
OR I G I N A L A R T I C L E

A prospective, randomised controlled trial evaluating the
effectiveness of the fluid immersion simulation system vs an
air-fluidised bed system in the acute postoperative management
of pressure ulcers: A midpoint study analysis

Rafael A. Mendoza1 | Gabriella A. Lorusso1 | Daniela A. Ferrer1 |
Irene B. Helenowski2 | Jing Liu1 | Rachna H. Soriano3 | Robert D. Galiano1

1Division of Plastic and Reconstructive
Surgery, Department of Surgery, Feinberg
School of Medicine, Northwestern
University, Chicago, Illinois
2Department of Surgery, Feinberg School of
Medicine, Northwestern University,
Chicago, Illinois
3Division of Physical and Rehabilitation
Medicine, Feinberg School of Medicine,
Northwestern University, Chicago, Illinois

Correspondence
Robert D. Galiano, MD, FACS, Division of
Plastic Surgery, Feinberg School of
Medicine, Northwestern University,
675 N. St. Clair, Suite 19-250, Chicago, IL
60611.
Email: rgaliano@nm.org

Funding information
Joerns Healthcare, LLC

The use of pressure-offloading support surfaces is considered the standard of care

for pressure ulcers (PUs) by most surgeons. The fluid immersion simulation system

(FIS) has shown significant results in previous studies. We compared it, for the first

time, with a representative air-fluidised bed (AFB) for outcomes related to post-

surgical flap closures. This trial was performed over 25 months, in which 40 sub-

jects between 18 and 85 years of age with ≤2 PUs and history of <3 surgical clo-

sures underwent reconstruction by one surgeon. Subjects were randomly assigned

to either treatment group for 2 weeks after closure. The primary endpoint was suc-

cess of closure after the study period. Secondary endpoints included incidence of

complications and nursing and patient acceptability of the device. The FIS group

included 19 subjects, and the AFB group included 21. Flap failure rate was similar

between groups (15% vs 17%; P = .99). The Minor complications rate, particularly

dehiscence, was higher in the FIS group (66.7% vs 15%; P = .02). Nurse and

patient self-reported acceptability had better mean numeric scores in the FIS com-

pared with AFB (nurse: 1.5 vs 1.9; P = .12; patient: 1.9 vs 2.2; P = .14). Further

analysis will be conducted to gain better insight on the FIS as an alternative treat-

ment for PUs.
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1 | INTRODUCTION

The National Pressure Ulcer Advisory Panel (NPUAP)
defines pressure ulcers (PUs) as “localized injury to the skin
and/or underlying tissue usually over a bony prominence, as
a result of pressure or pressure in combination with shear.”1

Incidence rates vary significantly by clinical care setting,
reported to be up to 38%.2 In the US acute care facilities

alone, an estimated 2.5 million PUs are treated yearly.3 The
risk factors associated with PU development are broad,
including older age, African descent, lower body weight,
physical or cognitive impairment, malnutrition, inconti-
nence, and specific medical comorbidities that affect circula-
tion such as diabetes or peripheral vascular disease.4–8

Tissue changes related to spinal cord injury, such as muscu-
lar atrophy, intramuscular fat infiltration, and bone
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adaptation, also play a key role in the internal tissue mechan-
ics, making a patient more vulnerable to PUs.9

PUs are the result of the sequential and gradual damage
associated with direct deformation, inflammatory response,
and ischaemia. Interactions between weight-bearing tissues
and support surfaces or tissues that are continuously dis-
torted by medical devices determine the loading state of tis-
sues and cells. These are affected by intrinsic factors such as
tissue composition, stiffness, and internal anatomy, as well
as extrinsic factors of the specific support surface. Injury
thresholds for the damage build-up are variable and dynamic
in nature. PU development begins at the microscopic level,
with cell deformation that damages the integrity of the cyto-
skeleton, which in turn will promote the release of
chemokines. Meanwhile, reactive oxygen and nitrogen spe-
cies are released to degrade the extracellular matrix,
resulting in more tissue damage. The combination of defor-
mation caused by bodyweight or other external forces, with
the intensifying effects of oedema that impact the onset and
progression of inflammatory damage, and the associated
high interstitial pressure obstruct the vasculature and impair
blood perfusion at the damage site, resulting in chronic
inflammation and a continuous vicious cycle of more tissue
damage.10

