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Abstract 

Background  Pressure ulcers account for a substantial fraction of hospital-acquired pathology, with consequent 
morbidity and economic cost. Treatments are largely focused on preventing further injury, whereas interventions 
that facilitate healing remain limited. Intermittent electrical stimulation (IES) increases local blood flow and redistrib-
utes pressure from muscle-bone interfaces, thus potentially reducing ulcer progression and facilitating healing.

Methods  The Pressure Injury Treatment by Intermittent Electrical Stimulation (PROTECT-2) trial will be a parallel-arm 
multicenter randomized trial to test the hypothesis that IES combined with routine care reduces sacral and ischial 
pressure injury over time compared to routine care alone. We plan to enroll 548 patients across various centers. Hos-
pitalized patients with stage 1 or stage 2 sacral or ischial pressure injuries will be randomized to IES and routine care 
or routine care alone. Wound stage will be followed until death, discharge, or the development of an exclusion criteria 
for up to 3 months. The primary endpoint will be pressure injury score measured over time.

Discussion  Sacral and ischial pressure injuries present a burden to hospitalized patients with both clinical and eco-
nomic consequences. The PROTECT-2 trial will evaluate whether IES is an effective intervention and thus reduces 
progression of stage 1 and stage 2 sacral and ischial pressure injuries.

Trial registration  ClinicalTrials.gov NCT05085288 Registered October 20, 2021.
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Introduction
Background and rationale
Pressure ulcers constitute a major morbidity in criti-
cally ill patients and are consequent to immobiliza-
tion, deranged tissue perfusion, and poor nutrition 
all of which contribute to local tissue ischemia and 
skin and soft tissue breakdown through a reduction in 
perfusion pressure and impaired healing. The preva-
lence of pressure ulcers in ICU patients is 16–26% [1, 
2]. In the United States, they are responsible for over 
60,000 deaths each year, and the treatment of hospital-
acquired pressure ulcers costs ~ $12 billion annually 
[3]. Despite preventive measures, pressure ulcers can 
develop within hours [4], especially in patients with 
hypotension, mechanical ventilation, renal replacement 
therapy, ICU sedation, and exposure to vasopressors 
[5]. Consequently, hospital-acquired pressure ulcers 
are about 4 times as common in ICUs than routine care 
wards [6].

Intermittent electrical stimulation (IES) was developed 
more than 35 years ago and was designed to increase tis-
sue perfusion. The belief is that enhancing tissue perfu-
sion improves local tissue oxygenation, improving tissue 
resistance to pressure and other factors that promote 
ulceration [7]. The contractions produced by IES reduce 
pressure around ischial tuberosities and distribute pres-
sure to areas at lesser risk of breakdown from sustained 
loading (sitting or supine) as demonstrated by functional 
MRI [8]. The device invokes muscle contractions for 10 s 
every 10 min via surface electrodes, emulating the sub-
conscious adjustments performed by able-bodied indi-
viduals in response to discomfort when seated or lying. 
Animal studies demonstrate that IES reduces internal 
pressure at bone-muscle interfaces (the hypothesized 
mechanism for injury development), increases tissue oxy-
genation in surrounding areas, and reduces or eliminates 
deep tissue injury in muscles subjected to prolonged 
loading [7, 9].

Clinical trials of IES have been limited to phase I trials 
which have demonstrated the safety of the device, ease of 
use, and patient satisfaction in multiple settings, includ-
ing the ICU [10, 11]. Studies by Ahmetović et  al. and 
Kane et al. evaluated the device as a preventive measure 
for pressure ulcers. No subjects in the trial groups devel-
oped a pressure ulcer.

Given the proposed mechanisms of IES and its perfor-
mance in pilot and phase 1 trials, it is possibly that IES 
will prove an effective treatment for pressure injuries. 
Specifically, by preventing further injury through the off-
loading of pressure from bone-muscle interfaces and the 
increase of local blood flow, tissue that has already been 
injured may be less likely to progress to higher pressure 
stages and potentially heal more quickly. However, there 

is currently no pre-clinical or clinical evidence from ade-
quately powered trials.

