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Abstract

Background In the United States in 2017, there were an estimated 903,745 hospitalizations involving mechani-
cal ventilation (MV). Complications from ventilation can result in longer hospital stays, increased risk of disability,
and increased healthcare costs. It has been hypothesized that electrically pacing the diaphragm by phrenic nerve
stimulation during mechanical ventilation may minimize or reverse diaphragm dysfunction, resulting in faster
weaning.

Methods The Relnvigorate Trial is a prospective, multicenter, randomized, controlled clinical trial evaluating

the safety and efficacy of Stimdia’s pdSTIM System for facilitating weaning from MV.The pdSTIM system employs per-
cutaneously placed multipolar electrodes to stimulate the cervical phrenic nerves and activate contraction of the dia-
phragm bilaterally. Patients who were on mechanical ventilation for at least 96 h and who failed at least one weaning
attempt were considered for enrollment in the study. The primary efficacy endpoint was the time to successful libera-
tion from mechanical ventilation (treatment vs. control). Secondary endpoints will include the rapid shallow breathing
index and other physiological and system characteristics. Safety will be summarized for both primary and additional
analyses. All endpoints will be evaluated at 30 days or at the time of removal of mechanical ventilation, whichever

is first.

Discussion This pivotal study is being conducted under an investigational device exception with the U.S. Food
and Drug Administration. The technology being studied could provide a first-of-kind therapy for difficult-to-wean
patients on mechanical ventilation in an intensive care unit setting.

Trial registration Clinicaltrials.gov, NCT05998018, registered August 2023.

Keywords Phrenic nerve, Diaphragm stimulation, Mechanical ventilation, Ventilator-induced diaphragm dysfunction,
Weaning

*Correspondence:

Steven A. Conrad

steven.conrad@lsuhs.edu

! Stimdia Medical, Inc, 1355 Mendota Heights Road, Suite 300, Mendota
Heights, MN 55120, USA

2 NAMSA, 6750 Wales Rd, Northwood, OH 43619, USA

3 Atrium Health, 1000 Blythe Blvd, Charlotte, NC 28203, USA

“Louisiana State University Health Sciences Center, 1501 Kings Highway,
Shreveport, LA 71103, USA

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13063-024-08355-8&domain=pdf
http://orcid.org/0000-0002-6526-183X
http://orcid.org/0000-0002-4014-969X
https://clinicaltrials.gov/study/NCT05998018

Schaaf et al. Trials (2024) 25:519

Background

In the United States in 2017, there were an estimated
903,745 hospitalizations involving mechanical ventila-
tion [1]. Complications from mechanical ventilation can
result in longer hospital stays, increased risk of disability,
and increased healthcare costs. The estimated national
costs were 27 billion USD, representing 12% of all hospi-
tal costs [2]. Over a third of the time in the ICU is spent
on mechanical ventilation, and approximately 40% of the
time on mechanical ventilation may be spent weaning
from ventilation [3]. Additionally, those with prolonged
mechanical ventilation are 50% more likely to be dis-
charged to skilled nursing facilities for further care [4].

Many studies have demonstrated that mechanical ven-
tilation has an unloading effect on respiratory muscles
that leads to diaphragmatic atrophy and dysfunction
(ventilator-induced diaphragm dysfunction [VIDD]).
As little as 18 h has resulted in muscle fiber atrophy in
both slow and fast muscle fibers associated with oxida-
tive injury and increased muscle proteolysis in an animal
model [5]. Sonographic assessments of diaphragm thick-
ness and diaphragm biopsies have shown that a rapid rate
of diaphragm atrophy during mechanical ventilation can
impair functional recovery and weaning from mechani-
cal ventilation [6]. This effect appears to be most promi-
nent during controlled mechanical ventilation [7], while
assisted ventilation can attenuate dysfunction [8].

It has been suggested that electrically pacing the dia-
phragm during mechanical ventilation may minimize
or reverse diaphragm dysfunction, resulting in faster
recovery of muscle strength and shorter weaning times
[9]. This concept has been demonstrated in a spinal
injury patient providing electrical stimulation for as lit-
tle as 30 min per day [10]. Diaphragm pacing achieved
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by surgically implanted electrodes on the phrenic nerves,
or the diaphragm itself, is currently used in conjunc-
tion with mechanical ventilation in patients who require
extended diaphragm reconditioning, which is common in
spinal cord injury patients [11].