In addition, microclimate on the wound area has been
described as an indirect risk factor for PU development.
Microclimate affects skin humidity, temperature, and air-
flow, which in turn affect the degree of soft tissue deforma-
tion and responses to extrinsic factors.11,12 PUs are often
associated with worse overall prognosis, prolonged
hospitalisations, and greater mortality risk.13–17

For types III and IV PU, surgical intervention, such as
flap reconstruction, should be considered. Selection of flap
type warrants consideration of several variables, including
aetiology, anatomy, previous reconstruction attempts, and
likelihood to regain functionality; therefore, it is a decision
based on the surgeon's experience and the subject's
characteristics.18–20 Predictors of the ultimate success of flap
reconstruction are also related to the risk factors associated
with the development of PUs, including bacterial
inoculation,21,22 ulcer location,16,23 postoperative pressure
relief,24–28 and microclimate.11 Recidivism rates because of
recurrence or flap failure are currently unacceptably high,
with overall rates as high as 70%,29,30 while overall compli-
cation rates have been reported to be up to 58.7%.17

Support surfaces represent an intervention that addresses
the extrinsic factors that contribute to the rise of PUs. Exam-
ples of these include low air loss, alternating pressure, or air
fluidised systems. The air-fluidised bed (AFB) is composed
of small beads with air forced through to create a fluid-like
surface that redistributes pressure. According to a review by
Allman et al,31 there is a statistically significant decrease in

total wound surface when comparing the AFB system with
alternatives. Findings from one of these trials also demon-
strated significant benefits regarding wound healing and pain
compared with conventional surfaces, even with a
repositioning regimen of every 4 hours rather than every
2 hours in the conventional surface group. These are the same
rationales used for the postoperative care of flap closure.

Despite not having solid evidence of superiority among
support surfaces, those devices that allow immersion offer a
greater surface for load transfer and fit to the body contour,
therefore offering a great cushioning potential.9,32 The fluid
immersion simulation system (FIS) represents a novel technol-
ogy that leverages an advanced 3D immersion simulation of a
fluid environment, thus achieving a greater load transfer to the
surface and maintaining near-normal blood flow and optimi-
sing tissue oxygenation. The system is fully autonomous, with
monitoring of the support surface of over 100 times per sec-
ond, facilitating constant adjustments based on subject
repositioning in contrast to the AFB, which requires various
adjustments by health care staff. A recent study demonstrated
statistically significant improvements in tissue blood flow
compared with standard bed and gurney systems, with 87%
retention of perfusion on the FIS mattress vs 16% on standard
mattresses.33 Moreover, a 36-bed long-term acute care hospital
replaced a 6-week post-myocutaneous flap protocol with an
AFB system with a 6-week protocol using the FIS-based pro-
tocol. After intervention, subjects achieved equivalent flap out-
comes.34 A comparison between AFB system and FIS system
can be found in Table 1.

In this study, we performed the first randomised, pro-
spective analysis of the outcomes in the acute postoperative
period after flap reconstruction of a PU. We compared

Key Messages
• surgical wound closure is one of the last alterna-

tives for the treatment of pressure ulcers (PUs);
for this reason, it has to be carefully observed

• the fluid immersion simulation (FIS) system is a
potential alternative in the postoperative care of
patients who have undergone surgical flap clo-
sure of PUs

• this is the first study comparing two different
support surfaces in the acute postoperative period

• this midpoint study analysis was performed
because of the frequency of flap dehiscence in
the FIS group

• despite randomisation, patients in the FIS system
group were in worse general conditions than the
air-fluidised bed group

990 MENDOZA ET AL.



complication rates and acceptability by both the subject and
the provider between this novel alternative and what many
providers consider standard of care.