Objectives
We designed the ‘Pressure Injury Treatment by Intermit-
tent Electrical Stimulation (PROTECT-2) study to test 
the hypothesis that in patients with new or established 
stage 1–2 sacral and ischial pressure injuries, IES in addi-
tion to routine care for sacral and ischial pressure ulcers 
promotes healing over time better than routine care 
alone.

Methods
Trial design
PROTECT-2 is a parallel-group, unblinded multi-center 
randomized clinical trial that will assess whether IES 
combined with the standard of care (treatment) is supe-
rior to the standard of care alone (control). The trial is 
already IRB approved at all trial sites (US, Austria) and 
registered at ClinicalTrials.gov (NCT05085288). The 
SPIRIT checklist and figure for our proposal is provided 
in Fig. 1 and additional file 1. [12].

Trial population
We will include a minimum of 548 adult inpatients who 
meet the following criteria: (1) hospital inpatients, (2) 
new or established stage 1–2 sacral/ischial pressure inju-
ries, (3) provide written informed consent in English. 
Consent is given by the patient or their legally authorized 
representative (LAR). Subjects enrolled via LAR will be 
themselves consented when able. Consent will be done in 
person or by telephone by investigators.

Patients with a pacemaker/AICD, active rhabdomyoly-
sis, gluteal skin breakdown, and unstable fractures at risk 
of displacement by IES will be excluded. Patients with 
BMI > 40 kg/m2 will also be excluded based on concerns 
about not being able to elicit a reliable contraction of the 
muscle with the device. Patients with atrial or ventricu-
lar wires after cardiac surgery can be enrolled so long as 
they are not being actively paced or, in the opinion of the 
treating physician, likely to requiring pacing during the 
trial. Patients with multiple pressure injuries in higher 
stages can be enrolled as long as one of the sacral or 
ischial injuries is stage 1 or 2.

Patient recruitment
Study personnel will screen the hospital patient lists in 
the electronic medical record for nursing-documented or 
wound care nursing-documented pressure ulcers. Some 
sites also utilize bedside screening in intensive care units.
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Randomization and blinding
Randomization sequences will be generated using the 
PLAN procedure in the SAS statistical software and will 
be stratified by clinical site and initial pressure injury 
stage at point of consent (stage I or II). Furthermore, 
random sized blocks will be used. Study personnel will 
randomize patients after enrollment via a central 24-h 
Interactive Web Randomization System (REDCap). This 
is an open label study, so no blinding is required. Rand-
omization codes will be maintained until after all the data 
are collected and analyzed. The patient and study staff 
will be informed of the randomized allocation.

Trial intervention
Intermittent electrical stimulation device
The Prelivia System™ is a IES system composed of a sim-
ulator (Prelivia, Rehabtronics) and self- adhesive, non-
sterile 7.5 by 10 cm surface gel electrodes (Axelgaard Pals 
Platinum Neurostimulation electrodes, Model 895340-4-
40, Fallbrook, CA) applied directly on the skin (Fig. 2).

The device produces charged pulses at 30 Hz. Stimula-
tion intensity is progressively increased until visible mus-
cle contractions of the gluteus maximus muscles are seen, 
up to a maximum current of 100 mA. Stimulation occurs 
for 10 s every 10 min. Chosen device parameters approxi-
mate those shown to induce pressure redistribution and 

Fig. 1  Spirit Schedule of Enrollment, Interventions, and Assessments

Fig. 2  The IES system. Electrodes are placed directly on the skin 
overlying the gluteal muscles but not directly on the pressure ulcer
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sustained elevation in tissue oxygenation based on previ-
ous studies. Each subject will receive IES consistently 24 
h a day from entry and while in the ICU except for brief 
periods necessary for particular tasks in patient care (ex. 
dressing changes, operating room needs). While in non-
ICU environments, the device will be used while in bed 
and not participating in physical therapy, mobilization, 
toileting, and similar activities where no consistent pres-
sure in applied to the sacral area. The study device will 
be used until discharge, death, patient or LAR request 
for disenrollment, or the need for surgical or other inter-
ventions that preclude the use of IES. Should patients 
request not to have the study device for a short period 
of time, this will be notated and they remain in the trial 
group. If there are patient concerns about contextual use 
of the device, such as toileting or sleeping, these are dis-
cussed with the patient, and should the patient not have 
the device on per the protocol, this will be noted in the 
twice daily assessments. If there are medical interven-
tions that require that the sacrum and ischium not be 
examined, such as unstable open-chested patients, short-
term pausing is acceptable and will be documented on 
the case report form (Additional file  2). If these inter-
ventions are longer term or if the patient develops any 
condition not conducive to the use of the trial device, 
the device will be discontinued until these conditions are 
resolved. Research personnel will visit each subject in 
the study group Monday through Friday to administer a 
questionnaire to the bedside nurse, ensure proper use of 
the device, and address participant concerns.