Surgical implantation of electrodes is not practical
for short-term stimulation to assist with weaning from
mechanical ventilation. Stimdia Medical developed a
bilateral percutaneous electrical phrenic nerve stimu-
lation system (pdSTIM™) to temporarily stimulate the
phrenic nerves to activate and recondition the dia-
phragm. Preclinical testing demonstrated that diaphragm
strength was maintained in paced animals compared
with nonpaced animals [12]. A feasibility study demon-
strated that percutaneous placement of multipolar leads
could be safely accomplished and effective at stimulating
the leads [13] and was effective at increasing diaphragm
thickness in mechanically ventilated patients [14].

Device description

The pdSTIM™ System is designed to stimulate the
patient’s phrenic nerves to cause contraction of the dia-
phragm during the inspiratory cycle of mechanical ven-
tilation. The pdSTIM" System recognizes the onset of
inspiration through flow sensing and bilaterally stimu-
lates the phrenic nerves, using multipolar leads placed
percutaneously in the patient’s neck above the clavicles.
Stimulation ceases when the patient goes into expiration.
The pdSTIM System is connected to a patient’s mechani-
cal ventilation circuit, as shown in Fig. 1.

Stimdia Medical recently launched a pivotal study, the
Randomized Study of the pdSTIM™ System (phrenic
nerve to diaphragm STIMULATION), in Patients who
were Failure to Wean Mechanically Ventilated Patients

Fig. 1 The pdSTIM system is shown with bilateral percutaneous phrenic nerve electrodes and the flow monitoring system attached

to the ventilator circuit
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(Relnvigorate Study). This study is being conducted
under the Food and Drug Administration (FDA) Investi-
gational Device Exemption (IDE). The pdSTIM"™ System
is not presently available for commercial use and is there-
fore limited to participants and institutions participating
in the study.

The objective of this study was to evaluate the safety
and efficacy of the use of the pdSTIM™ System for
increasing diaphragm strength and reducing the weaning
time of patients on mechanical ventilation compared to
those of patients receiving standard of care.

Study design

The Relnvigorate Study is a prospective, multicenter, ran-
domized, controlled clinical trial to evaluate the safety
and efficacy of the pdSTIM" System for facilitating
weaning from mechanical ventilation through phrenic
nerve stimulation. Potential patients who have received
mechanical ventilation for>96 h and have failed at least
one weaning attempt will be considered for enrollment.
Those enrolled will be randomized at a 1:1 ratio to the
pdSTIM™ System versus standard of care. A maximum
of 350 subjects will be randomized in the study. Up to
an additional 70 subjects may be enrolled in a nonrand-
omized roll-in group, resulting in up to 420 subjects in
the study. This was an open-label study; neither the study
subject nor the investigator was blinded to the treatment
arm or study outcomes.

Study endpoints

The study has two primary endpoints and four secondary
endpoints. All endpoints and additional objectives will be
assessed following completion of the 30-day follow-up
visit by all available randomized subjects:

1. Primary efficacy endpoint: Time to successful wean-
ing from mechanical ventilation for the subjects ran-
domized to treatment compared to subjects rand-
omized to the control arm

2. Primary safety endpoint: Assessment of serious
adverse events (SAEs) for the subjects randomized to
treatment compared to subjects randomized to the
control arm

Secondary endpoints include the 30-day mortality rate,
adverse event rate, and number of days on mechani-
cal ventilation. Additional objectives will summarize the
characteristics of the pdSTIM " system (e.g., lead place-
ment success rate, duration of the procedure, waveforms
of flow/pressure, etc.), mean change in the Rapid Shallow
Breathing Index (RSBI), number of ICU days, and rate of
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reintubation following successful weaning for the treat-
ment and control subjects.

Study population

The study will enroll subjects who have at least one
failed weaning attempt following a minimum of 96 h on
mechanical ventilation via either endotracheal (ET) or
tracheostomy tube. Prior to randomization, all study par-
ticipants will undergo screening (physical examination,
medical history, vital signs, etc.) and will be included if
they meet all the study inclusion criteria and none of the
exclusion criteria.