2 | METHODS

The present study was a prospective, randomised, single-
centre, parallel-group, human subject trial with a 1:1 alloca-
tion ratio comparing the FIS (Joerns Healthcare, LLC, Char-
lotte, North Carolina) with a representative AFB (Hill-Rom,
Chicago, Illinois). Subjects received assigned study therapy
for 14 days following definitive PU closure, reflecting cur-
rent standard practice for PU management. During this
period, data regarding the success of closure and incidence
of complications were recorded. In addition, nurse and
patient acceptability was also recorded through a quantita-
tive survey given at 7 and 14 days after definitive closure
(Figure 1).

Determination of a wound's appropriateness for definitive
closure is often clinically subjective. Readiness for closure
was established when the Principal Investigator
(PI) perceived the wound to be adequately debrided and
cleaned and determined that a definitive procedure could be
performed. Subjects stayed hospitalised or were transferred

to a step-down facility for at least 14 days following their
definitive surgical procedure according to their individual
requirements. Subsequently, subjects were followed monthly
for 1 year to evaluate the incidence of complications and the
potential need for additional therapeutic interventions. The
follow-up period consisted of 365 (±20) days. Total duration
of participation per subject could span up to 549 days. This
is an ongoing study, and the present discussion is based on a
midpoint analysis motivated by the observation of minor
complications in both groups as detailed here.

Subjects who presented to Northwestern Memorial Hos-
pital and were admitted as an inpatient for operative man-
agement of a stage III or IV PU were evaluated and
approached to participate in the study.

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 follow-
ing flap-based surgery for PUs demonstrated a mean compli-
cation rate of 19.6%, with a SD of approximately 3%
following the usage of perforator-based flaps.24 This analy-
sis determined that a difference in proportion of responders
of at least 10% would be regarded as clinically meaningful.
Assuming a 10% delta in proportion between support sur-
faces and a “confirmed” complication rate of approximately

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

FIS AFB

Mechanism Simulates immersion of the patient in a
fluid medium

Combines air-fluidised and low air loss
therapies

Adjustment Automatically adjusts to each patient's
weight, surface, and repositioning

Manual adjustment of pressure, height,
and head elevation

Risk reduction • Patient: reduces soft tissue distortion and
promotes blood flow, creating a platform
that is highly effective for the prevention
and healing of pressure ulcers through Stage
IV, as well as treating patients with
postoperative flaps and grafts

• Caregiver: easier, safer patient repositioning
that reduces caregiver injury risk

• Patient: allows patient to heal faster:
pressures well below capillary closing
improve blood flow to the skin, reducing
pain and accelerating healing

• Caregiver: Hi/Lo adjustment provides a
safer working height for caregivers

Patient weight limit 500 pounds (226.8 kg) 350 pounds (159 kg)

Travel range 700 to 3000 21.500 to 34.7500

Standard sleep surfaces 7600 or 8000/up to 8400 8400

Microclimate No interference. Requires additional
component for management

Superior microclimate management

Patient's acceptability Patients may find the immersion
simulation uncomfortable.

May cause insensible water loss. In
neuropathic patients, it may cause
uncomfortable warmth.

Recommended use • Flaps
• Grafts
• PUs
• Patients requiring turning and repositioning;

or these should be avoided.

• Burns
• Flaps
• Grafts
• PUs

Abbreviations: AFB, air-fluidised bed; FIS, fluid immersion simulation; PUs, pressure ulcers .
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20% with a SD of 5%, a sample size of 98 per group was
needed to achieve a statistical power of 80% at the signifi-
cance level of 0.05 (two-sided). Therefore, a total of 200 sub-
jects randomised, with an equal allocation ratio (1:1), to the
FIS arm vs AFB arm were needed for the present study. This
analysis was independently corroborated by our co-author
and statistician of the department, Irene B. Helenowski, who
obtained similar results.

Inclusion criteria comprised admission as an inpatient,
≥18 and ≤85 years of age at time of consent, able to provide
informed consent, deemed by the investigators to be reason-
ably compliant, having a PU meeting criteria for stage III or
IV, not participating in a clinical trial within 30 days prior to
consent, and having a 30-day wound history available if the
wound was previously treated.