Subjects in the intervention group will receive all other 
wound care preventatives and treatments that are stand-
ard of care. No standard interventions for wound care 
treatment are prohibited. The standard of care compara-
tor is to isolate the effect of IES in addition to what is the 
current standard of care.

Outcome variables
Primary
The primary efficacy outcome is the sacral and ischial 
pressure injury score measured over time.

Secondary
Secondary outcomes are time to event endpoints (time 
to resolution of ulcer, time to worsening of ulcer, time to 
discharge alive, daily subjective evaluation of ulcer, and 
mortality).

Exploratory
Our first exploratory endpoint will be total hospital cost 
effectiveness analysis within a subset of the patients. 
We will measure incremental cost-effectiveness ratios 
(ICERS) between traditional care and IES interventions 

of each procedure for the treatment of pressure ulcers, 
done within a subset of the patients. Furthermore, 
patient experience with respect to sleep disturbance, 
distraction or discomfort, and feeling of electric shock 
will be assessed with a daily questionnaire. Daily assess-
ment of the device area with respect to redness or skin 
issues will similarly be documented with a daily question-
naire (Additional file  3). The assessors will be research 
personnel.

Data collection and management
Data for wound assessment is collected by the electronic 
medical record as is all other baseline and study data 
as specified in the case report form (CRF) (Additional 
file  2). When able, data will be automatically extracted 
from the EMR. Study personnel at the participating sites 
record data on CRFs and submit the CRFs through a 
secure web-based computerized database (i.e., iDataFax). 
Patients are identified using a unique numeric code, and 
all patient data are anonymized to ensure patient confi-
dentiality. Data validity checks are programmed in the 
database and are monitored by data management assis-
tants from the Project Office through multi-level data 
validation of CRFs.

To promote participant retention and complete follow-
up, all data per the protocol will continue to be gathered 
from the participant as part of the modified intention to 
treat analysis (i.e., including all randomized patients who 
receive at least part of the study intervention) should they 
disenroll unless they request that subsequent data not 
be gathered. If a patient withdraws from study and also 
withdraws consent for disclosure of future information, 
no further evaluations are performed, and no additional 
data is collected. The sponsor may retain and continue to 
use any data collected before the withdrawal of consent.

Statistical methods
Data analysis
Analysis population
All randomized participants who have received any of the 
study intervention will be included in the primary end-
point analysis using modified intention-to-treat (mITT). 
The mITT data will be used to evaluate efficacy on the 
primary and secondary endpoints, and this data will 
comprise the analysis population.

Significance level
The significance level will be 0.05 for all hypothesis test-
ing and will be controlled at 5% across any multiple com-
parisons using appropriate multiple testing procedures. 
Two-sided tests for superiority will be used throughout.

For the statistical analysis of clinical course, unstage-
able injuries will be assigned a score of 3 (equivalent to 



Page 5 of 9Donaldson et al. Trials          (2024) 25:313 	

stage III injuries). If a patient experiences multiple sacral/
ischial pressure injury simultaneously, the most severe 
injury will be used for analysis.

Primary outcome
The primary outcome will be sacral and ischial pressure 
injury assessed with the SPI instrument score (range 0–4) 
over time. For the statistical analysis of clinical course, 
unstageable injuries will be assigned a score of 3 (equiva-
lent to stage III injuries). For ulcers that progress to deep 
tissue injuries (DTI), these will be assigned a score of the 
previous ulcer stage plus one. If a patient experiences 
multiple sacral/ischial pressure injury simultaneously, the 
most severe injury will be used for analysis. The primary 
outcome will be based on the combined stage 1 and stage 
2 ulcer types.