Up to two nonrandomized roll-in subjects will be
allowed at each investigational site prior to randomiza-
tion. The first roll-in subject will assist with training of
the investigator in lead placement in the clinical setting.
A second roll-in subject can assist with training of a sec-
ond investigator or in whom appropriate phrenic nerve
stimulation could not be achieved in the first. The sites
will be limited to two investigators trained and author-
ized to place the leads. Roll-in subjects will require the
same data collection and follow-up procedures as treat-
ment group subjects, with the data entered into the elec-
tronic data capture system.

Inclusion criteria

The study will require that subjects be 22 years of age or
older, provide written informed consent (may be com-
pleted by their legally authorized representative), be
mechanically ventilated via an endotracheal or tracheos-
tomy tube for at least 96 h and have at least one failed
weaning attempt, defined as a site-directed spontane-
ous breathing trial that did not result in liberation from
mechanical ventilation.

Exclusion criteria

Patients were excluded if they were ventilated for more
than 45 days, had certain preexisting neurological or
neuromuscular disorders affecting respiratory muscle
function (e.g., spinal cord injury, phrenic nerve paraly-
sis, myasthenia gravis), were at risk of significant hem-
orrhage, had specific chronic lung diseases or disorders,
had been diagnosed and treated for neck cancer within
the past 5 years, had prior radiation to the neck, or were
at elevated risk of developing or extending infection at
the site of lead placement. The full list of study inclusion
and exclusion criteria is available on ClinicalTrials.gov
(NCT05998018).

Subject management and assessments

After providing informed consent and confirming the
enrollment criteria, subjects randomized to the control
group will continue to receive site-directed standard of
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care treatment for patients on mechanical ventilation
at their research institution. Roll-in subjects and sub-
jects randomized to the treatment group will undergo
pdSTIM™ Therapy in addition to institutional standard
of care, twice per day for a duration of 2 h, stimulating
every 4th breath during this time. Phrenic nerve stimula-
tion is coordinated via the RespiSync'" algorithm to pro-
duce physiologic diaphragmatic movement. The pdSTIM
System is agnostic to the type or mode of ventilator.
Prior to initiating a stimulation therapy session, a hand-
ful of measurements are read from the patient’s ventila-
tor and entered into the pdSTIM console, including FiO,,
humidifier type, static compliance, and static resistance.
Measured inspired tidal volume (VTI, positive end-
expiratory pressure (PEEP), inspiratory time (Ti), and
work of breathing (WOB) are confirmed to align with the
ventilator settings prior to initiating therapy. Addition-
ally, the pdSTIM console is designed with several alarms,
which are displayed both visually and with an audible
sound when an alarm condition has occurred. The alarms
and settings for the console are provided to sites in the
pdSTIM System Operator’s Manual.

Table 1 Summary of procedures and data collection
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All subjects, regardless of treatment group assignment,
will undergo study-specified assessments (Table 1).

Weaning readiness assessment

All enrolled subjects regardless of randomized group will
be evaluated daily to determine protocol-specific readi-
ness-to-wean criteria while on mechanical ventilation
unless clinically contraindicated. The weaning readiness
criteria include reversal of the underlying cause or rea-
son for intubation, adequate oxygenation, hemodynamic
stability, no administration of neuromuscular blockers,
capability of initiating spontaneous breaths, and secre-
tions that are not excessive, with details of the criteria in
the clinical investigation plan. A protocol-specific spon-
taneous breathing trial (SBT) is conducted if the subject
passes weaning criteria or, if in the opinion of the inves-
tigator, the subject is clinically able to attempt the SBT.
Study-specific SBT settings are defined in the clinical
investigation plan and generally follow best practices
and published literature. In an effort to understand the
impact of the therapy on all subjects meeting the study
entry criteria, ventilator modes of the subjects are at the

Data collection Baseline within Daily whileon MV  Every 3 days Removal of MV MV liberation 30-day® 60-day®
2 days prior to prior to 30-day if prior to 30-day  assessment follow-up (+2 follow-up (+7
randomization visit visit (48+2 h following days) days)

extubation/
removal from
mechanical
ventilation)

Informed consent

Medical history

Physical exam X X X X X X

If hospitalized  If hospitalized

Medications X X X X X

RASS X X X

If ventilated
RSBI X X X X
If ventilated

Weaning readiness X X X X

assessment If ventilated

SBT X X X X

as indicated as indicated

Therapy delivery 2-h sessions 2x/

(roll-in and treat- day

ment arm only)©

pdSTIM system X X

lead removal If successful If ventilated

Adverse event X2 X X X X X

assessment

RASS Richmond Agitation-Sedation Score, RSB/ Rapid shallow breathing index, SBT Spontaneous breathing trial

