing 25.64% and 11.11%, respectively (p = 0.06). After

1-year post-op, two additional subjects, one from each group, were

lost to follow-up (deceased). A total of 18 open wounds, 13 were pre-

sent in the AFB group and 5 in the FIS group, representing 34.21%

and 19.23%, respectively (p = 0.09) (Figure 2).

3.2 | Complications

Complications were present in both groups at post-operative day

14 (POD 14), 13 of those complications were found in the FIS group

(40.62%) while 7 were in the AFB group (17.5%) for a total of 20 sub-

jects (p = 0.0296). The total number of complications found was

32 among those 20 subjects, with 9 patients presenting only 1 compli-

cation, 10 presenting 2, and 1 subject presenting 3 complications

(Table 3). Minor dehiscence was the commonest complication

observed in both the groups (FIS: seven subjects and AFB: two sub-

jects) (p = 0.149). Nevertheless, the most clinically significant compli-

cations found were moderate dehiscence and necrosis. The rest

represented minor wound complications as they were resolved by

themselves by POD 14 or did not require re-intervention. These

wound complications were maceration in five subjects, congestion in

four subjects, drainage in four subjects, epidermolysis in three sub-

jects, and two subjects with moist areas in the wound (Figure 3).

3.3 | ClimateCare® outcomes

It is important to highlight a defining event in the early stages of this

study. Withstanding randomisation and similar patient baseline char-

acteristics between the two treatment groups, a statistically signifi-

cant higher incidence of complications in the FIS group was observed

until subject 037. In the AFB group, we found 4 subjects while the FIS

group contained 10 subjects with complications, the most common

being minor dehiscence followed by maceration. After subject

037, the use of the ClimateCare® mattress cover was started as part

of our protocol for every subject randomised to the FIS group. From

87% 86%

13% 14%

0%

20%

40%

60%

80%

100%

AFB FIS

Wound Status at POD -14

Closed Open

F IGURE 1 Wound status at POD 14

13% 14%

25%

36%

26%

11%

34%

19%

0%

20%

40%

AFB FIS AFB FIS AFB FIS AFB FIS

POD-14 1-month Post-Op 6-month Post-Op 1-year Post-Op

Open Wound Incidence: AFB Vs. FIS

F IGURE 2 Wound status at POD
14, POD 1 month, POD 6 months, POD
1 year
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there on, only three more subjects from the FIS group presented with

complications (no maceration or dehiscence). In contrast, the AFB

group remained consistent with four subjects presenting complica-

tions before the protocol change and three after the change, with two

cases of dehiscence before and two after the protocol change. This

difference can be interpreted as a statistically significant improvement

(p = 0.001) in complications' prevention by using ClimateCare® with

the FIS system compared to FIS by itself. Similarly, the combination of

using ClimateCare® with the FIS system was equivalent to the AFB

group, with both presenting a total of five complications each. Fur-

thermore, there was an important change in wound closure incidence

before and after the application of ClimateCare®. A significant differ-

ence was found in wound status analysis between FIS and AFB group

at POD 14, where we found that before the use of the ClimateCare®,

four subjects presented an open wound versus no open wounds were

seen post-ClimateCare application (p = 0.011). However, in the AFB

group, two subjects presented an open wound before the protocol

change and three after the change.

TABLE 3 Complications between
treatment groups

Post-operative Data: AFB versus FIS

AFB FIS p value

Complications at POD-14, patients (%) 7 (18) 13 (41) 0.02

Type of complication, n (%)

Moist area 1 (10) 1 (5)

Congestion 2 (20) 2 (9)

Maceration 0 (0) 5 (23)

Minor dehiscence 2 (20) 7 (32)

Mayor dehiscence 2 (20) 1 (5)

Epidermolysis 2 (20) 1 (5)

Drainage 1 (10) 3 (14)

Skin necrosis 0 (0) 2 (9)

Number of complications, n (%)

1 complication 4 (57) 5 (54)

2 complications 3 (43) 7 (38)

>3 complications 0 (0) 1 (8)

Wound status at POD-14, n (%) 0.84

Open 5 (13) 4 (14)

Wound status at 1-month, n (%)

Open 10 (25) 10 (36)

Wound status at 6-month, n (%)

Open 10 (25) 3 (11)

Wound status at 1-year, n (%)

Open 13 (33) 5 (18)

0

2 2 2

1

2

0

1

5

7

1 1

3
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F IGURE 3 Incidence of complications
at POD 14

532 JOSHI ET AL.



ClimateCare® was added to the FIS group after subject 037, divid-

ing the sample of the FIS group into two large arms: Before and after

the use of ClimateCare®. Fourteen subjects were included before

ClimateCare and 18 subjects after it. The results showed 17 complica-

tions in 10 of the 14 subjects (71.43%) in the group before the use of

ClimateCare®, while in the group after the use of ClimateCare® there

were 5 complications in 3 of the 18 subjects (16.66%), which was sta-

tistically significant (p = 0.001) (Figure 4). At the same time, the state

of the wound was analysed at POD 14 dividing the FIS group in the

same way mentioned above, with 12 subjects before ClimateCare®

and 16 subjects after it. We found that before the use of the

ClimateCare® 4 subjects (33.33%) presented an open wound versus

no subjects after introducing ClimateCare (p = 0.011). Therefore, the

number of successful closures doubled with the use of ClimateCare®

(Figure 4).