Patients will be assessed twice daily by the bedside 
nurse for pressure injury location and stage from study 
entry to discharge from the hospital or at least 30 days, 
whichever comes first. This is a standard wound care 
evaluation protocol for nursing. Wound care nursing spe-
cialist consultation staging will be used instead of bedside 
nursing staging should a discrepancy occur. If SPI scores 
are available after discharge and within the 30 days, those 
data will be included in the analyses as well, even if the 
SPI are healed or at the worst stage.

Primary outcome analyses
We will assess the efficacy of an IES system added to the 
standard care versus standard wound care on sacral and 
ischial pressure injury scores measured over time using 
a generalized mixed effects ordinal regression cumula-
tive logit model which considers treatment and time (cat-
egorical) as fixed effects and subject as a random effect 
and accounts for (1) the ordinal nature of the data and 
(2) the within-subject correlation over time. The model 
will allow differing number of measurements and lengths 
of follow-up for patients but will assume that shorter 
follow-up or dropout is largely at random and not due 
to either improvement or worsening of SPI symptoms. 
We will also assess the treatment-by-time interaction 
to assess whether the treatment effect is consistent over 
time. Given a significant interaction, we will assess the 
treatment effect at various time points, although the pri-
mary analysis will be the treatment effect collapsed over 
time.

Results will be reported as a proportional odds ratio 
which estimates the odds of an IES-treated patient hav-
ing a higher (worse) score than a randomly chosen stand-
ard care patient. For example, an odds ratio of 0.6 would 
mean the treatment was associated with an estimated 
40% lower odds of an EIS-treated patient having a higher 
score compared to standard care; correspondingly, a 

treated patient has a 40% higher odds of having a lower 
(better) score compared to a standard care patient.

Missing data methods
Study personnel will go to great lengths to avoid missing 
outcomes data. In any case, missing data in the analyses 
will be assessed using multiple imputation with chained 
equations (MICE, also known as fully conditional specifi-
cation) [13], in which predictions for missing data points 
will be made using regression models containing all avail-
able baseline and outcome variables. We will use 100 
MICE iterations and then average predictions for missing 
values. Using this methodology, even data that is origi-
nally missing not at random (MNAR) may effectively be 
missing at random (MAR) since the predictions utilize 
information from many variables which might represent 
the reason(s) for missingness.

Displaying of results/treatment effect
We will display the distribution of scores for treatment 
and control over time. We will also display a forest plot of 
odds ratios over time and the cumulative/aggregate odds 
ratio collapsed over time.

Alternative statistical models and sensitivity analyses
First, if the generalized mixed effects model does not 
converge or is deemed not sufficient, an analogous gen-
eralized estimating equation (GEE) model will be used 
in which the correlation is adjusted for using the R 
matrix (within-subject correlation), either unstructured 
or autoregressive (AR (1)). Second, a recurrent time to 
event model with ordinal outcome (the continuation 
ratio approach)  [14] will be fit. This approach models the 
risk for the jth event (e.g., a certain category of pressure 
injury at a specific f/up measurement) ignoring any pre-
vious events, but accounting for subject as random effect, 
and can be modeled using an event- stratified propor-
tional hazards regression model.

Treatment effect heterogeneity
We will assess treatment effect (IES device versus con-
trol) heterogeneity for the primary outcome across lev-
els of various baseline factors (Additional file  4) using 
tests for interaction (treatment-by-baseline interaction). 
Primary result will be the interaction P-value and corre-
sponding estimate of the interaction effect. We will also 
test and report the treatment effect and confidence inter-
val within levels of each factor.

Secondary endpoint analyses
We will assess the treatment effect of IES vs standard 
care on time to event outcomes (time to resolution of 
ulcer, time to worsening of ulcer, time to discharge alive, 
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and mortality) using Cox proportional hazards regression 
and reporting results as hazard ratio and 95% confidence 
interval, with the proportional hazards assumption tested 
using the treatment-by-log(time) interaction as well as 
graphical displays of the hazard of the outcome over time 
for the overlayed treatment groups. Kaplan–Meier analy-
ses with 95% confidence bands and the log-rank test will 
also be used.