Exclusion criteria encompassed life expectancy of
<12 months, not being healthy enough to undergo surgery
for any reason, history of radiation therapy, being of the
opinion of the PI, non-compliant, history of >3 closures of
PUs in the same site, history of a bleeding disorder, and/or
severe faecal incontinence.

Those who met eligibility criteria had the study explained
to them by the PI. Informed consent was obtained from all
subjects prior to undergoing study procedures. Data were

collected either at bedside during subjects' hospitalisation or
through external facilities' staff, in addition to electronic
medical records.

Subjects who consented to study participation were
assigned a unique screening number. 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 were
not followed but otherwise received institutional standard
wound care at the direction of the treating clinician. At the
conclusion of the initial surgical debridement, if all inclusion
and no exclusion criteria continued to be met, the subject
was randomised into a study group and assigned a unique
randomization number; otherwise, they were documented as
a screen failure. The reason for exclusion was noted on the
screening log.

At the time of surgical closure, if all inclusion and exclu-
sion criteria continued to be met, the randomisation number
became a unique Subject ID number; otherwise, they were
documented as a randomisation failure. The reason for
exclusion was noted on the randomisation log.

A focused medical and surgical history, physical exam,
and wound history were obtained and recorded. This included

Nurse acceptability will be evaluated using the following scale:

Ease of Use 1 = No difficulty
2 = Minimal difficulty 
3 = Moderate difficulty 
4 = High difficulty
5 = Extreme difficulty

Amount of Training Required 1 = No training
2 = Minimal training 
3 = Some training
4 = High amount of training
5 = Very high amount of training

Time Required for Troubleshooting or 
Otherwise Occupied by Device

1 = No time
2 = < 5 minutes a day
3 = 5 to 10 minutes a day
4 = 10 to 30 minutes a day 
5 = > 30 minutes a day

Patient acceptability will be evaluated using the following scale:

Comfort 1 = Very comfortable 
2 = Comfortable
3 = Neither comfortable or uncomfortable 
4 = Uncomfortable
5 = Very uncomfortable

Difficulty with Mobilization 1 = No difficulty
2 = Minimal difficulty
3 = Moderate difficulty 
4 = High difficulty
5 = Extreme difficulty

Pain at Surgical Site 1 = No pain
2 = Minimal pain 
3 = Moderate Pain 
4 = High pain
5 = Extreme pain

FIGURE 1 Nurse and patient
acceptability survey form
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onset and chronicity of the wound and anatomic location, as
well as prior wound-related surgeries and treatments.

Wounds were measured consistently following NPUAP
recommendations by length, width, and depth using a ruler.
Wound length was measured along the surface of the body
in the longest dimension of the wound. Width was deter-
mined from the widest point of the wound that is perpendic-
ular to the length in the same plane of measurement. Depth
was measured from the surface of the skin to the deepest part
of the wound bed perpendicular to the plane of measurement
for the length and width. After measurement, the wound was
debrided. At the conclusion of the debridement, 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 could be performed. Closure
at the time of the initial surgical debridement was considered
the initiation of the study period.

Digital photographs of the wound 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 institutional standard
of care practices. These included wound dressings, topical
applications, and the use of adjunctive therapies such as
vacuum-assisted closure.

The PI determined if additional surgical debridement was
required after the initial operating room (OR) visit. This
decision is typically based on ulcer appearance and periodic
post-debridement culture results. Additional wound debride-
ment followed the same procedures as the initial OR visit.

Definitive wound closure for this study was defined as
complete approximation of the wound edges, coverage of
the wound via tissue transfer or skin graft, or any combina-
tion of these definitive techniques that results in complete
elimination of the wound bed. For this study, only tissue
transfer has been performed as a definitive closure tech-
nique. Debridement was performed as necessary prior to sur-
gical closure along with the respective digital photographs
and measurements. If a flap failed during the immediate
postoperative period, the subject was removed from the
study and transitioned to a standard institutional support
surface.

The primary objective was to compare the effects of the
FIS with AFB in PUs undergoing operative closure by deter-
mining the status of the wound (open or closed) after 2 weeks
of treatment. In addition, subjects were followed for 14 days
after closure for the secondary endpoint of wound complica-
tions (moist, maceration, drainage, dehiscence, epidermolysis,
necrosis, and demarcation) as reported by the medical records.