3.4 | Nurse and patient acceptability

The acceptability scores from subjects and nurses were obtained at

the end of 1 week. A total of 63 subjects were eligible for assessment

of acceptability, (FIS: 29 subjects; AFB: 34 subjects). By 2 weeks post-

op, 57 subjects were eligible for assessment of acceptability (FIS:

25 subjects; AFB: 32 subjects). Table 4 presents the mean acceptabil-

ity scores. No statistically significant difference was observed (p = 0.8

for patient scores and p = 0.17 for nurse scores).

4 | DISCUSSION

PU treatment guidelines are generally well established; however,

when it comes to postoperative wound care on supportive surfaces,

the consensus is still inconclusive. Studies like ours directly comparing

different pressure offloading surfaces are relatively scarce. Our study

aims to specifically determine whether the FIS is a clinically viable

option for assisting the success of flaps closure. It is crucial to deter-

mine user satisfaction on behalf of the patients and the staff operating

the FIS, as it is a major factor in adopting novel systems compared to

more established technologies. The nurse and patients' acceptability

was slightly better, in the AFB group than in the FIS group. This result

suggests that patients using either of the studied surfaces will have a

similarly perceived experience during their procedure and recovery.

Moreover, the nursing staff's experience with the FIS mirrored their

experience with the AFB, which is another example of the compatibil-

ity of the FIS within a patient care setting.

Overall, the incidence of open wounds after POD 14 did not vary

significantly when comparing the FIS group in its entirety with the

AFB group, but it is important to consider there was a significant

improvement once the ClimateCare® was implemented in the FIS

group. This suggests the FIS after ClimateCare® performed better

than the AFB in preventing open wounds at POD 14. In previous

studies, AFB has shown to increase body temperature. Although body

temperature was not tested as a variable, it is possible there was asso-

ciated maceration. This correction coincided with the introduction of

ClimateCare support with FIS.

ClimateCare is a unique mattress coverlet system that provides

microclimate management. When used in conjunction with a pressure

redistribution mattress, like FIS, ClimateCare is designed to address

the root causes of tissue breakdown through the management of tem-

perature and moisture (microclimate) at the interface between the

patient and the surface. The effective moisture reduction, through

moisture vapour transfer, and temperature regulation helps augment

patient comfort whilst improving clinical outcomes. ClimateCare

operates independent of the Fluid Immersion system and is comprised

71%

17%

33%

0%
0%

20%

40%

60%

80%

Before ClimateCare® After ClimateCare®

Incidence of Open Wounds and Complications 
Before & After ClimateCare® in FIS Group 

Complications Open wounds

F IGURE 4 Incidence of Complications
and Open Wounds Before and After
ClimateCare® in FIS Group

TABLE 4 Acceptability scores

Assessment
Ease
of use

Required
training

Time
required

Overall nurse
acceptability Comfort

Difficulty
moving Pain

Overall patient
acceptability

FIS 1.31 1.62 1.54 1.49 2.33 2.25 1.67 2.08

AFB 1.45 1.96 1.75 1.72 2.34 2.16 1.68 2.06

Abbreviations: AFB, air-fluidised bed; FIS, fluid immersion simulation system.
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of a single patient use coverlet that is easy to use and instal.

ClimateCare is FDA approved under an 510(k) exemption.

Our long-term follow-up indicated there were some variations

between the groups but we could not find significant differences

regarding the wound status after 1 month, 6 months, and 1 year. This

suggests similar long-term clinical outcomes.

Despite these results, the primary outcomes, which determine

the clinical significance of the FIS over the AFB, are: 1) the effective-

ness to keep the wound closed after the intervention and 2) the rate

and severity of complications. A proposed reason for the higher minor

dehiscence and maceration rates observed on the FIS could be impli-

cated to the contrasting functioning of these two surfaces. The AFB

pushes air through the beads inside the device to then exit the mat-

tress, and by doing so, it actively manages the microclimate. In con-

trast, the FIS lacks microclimate regulation and hence, adequate

microclimate management seems to be a defining factor for it to be

clinically effective. With ClimateCare introduced, significant differ-

ences in complications were no longer found between both

treatment arms.

While simulation models have been used to study intervention

mechanics on PU treatment, there have not been any clinical trials to

study the difference in effectiveness among interventions, which

inhibits advancement of understanding of the disease at a patient

level. This is an important step in overcoming the limitation of the

finite element modelling used to simulate internal and external condi-

tioning factors in PU's development. Furthermore, studies of this

nature illustrate not only the use of a novel system but also demon-

strate the potential for its implementation by evaluating patient and

provider acceptability of the intervention. Future studies may be

focused on other benefits of the FIS like energy consumption of the

device or its relative less noise pollution compared to traditional

devices.

5 | LIMITATIONS

Despite the well-matched subjects in both groups, an even greater

sample is advisable for future studies because the number of subjects

presenting complications during our study was generally small. Since

ClimateCare was introduced halfway through the study for the FIS

group, subjects prior to that may be considered non-homogenous and

different. There might be other confounding factors, which may affect

patient and nurse satisfaction beyond the ones stated in our instru-

ment, that is, noise coming from the device. Lack of blinding among

nurses and patients may introduce bias, which is unavoidable, consid-

ering the present study design.

6 | CONCLUSION

The comparison between the FIS and AFB system suggests a similar

performance as an intervention for post-op care of PU, specifically to

successfully keep wounds close after surgical intervention. Regarding

complications presented during the first 14 days post-op, FIS pres-

ented a statistically significant higher rate of complications overall

during our study. Patients and nurses perceived a similar experience

during their procedure and recovery. If the ClimateCare® is used for

moisture management, the FIS shows the same number of complica-

tions as the AFB, both clinically and non-clinically significant, as well

as a smaller number of open wounds. Our results show that the use of

ClimateCare® in combination with FIS could present as a better alter-

native to the AFB.
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