Exploratory endpoints
We will assess cost effectiveness of IES vs standard care 
within a subset of the patients studied. We will measure 
incremental cost-effectiveness ratios (ICERS) between 
traditional care and IES interventions in the treatment 
of pressure ulcers. Safety assessment is as follows: results 
from each of the 5 possible side effects listed on Patient 
and Assessor Questionnaire will be summarized as (1) 
proportion of patients ever having the event across their 
follow-ups, (2) severity grade across follow-ups for those 
having the event, and (3) severity grade for all patients, 
assigning a 0 to those without the event. Severity grade 
will be summarized using median [quartiles] and mean 
(SD). Confidence intervals within and between rand-
omized groups will be estimated using bootstrap resa-
mpling with replacement to account for within-subject 
correlation across measurements.

Internal pilot study to re‑assess assumptions on variability 
and correlation
At both the first and second interim analyses, we will 
reassess the following assumptions used in sample cal-
culations: within-subject correlation over time, mean # 
measurements per subject, control group proportions 
across stages. Reassessing these “nuisance” parameters 
will not affect the type I error but may result in increas-
ing the maximum planned sample size. We will not 
reconsider the treatment effect of interest.

Interim analysis
Interim analyses will be performed at each 25% of the 
planned enrollment using a group sequential design 
assessing the treatment effect on the primary outcome 
for efficacy and futility. We will use a gamma spending 
function with gamma parameters − 4 for efficacy and − 1 
for futility. Stopping boundaries will be statistically 
non-binding; statistical accommodation for this option 
was made in the sample size calculations. The decision 
whether to stop a study at any interim analysis would be 
made by the DSMB, which would consider not only the 
statistical boundaries but other information as well. For 
example, if a futility or efficacy boundary was crossed at 
the first look, the DSMB might consider continuing the 

trial to obtain a more precise estimate of the treatment 
effect.

All data and results will be submitted to the data and 
safety monitoring board (DSMB) for review on an A ver-
sus B basis unless the DSMB requests to be unblinded. 
The DSMB is made up of physicians from multiple trial 
sites and a statistician (Additional file  5). The commit-
tee will assess any possible safety concerns, efficacy, and 
futility and advise if discontinuation is warranted and will 
meet at least yearly. DSMB members are independent 
from the sponsor and report to and communicate with 
the IRB and the steering committee.

Sample size considerations
Sample size calculations are based on the primary out-
come of pressure ulcer score (0–4), measured over time 
within a patient and assuming a statistical model (mixed 
effects ordinal regression) which accounts for the within-
subject correlation over the repeated measurements. We 
designed the study to have 90% power at the 0.05 signifi-
cance level to detect a treatment effect as large or larger 
than the effect seen in Table  1 (A) (for the combined 
starting stages I and II). Sample size was estimated based 
on applying a design effect to a standard 2-group com-
parison for independent data (i.e., the Wilcoxon Rank 
Sum test); it incorporates the number of measurements 
per patient (m) and an assumed intraclass correlation 
(ICC) to account for within-subject correlation (i.e., multi-
ply standard sample size calculation by 1 + (m-1)ICC) [15].

Table 1  Minimal clinically important differences in pressure 
ulcer score

Hypothetical percent in each pressure ulcer score category by treatment arm, for 
smallest clinically important effects: overall (A), for stage I (B), and stage II (C)

A. Combined stages I and II
N = 586 fixed, assuming single 
measurement per patient
N = 668 with interim analysis 
adjustment

Pressure ulcer score (row percent)

0 I II III IV
Intervention 82.5 2.5 12.5 2.5 0
Control 72.5 2.5 15 5 5
B. Patients starting at stage I
N = 548 fixed (620 with interims)

0 I II III IV
Intervention 85 5 7.5 2.5 0
Control 75 5 10 5 5
C. Patients starting at stage II
N = 616 fixed (697 with interims)