Nurses and subjects completed an acceptability survey at
7 and 14 days, establishing the end of the study period, at
which time the final assessment was also performed. 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 troubleshooting, and three
questions for the subject, assessing comfort, difficulty for
mobilisation, and pain at surgical site. Either set of questions
had a numerical representation from 1 to 5, where the best
acceptability was the lowest (Figure 1). These outcomes
were analysed and compared between both treatment arms.

At the end of the initial debridement procedure, subjects
who continued to meet all inclusion and met no exclusion
criteria were randomised in a 1:1 ratio to be treated with
either the FIS or the AFB system. A stratified randomisation
was used for this study to prevent imbalance between treat-
ment arms. Permuted blocks were used to achieve equal
number of subjects assigned to the FIS or the AFB to gener-
ate 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. Open-
ing of the randomisation envelope occurred within 2 to
4 days before the scheduled surgical closure of the wound,
along with confirmation 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 prior to and during the
study treatment period was not permitted.

Concealed therapy group assignments were stored in a
cabinet and were opened only by research coordinators
between 2 to 4 days before closing procedure for logistics
purposes. Neither the subjects nor the surgeon were aware of
the treatment group until the closing procedure was per-
formed. After that, blinding was not possible.

Categorical variables were summarised by frequencies
and percentages and assessed for differences between groups
using Fisher's exact test. Continuous variables were
summarised by means and SEs and assessed for differences
between groups using the Wilcoxon rank-sum test. Analyses
were conducted in SAS v9.4 (SAS Institute, Cary, North
Carolina).

3 | RESULTS

From January 2016 to January 2018, 57 subjects were
assessed for eligibility. Figure 2 shows the patients excluded
and the reasons for their exclusion. After screening,
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40 subjects were recruited; 1 subject was excluded after
debridement, 2 subjects underwent a single-stage flap clo-
sure, and 37 underwent a two-stage flap closure. Study treat-
ment started after the closure procedure except for two
subjects. Both these subjects were removed from the study.
Figure 2 shows in detail the transition of the subjects
throughout the study period. The final sample included

12 subjects in the FIS group and 13 subjects in the AFB
group.

One surgeon, the PI, performed the debridement and clo-
sure procedures at the same site. Ultimately, 17 subjects
completed the study period in our institution (FIS: 10 sub-
jects; AFB: 7 subjects), and 8 subjects completed the study
in an external facility (FIS: 2 subjects; AFB: 6 subjects).

ENROLLMENT Assessed for eligibility (n=57)

Randomized (n=40)

Excluded(n=17)

- Not meeting inclusion 

criteria (n=8)

- Declined to 

participate(n=2)

- Other reasons (n=7) 

Allocation

Allocated to FIS Group (n=   

19)

• Received allocated 

intervention (n=17)

• Did not receive 

allocated intervention 

(n=2)

Allocated to AFB Group  

(n=21)

• Received allocated 

intervention (n=21)

• Did not receive 

allocated intervention 

(n=0)

Follow-up 1 wk PO

Sample n=17

- Lost to follow up (n=0)

- Discontinue intervention 

(n=3)

Sample n=21

- Lost to follow up (n=7)

- Discontinue intervention 

(n=0)

Analysis

Analysed (n= 12)

Excluded from analysis 

(n=7)

Analysed (n=13)

Excluded from analysis 

(n=8)

Follow-up 2 wk PO

Sample n=14

- Lost to follow up (n=1)

- Discontinue intervention 

(n=2)

Sample n=14 

- Lost to follow up (n=2 )

- Discontinue intervention 

(n=0)

- Returned to follow up 

(n=1)

Discharge visit

Sample n=11 

- Lost to follow up (n=0) 

- Discontinue intervention 

(n=0)

- Returned to follow up 

(n=1)

Sample n=13

- Lost to follow up (n=1)

- Discontinue intervention 

(n=0)

FIGURE 2 Participant flowchart. AFB, air-
fluidised bed; FIS, fluid immersion simulation; PO,
postoperative
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There was no delay in randomisation; all subjects were
randomised after the initial visit. The average interim time
between the first intervention and closure was 8.1 days ±
5.13 (P = .52). Both support devices were started immedi-
ately after the closure procedure, except for the two subjects
mentioned before. Treatment was uninterrupted during the
2-week study period for both treatment arms, despite the
length of stay as inpatients in our service. We shared institu-
tional instructions and recommendations with the external
facilities where subjects were discharged (Table 2).