2 AEs will be recorded at baseline only if they occur due to any prerandomization procedures required for purposes of this study protocol that were not standard of

care

b Follow-up visits for subjects who have been discharged from the hospital prior to the visit will be conducted with Subject/LAR by phone or other communication

€ Roll-in and Treatment group only—leads must be removed no later than 30 days after placement
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discretion of the investigators and will be documented
daily and at the time of liberation from mechanical ven-
tilation in the study database. If the SBT was successful,
the subject was removed from MV. Subjects will be mon-
itored for 48 h and then assessed to determine whether
liberation from MV has been successful. Subjects that do
not require reintubation or a return to mechanical ven-
tilation within 48 h are considered successfully liberated
from MV. The pdSTIM"™ System leads were removed
from the treatment group after the subject met the cri-
terion for successful liberation from MV or no later than
30 days after lead insertion.

Data management

The study will utilize an electronic data capture (EDC)
system. All subject data will be anonymized and stored
securely with limited access by researchers at each site
and by Stimdia’s monitors. Queries will be generated
for missing or inaccurate data. All data queries will be
resolved prior to data export for primary analyses.

Safety and study oversight

The principal investigator at each site will be responsible
for overseeing timely and accurate reporting of adverse
events, adverse device effects, and device deficiencies.
Investigators will report serious adverse events (SAEs)
and device deficiencies within 48 h of becoming aware of
each event.

The Relnvigorate Study will be supported by an inde-
pendent Clinical Events Committee (CEC), which will
classify and adjudicate adverse events as related/not
related to the study device and/or the study procedure.
Additionally, an independent data safety and monitoring
board (DSMB) will be established to oversee the study
progress and review the clinical data and safety parame-
ters. Each committee will hold routine meetings through-
out the course of the study and manage their respective
responsibilities per a Charter, which will be prepared and
agreed upon by the respective committees.

Study monitoring will be conducted per the study
monitoring plan. The study monitors will perform source
data verification, review all the informed consent forms,
ensure timely and appropriate Institutional Review Board
(IRB) communication, verify that the documentation is
complete and accurate, and ensure that the safety and
study deviation reports are complete, timely, and accu-
rate. Training will be undertaken prior to first study sub-
ject enrollment, and retraining will take place throughout
the study, if warranted. In addition to study protocol
training, investigators will receive training in the place-
ment of pdSTIM ™ leads.

The study was approved by a central institutional
review board (WIRB Copernicus Group (WCG), Work
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Order Number 1601635). Up to 35 sites will be included
in the study. The participating sites may use their local
IRB or defer to the central IRB. In either case, site-spe-
cific informed consent forms will be prepared, submitted
to the IRB, and approved by the IRB prior to use in the
study. Each informed consent form will be confirmed to
have all the required elements per the US Code of Federal
Regulations regarding Protection of Human Subjects (21
CER Part 50.25) prior to use in the study.

Statistical plan

As an intent-to-treat analysis to represent real-world
application of this therapy in critically ill patients, this
study is applying the Treatment Strategy in the Estimand
framework as outlined in ECH E9 (R1) where occurrence
of any intercurrent events is considered irrelevant [15].
The following intercurrent events have been identified:

+ Mortality—will be treated with freedom from ven-
tilation status at time of death as a right-censured
event to the end of the study period (30 days).

+ Study withdrawal by patient or treating physician—
will result in continued data collection following
removal of the treatment (if in treatment arm).

+ Use of respiratory depressant or neuromuscular
blocking agents—will result in continued treatment
and data collection until end of the treatment period.
This event could occur due to unplanned medical or
surgical procedures or a change in patient condition.
o Adverse events requiring electrode catheter
removal—will result in continued data collection
following removal of the catheter. This event could
occur for example if a catheter site infection devel-
oped.