0 I II III IV
Intervention 80 0 17.5 2.5 0
Control 70 0 20 5 5
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Table 2 gives total sample size for the combined stages 
in Table  1 (A), varying the number of measurements 
per subject (10, 20, 40) and varying ICC (0.2, 0.5, 0.8). 
The ICC is expected to be relatively high, so the recom-
mended minimum sample size is 548 total (274/gp) for 
the overall treatment effect combining stages 1 and 2. 
However, since sufficient power is desired for each of the 
2 starting strata, stage I and stage II, roughly the same 
sample size (548) should be achieved for each strata (see 
Table 2 for stage I and stage II strata). Therefore, a total 
maximum (accounting for interim analyses) sample size 
of approximately 1100 patients was recommended for 
this trial.

Trial organization
The Cleveland Clinic Department of Outcomes Research 
is the coordinating center for this trial and is responsible 
for the central randomization, trial database, data con-
sistency checks, data analyses, and coordination of par-
ticipating centers worldwide.

The group responsible for trial steering included the 
primary investigator from three of the research sites, a 
statistician from the coordinating center, two wound care 
nursing specialists from two of the research sites, and the 
chairmen of the Departments of Research from three of 
the research sites.

The endpoint adjudication committee members 
included the coordinating center PI, the statistician, 
and the chairman of the coordinating center research 
department.

The data management team included a statistician, a 
member of the database and data quality control arm 

of the coordinating center research department, and a 
research fellow. Day-to-day trial conduct is undertaken 
by research personnel to include fellows and nurses, the 
primary investigator from each site, two wound care 
nurses from the coordinating center, the database man-
ager (weekly), and the statistician (weekly).

No stakeholder or public involvement group was uti-
lized for the design of this trial.

Adverse event reporting
Reporting, recording, and follow‑up of adverse events
The investigator will assess the relationship between 
protocol treatment and the occurrence of AEs, and this 
assessment will be recorded in the database for adverse 
events. The key potential adverse events of interest are 
restricted to skin irritation/allergies, and these skin 
manifestations will be scored with the International 
Common Terminology Criteria for Adverse Events 
(CTCAE), version 5.0, for adverse event reporting. Due 
to the non-systemic nature of the intervention, and the 
complexity of inpatient care and number of concurrent 
therapies being administered to this population, no 
other adverse events will be collected or reported. The 
investigator will follow each adverse event of interest 
until the event has resolved to baseline grade or better 
or is assessed as stable by the investigator or until the 
patient is discharged from hospital. During the study 
period, resolution of adverse events (with dates) should 
be documented on the adverse event electronic case 
report form (eCRF) and the patient’s medical record 
to facilitate source data verification. If, after follow-
up, return to baseline status or stabilization cannot be 
established, an explanation should be recorded on the 
adverse event eCRF. No renumeration or compensation 
is provided to participants.

Frequency and plan for monitoring trial conduct
Monitoring of the trial conduct will be conducted to 
minimize the number of errors and missing data and, 
consequently, to generate an accurate database for 
analysis. Two independent monitors are installed by 
the sponsor to perform study monitoring. Remote 
monitoring will be performed to signal early aberrant 
patterns, issues with consistency, credibility, and other 
anomalies. On-site monitoring will be conducted by the 
sponsor in all sites after the first and the third interim 
analyses to control the presence and completeness of 
the research dossier and the informed consent forms. 
Source data checks will be performed in the files of 25% 
of the patients after completion of the trial.

Table 2  Sample size for varying # measurements and ICC. 
Data = N total. Starting with N = 668 total observations (Table  1 
(A)), what is the required N subjects accounting for ICC and 
expected number of measurements/subject?