Clinical and epidemiological characteristics of the sub-
jects and their distribution between therapy groups are
summarised in Table 3.

Only 15 subjects from the FIS group and 20 subjects
from the AFB group were considered for the complication
analysis. In the FIS group, four subjects exited the study:
one before closure, one after closure and two within the first
24 hours after closure. In the AFB group, two subjects were
lost to follow up, but a complication was recorded in one of
them before the loss. Complications were present in both
groups, but they were significantly higher in the FIS group,
accounting for 10 of 15 subjects (66.7%), while in the AFB
group, they were present in 3 of 20 subjects (15%)
(P = .004) (Figure 3).

Dehiscence was the most common complication, present
in eight subjects from the FIS group and not present in the

TABLE 2 Instructions for postoperative care for patients who
underwent flap reconstruction (POD 1 - POD 15)

1. First 2 wk: Patient will be required to lay flat at all times. Patient may sit
with the head of bed to 30�, 3 times a day, for 30 min to eat meals. No
sheets or chux under the flap site—patient will need to lay directly on
the bed. Patient may put a chux under his legs from the knees down as
to avoid the air from the bed stimulating his/her nerve pain

2. POD 14-15 Patient will come off of the bed and can be on a regular
hospital bed. Patient will be required to lay flat at all times. Patient may
sit with the head of the bed to 90�, 3 times a day, for 30 min to eat
meals

3. POD 15: Anticipate discharge to Rehab Facility

Abbreviation: POD, postoperative day.

TABLE 3 Clinical baseline distribution between FIS and AFB
groups

FIS AFB P-value

Mean age 47.31
± 12.26

46.14
± 11.40

0.81

n 19 48% 21 53%

CI 95% 5.51 4.88

Gender 0.54

Male 12 63% 11 52%

Female 7 37% 10 48%

Race/ethnicity 0.76

Non-Hispanic White 12 63% 11 52%

African American 6 32 6 29%

Hispanic 1 5% 3 14%

Other 0 0% 1 5%

Tobacco use 0.26

Current 4 21% 3 14%

Past 9 47% 6 29%

Never 6 32% 12 57%

Diabetes status 0.99

No 16 84% 16 76%

Type 1 0 0% 1 5%

TABLE 3 (Continued)

FIS AFB P-value

Type 2 3 16% 4 19%

Wound location 0.66

Sacrum 8 42% 9 43%

Ischium 8 42% 10 48%

Trochanteric 3 16% 1 5%

Other 0 0% 1 5%

Number of wounds 0.99

Multiple 7 37% 8 38%

Single 12 63% 13 62%

Pre-closure measurements

Length 10.92
± 4.51

9.05
± 2.88

0.12

Width 8.33
± 3.61

6.19
± 2.17

0.08

Depth 4.03
± 1.20

4.15
± 1.90

0.56

History of wound

Recurrent 4 21% 4 19% 0.99

Non-recurrent 15 79% 17 81%

No previous Tx 12 67% 11 58% 0.74

Previous Tx 6 33% 8 42%

NPWT 3 60% 4 67% 0.45

AMWT 2 40% 0 0%

Hyperbaric 0 0% 1 17%

Biologics 0 0% 1 17%

Previous debrid. 12 67% 9 45% 0.21

No debrid. 6 33% 11 55%

Prior closure 2 11% 5 25% 0.41

No closure 17 89% 15 75%

Abbreviations: AFB, air-fluidised bed; AMWT, advanced moist wound therapy;
CI, confidence interval; FIS, fluid immersion simulation; NPWT, negative
pressure wound therapy.
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AFB group. However, when further analysing those subjects,
we found that two of them (13%) were clinically significant:
one of them required a re-intervention, and the other was dis-
continued from the study and placed in prone position
because of his large wounds (24 cm x 15 cm x 5 cm) dou-
bling the mean length in our sample. The other six (40%) sub-
jects' dehiscence represented a minor wound problem as they
self-resolved by postoperative day (POD) 14 in four of the
subjects, by the first monthly follow up in one subject, and by
the third monthly follow-up in another subject (Table 4).