Statistical analysis

Analysis of the primary endpoint will be based on a log-
rank test at a one-sided 0.025 alpha level. The planned
sample size is expected to provide 90% power for a range
of plausible assumptions for successful weaning (e.g., 50%
of control subjects are expected to be successfully weaned
by day 30 vs. 65% of treatment subjects, corresponding to
a hazard ratio of approximately 1.6). The primary analy-
sis will be by intent-to-treat. A detailed statistical analysis
plan (SAP) has been created and will be followed for all
primary, secondary, and prespecified additional analyses.
The analysis will include appropriate handling of missing
data, subgroup analyses, and multiple sensitivity analyses.
After the database is locked, the statistical analysis will be
completed by a statistician independent of Stimdia. The
data from the study will be analyzed once the sample size
for the primary efficacy endpoint has been met. There are
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no planned interim analyses in this study. Data from roll-
in subjects will be summarized separately and will not be
included in the primary endpoint analysis.

In sensitivity analyses, we will examine the potential
impact of mortality on the results. One approach will
use the Finkelstein-Schoenfeld approach for analyzing a
hierarchical composite of time to mortality and weaning,
and another will include subjects who die in the primary
analysis but counting their time as 30 days. This latter
analysis assumes that subjects who die would not have
been successfully weaned during the 30-day follow-up.

Discussion

Weaning from mechanical ventilation can be a challenge
for critically ill patients receiving ventilation for dura-
tions of several days or more. The concept of ventilator-
induced diaphragm dysfunction (VIDD) is a recently
recognized cause of diaphragm weakness that can pro-
long the weaning process, increase the length of ICU stay,
and increase the risk of complications from prolonged
mechanical ventilation. These patients are at a higher
risk of infectious complications [16], ventilator-induced
lung injury and further diaphragm dysfunction [16],
airway complications [17], and mortality within 1 year
[18]. These complications increase the need for transfer
to long-term acute care hospitals, each with attendant
excess costs.

The concept of ventilation-induced diaphragm dys-
function was first described in an animal model of
mechanical ventilation-induced diaphragm unloading for
48 h, leading to atrophy of the diaphragm [19]. Atrophy
is the result of increased proteolysis and reduced protein
synthesis [5]. The first description in humans involved
autopsy specimens from brain-dead organ donors. After
18-69 h of mechanical ventilation, donors showed a
greater than 50% reduction in the cross-sectional areas
of diaphragm myofibers compared to short-term ventila-
tion in patients undergoing surgical procedures [20]. The
findings included increased diaphragmatic proteolysis
during inactivity in as little as 18 h of disuse. Subsequent
studies have shown that 60 to 80% of mechanically venti-
lated patients experience clinically significant diaphragm
dysfunction [21, 22].

Ventilator-induced diaphragm dysfunction may be
attenuated, but not prevented, by maintaining active
diaphragm contraction with partial unloading using
pressure support ventilation in place of controlled ven-
tilation. In an animal model comparing the two modes,
diaphragm proteolysis was demonstrated after 18 h of
controlled ventilation and was reduced in the group
receiving pressure support ventilation [23].

Pavlovic and Wendt proposed the application of
phrenic nerve pacing in humans to prevent respiratory

Page 6 of 8

muscle fatigue during mechanical ventilation, translating
from existing applications of pacing in patients with high
spinal cord injury [9]. Implementation of phrenic nerve
pacing via intravascular electrodes incorporated into a
central venous catheter placed from the left subclavian
vein and crossing the midline was effective at stimulating
the phrenic nerves in a porcine model and mitigating the
development of ventilator-induced diaphragm dysfunc-
tion during controlled mechanical ventilation [24]. This
intravascular approach has been introduced into clinical
trials as the LungPacer LIVE® catheter (LungPacer Medi-
cal, Inc., Burnaby, BC, Canada) [25]. A randomized open-
label clinical trial (RESCUE2) of the LIVE® catheter in
112 patients demonstrated an improvement in maximal
inspiratory pressure but may have been underpowered
to demonstrate a higher incidence of successful weaning
[26]. A larger trial (RESCUE3) has been completed (Clin-
icalTrials.gov NCT03783884). Using a technology related
to but different from diaphragm stimulation, Liberate
Medical, LLC (Crestwood, KY, USA) has introduced a
system for noninvasive synchronous electrical stimula-
tion of the abdominal wall muscles during expiration to
assist weaning from mechanical ventilation (ClinicalTri-
als.gov NCT 05759013).