N = 668 assumed 1 measurement per patient (Table 1)

ICC intraclass correlation

Patient sample N 
measurements 
per patient

ICC

.2 .5 .8

Combined stages Table 1 (A) effect 10 188 368 548

20 162 351 542

40 148 344 538

Stage I start Table 1 (B) effect 10 174 342 510

20 150 326 504

40 138 318 500

Stage II start Table 1 (C) effect 10 196 384 572

20 168 366 564

40 154 358 562
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Ethical considerations
This trial is conducted in compliance with the pro-
tocol, the Declaration of Helsinki, the International 
Consensus on Harmonization—Good Clinical Practice 
(ICH-GCP), and all applicable laws and regulations of 
the countries in which the study is performed. Before 
sites start recruiting patients, the local investigators 
must have written and dated approval/favorable opin-
ion from the Institutional Review Board/Independent 
Ethics Committee (IRB/IEC) for the protocol, con-
sent form, subject recruitment materials/process, and, 
where applicable, approval by the participating coun-
tries competent authority (CA) in accordance with 
local laws and regulations (Additional file  6). Amend-
ments to the protocol also require IRB/IEC and/or CA 
approval, where applicable and relevant changes are 
made to the ClinicalTrials.gov website. All data are 
stored on a central encrypted, high-security computer 
system and kept strictly confidential.

Dissemination
Our dissemination plan includes presentation at 
national and international conferences and publications 
in peer reviewed high-impact journals.

Discussion
Pressure ulcers are associated with high national 
healthcare costs [3] (3) and are associated with an 
increased mortality  [16]. Despite many preventative 
measures that have been developed with varying suc-
cess, few treatments apart from routine wound care 
practices have been developed. With its mechanisms 
of increasing local blood flow and redistributing pres-
sure away from muscle-bone interfaces, IES has the 
potential to facilitate healing and retard progression of 
pressure injuries. The mechanism would also have sig-
nificant physiologic plausibility for the prevention of 
pressure ulcers in high-risk patients, but given the rela-
tively low incidence of pressure ulcers in our analysis, 
the number of patients required in a trial attempting to 
demonstrate whether the device can prevent pressure 
ulcers was prohibitive. Given the burden of pressure 
ulcers on hospital systems, evaluating the device’s util-
ity for acute care hospital-based treatment of new or 
established pressure ulcers is necessary.

The device used for this trial has been used in ani-
mal trials and small human trials evaluating its efficacy. 
We opted for testing the impact of electrodes placed 
around the pressure ulcer overlying the gluteus maxi-
mus muscle given its being a large muscle group with 
the potential to recruit increased blood flow to the area 
around the ulcer. The specific settings used in terms 

of frequency and amperage range were initially deter-
mined by preclinical data and were also used in the ani-
mal and human studies conducted before PROTECT-2.

Limitations for the interpretation of the results of this 
study do exist. Besides electrical stimulation of the glu-
teal muscles, other factors may have effect on the pro-
gression and healing of ulcers including contemporary 
wound care treatments, different national standards of 
treatment, different hospital protocols, and differences 
between ICU and non-ICU care. However, these findings 
will not bias the findings of the study given the multi-
centered, international nature of the trial, and testing for 
interaction for ICU vs. non-ICU enrollment will be done. 
In addition, combining stage 1 and stage 2 ulcers for the 
primary analysis will not enable us to assess whether the 
IES device may be more effective for 1 stage of ulcer ver-
sus stage 2. Nevertheless, in secondary analyses, we will 
test the interaction, although underpowered, between 
treatment and baseline stage as well as report the effect 
for each stage separately.

Much attention has been paid to safety in the PRO-
TECT-2 trial. Accordingly, data and patient safety during 
the trial is closely monitored by a DSMB, whose mem-
bers have been chosen due to their expertise in clinical 
research. The research electronic data capture will be 
used for building the database within a secure system and 
allowing access to the eCRF as well as randomization of 
patients into groups within one single platform for par-
ticipation sites. Importantly, data on side effects as well 
as patient and caregiver perceptions of skin health and 
sleep hygiene will be collected and used to enhance the 
description of the stimulation device.

In summary, the PROTECT-2 trial is designed to estab-
lish the efficacy of IES for treatment of stage 1–2 sacral 
and ischial pressure injuries in hospitalized patients.

Trial progress
This paper is based on the most recent version of the 
study protocol (i.e., v5.0, 2023-12-29). The first patient 
was randomized on June 6, 2022. As of December 30, 
2023, we have recruited 176 patients across 3 centers in 2 
countries. The first interim analysis based on recruitment 
is anticipated to be completed January 2024.
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