Other wound complications were maceration, present in
four subjects (27%; P = .03) in the FIS group, and drainage,
present in three subjects (20%) in the FIS and one (5%) in

the AFB groups (P = .29). As expected, some subjects pres-
ented more than one complication. Our analysis at this point
could not identify a correlation between risk factors and
complications development).

The data from the acceptability survey on the first week
was obtained from all of the eligible subjects and their
nurses. The mean combined scores are presented in Table 5,
where we can appreciate a slightly better acceptability
(lower score) of the subjects in the FIS group, but this differ-
ence was not statistically significant (patient acceptability
P = .14, nurse acceptability P = .12).

At the end of the study period, 25 subjects were eligible
for assessment, 12 from the FIS group and 13 from the AFB
group (Figure 4). At this point, 2 subjects per group, rep-
resenting 15% and 17%, respectively, presented an open
wound, while 10 (85%) and 11 (83%) subjects in each group
presented a closed wound (P = .99).

maceration
major

dehiscence

minor

dehiscence
epidermolysis drainage congestion demarcation skin necrosis moist

FIS 27% 13% 40% 7% 20% 7% 7% 7% 0%

AFB 0% 0% 0% 5% 5% 0% 0% 0% 5%

27%

13%

40%

7%

20%

7% 7% 7%

0%0% 0% 0%

5% 5%

0% 0% 0%

5%

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

FIS AFB

FIGURE 3 Complication rate distribution between treatment groups. AFB, air-fluidised bed; FIS, fluid immersion simulation

TABLE 4 Outcomes of subjects presenting dehiscence as a
complication

Wound status at
POD14

Number of
subjects Outcome

Open 2 1 self-resolved (3 mo)

1 required re-intervention

Closed 4 2 stayed closed

1 reopen (1 mo)
self-resolved(2 mo)

1 LTFU

Study exit 2 1 self-resolved

1 open until 2 mo, LTFU

Abbreviations: LTFU, lost to follow up; POD, postoperative day.
2 2

10 11

0%

20%

40%

60%

80%

100%

FIS AFB
TREATMENT GROUP

Closed Open

FIGURE 4 Wound status at POD14
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The analysis of the two subjects in the FIS group who
had open wounds by POD 14 was already mentioned in the
complications section. Regarding the two subjects in the
AFB group with open wounds, it is worth noting that one of
them was not compliant with the care of the wound and was
therefore excluded from the study, and the other one was lost
to follow up before completing the study period.

4 | DISCUSSION

Assessment of underlying conditions predisposing to PU, as
well as the presence of urostomy and/or colostomy, was not
the focus of this study, and therefore, no stratification for
those factors was made. In addition, our institutional proto-
col is to discharge patients as early as possible, among other
reasons, to avoid further exposure to pathogens. Only those
who required to be hospitalised for complications related or
unrelated to the intervention spent most or all of their post-
operative period in our institution. Subjects being transferred
to external facilities presented a challenge for the investiga-
tors that, in some cases, was not possible to overcome,
resulting in loss to follow up.

There is general agreement on the standards of care with
respect to the types of treatment used; nevertheless, evidence
regarding superiority among support surfaces is still incon-
clusive and comparing postoperative care still sparse.32,35

The inclusion of new technologies, both in the fabrication
and the assessment of support surfaces, appears to contribute
significantly to the biomechanics understanding and the
application of this knowledge into developing these surfaces.
Finite element modelling, although limited, has been useful
for analysing multiple combinations of intrinsic and extrinsic
factors that play a role in the development of PUs. There-
fore, it could be helpful in the future to analyse and compare
the FIS system with other support surfaces in terms of pre-
vention and postoperative care.