Although phrenic nerve stimulation has been used for
chronic support through surgical approaches, such as
cervical or intrathoracic approaches, support for weaning
from or supporting patients during mechanical ventila-
tion warrants a nonsurgical approach that can be placed
at the bedside. The intravascular approach has been
shown to successfully provide diaphragm pacing with the
placement of an intravascular catheter but entails the risk
of central venous catheterization with adjustment of the
insertion depth to fully capture both phrenic nerves and
potential interference with existing intravascular devices.

The pdSTIM™ system uses small-diameter (2.6 Fr)
bilateral percutaneously placed temporary pacing leads
inserted at the bedside. The pdSTIM™ system works
independently of ventilator type and mode of ventilation
using the proprietary RespiSync' " algorithm. Multiple
electrodes on each lead help to ensure successful cap-
ture without requiring adjustment of the insertion depth.
Like in the intravascular approach, it can be placed at the
bedside, but unlike the intravascular approach, it will not
interfere with existing intravascular devices.

As with any percutaneous device, there are associated
risks. Risks for the pdSTIM " System have been identi-
fied based on similar technologies and procedures. Risks
are categorized as insertion, stimulation, and ventilation
associated. Subcutaneous insertion across the posterior
aspect of the sternocleidomastoid muscle is expected to
reduce the risk of internal jugular or carotid artery punc-
ture, but vascular puncture exists and can lead to blood
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loss, hematoma or pseudoaneurysm formation, and com-
pression of cervical vascular and nerve structures lead-
ing to vascular thrombosis and stroke. The insertion site
and lead length are expected to maintain the pdSTIM"™
introducer needle in the anterior cervical soft tissue, but
the risk of pneumothorax is low, although it is expected
to be lower than that associated with deeper intravas-
cular insertion. The risk of soft tissue infection exists,
but a tunneled subcutaneous location without vascular
insertion may reduce the risk of bloodstream infection.
A percutaneous rather than an open surgical approach
is expected to reduce the risk of surgical incisions and
wound infections.

There are risks associated with electrical stimulation
that are expected to be similar to those of other phrenic
nerve stimulators. Stimulation of cervical muscles can
occur, accompanied by associated discomfort due to
muscle injury. Tissue injury, phrenic nerve injury, inflam-
mation, arrhythmias, cardiac pacing, and cardiac arrest
can result in inadvertent excessive stimulation currents.
Overstimulation can overwork and injure the diaphragm
or lead to barotrauma or volutrauma. Even without direct
injury, the use of phrenic stimulation poses the risk of
over- or underventilation, resulting in hypocarbia or
hypercarbia, respectively. Hypoventilation could also
result in hypoxemia due to its associated risks.

A transcutaneous approach to phrenic nerve stimu-
lation in the neck using electromagnetic stimulation
was reported by Charité University in Berlin. A proof-
of-concept study demonstrated the ability to generate
clinically meaningful tidal volumes through diaphragm
contraction [27], and a clinical trial has been undertaken
(STIMIT-II, ClinicalTrials.gov NCT05238753). This
alternative approach to the minimally invasive percuta-
neous approach is the use of magnetic fields generated by
coils placed on the skin overlying the phrenic nerves. The
risks associated with percutaneous access could be elimi-
nated with this system, but other risks related to stimu-
lation would likely remain. However, whether the use of
magnetic coils (up to 0.55 T or higher) impacts medical
equipment in the vicinity has yet to be determined.

Conclusions

The pdSTIM ™ system is the first percutaneous approach
for short-term phrenic nerve stimulation intended to pro-
mote diaphragm recovery in patients receiving mechani-
cal ventilation in the intensive care unit (ICU) setting.
The Relnvigorate Trial is a prospective, multicenter, 1:1
randomized, controlled clinical trial to evaluate the safety
and efficacy of the pdSTIM " system for facilitating wean-
ing in patients ventilated for more than 96 h and failing at
least one weaning attempt. The proposed trial design and
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methods are designed to minimize risk, evaluate safety,
and reduce weaning time.

Trial status

Approval to begin the study under an investigational
device exception (IDE) from the FDA was obtained
by Stimdia Medical in July 2023. The first subject was
enrolled on September 29, 2023, and five subjects, includ-
ing two roll-in subjects, were enrolled as of December
15, 2023. Enrollment is expected to be completed in late
2025.
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