Previous studies have not compared the FIS system with
other standard-of-care support surfaces in terms of the suc-
cess of operative closure and flap complications. The present
study examines the potential benefits of the FIS compared
with an AFB in order to offer a novel, suitable, and cost-
effective technology to prevent and manage PUs. We
decided to perform a midpoint analysis of this study because

of the presence of dehiscence in more subjects from the FIS
group than from the AFB group to assess the possible bene-
fits and disadvantages of the FIS system.

Despite the randomisation and similar clinical baseline
data between treatment groups, we found a difference in the
length of stay for all subjects participating in the study,
which was statistically significant (FIS: 18.28 days ± 7.17
vs AFB: 10.05 days ± 5.38; P = .0003). This difference
decreased but was still significant when we considered only
the subjects who finished the study period (FIS: 16.17 days
± 4.11 vs AFB: 12.14 days ± 5.35; P = .04). This difference
can be interpreted as patients who were randomly assigned
to the FIS group being in worse general conditions than
those in the AFB group.

Although our primary endpoint showed equivalence
between both treatment groups, it is important to note that,
during the 2-week postoperative period, in the FIS group,
five patients were discontinued from the study because of
associated complications, mainly dehiscence, deeming it
necessary to stop the treatment. Standard of care was deliv-
ered to these patients; therefore, the status of the wound at
the end of the study period for these patients was not evalu-
ated. This was different for the AFB group, where, despite
the presence of minor complications, it was not necessary
for them to the exit the study.

However, eight patients using AFB were lost to follow
up, and the status of the wound at the end of the study period
could not be assessed. Measures to decrease the number of
losses have been taken, including calendar reminders for
each patient, more than one contact number, detailed infor-
mation from the external facilities, and making staff in these
facilities aware of the ongoing investigation.

The level of acceptability by nurses and patients was
slightly better, albeit insignificantly different, in the FIS
group than in the AFB group. Despite this resemblance, the
primary outcome should be taken into consideration when
trying to determine non-inferiority of the FIS over the AFB.

One of our hypotheses behind the higher frequency of
minor complications, particularly dehiscence, in the FIS
group is the mechanism of action. The AFB forces air
through the beads inside, which also exits the mattress and
achieves contact with the patient, thus actively affecting
microclimate management, while the FIS has no active role
on the microclimate. Complications like maceration and

TABLE 5 Nurse and patient acceptability

Assessment
Ease
of use

Required
training

Time
required

Overall nurse
acceptability Comfort

Difficulty
moving Pain

Overall patient
acceptability

FIS 1.3 (0.1) 1.8 (0.2) 1.6 (0.2) 1.6 (0.1) 2.0 (0.2) 2.2 (0.3) 1.5 (0.1) 1.9 (0.2)

AFB 1.5 (0.2) 2.3 (0.2) 2.0 (0.2) 1.9 (0.2) 2.2 (0.2) 2.3 (0.2) 1.9 (0.2) 2.2 (0.1)

Note: Mean scores obtained from acceptability survey. Standard error in parenthesis.
Abbreviations: AFB, air-fluidised bed; FIS, fluid immersion simulation.
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perhaps dehiscence could be related to this difference in
mechanisms. Therefore, interventions towards avoiding
extreme changes in the subjects' microclimate should be
addressed.

In conclusion, despite more complications in the FIS than
the AFB group, the status of the wound at the end of the
study period was similar in both groups. We will have to fur-
ther analyse the recurrence rate during a 1-year period once
we have concluded the study.

The results obtained in this midpoint analysis show that
the FIS can be an adequate alternative to the traditional AFB.
Taking into consideration that, despite the higher number of
wound complications, subjects presented in the FIS group,
there was a low percentage of those who were actually clini-
cally significant as pointed out in our outcomes analysis.

Despite the demographic and clinical baseline data being
similar in both treatment groups, and sample sizes
maintaining balance throughout the study period, the overall
sample size may be too small for our results to be
generalisable at this point. We believe that, once we have
reached our target sample size, we will not only reach a
generalisable set of results but also incorporate additional
observations on recurrence, microbiology, and other ancil-
lary analysis, as well as examine whether the addition of
interventions towards moisture management exert a direct
measurable effect on complications.
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