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Abstract 

Background:  Administration of sedative and opioid medications to patients receiving mechanical ventilatory sup-
port in the intensive care unit is a common clinical practice.

Methods:  A two-site randomized open-label clinical trial will test the efficacy of self-management of sedative 
therapy with dexmedetomidine compared to usual care on anxiety, delirium, and duration of ventilatory support after 
randomization. Secondary objectives are to compare self-management of sedative therapy to usual care on level of 
alertness, total aggregate sedative and opioid medication exposure, and ventilator-free days up to day 28 after study 
enrolment. Exploratory objectives of the study are to compare self-management of sedative therapy to usual care on 
3- and 6-month post-discharge physical and functional status, psychological well-being (depression, symptoms of 
post-traumatic stress disorder), health-related quality of life, and recollections of ICU care. ICU patients (n = 190) who 
are alert enough to follow commands to self-manage sedative therapy are randomly assigned to self-management of 
sedative therapy or usual care. Patients remain in the ICU sedative medication study phase for up to 7 days as long as 
mechanically ventilated.

Discussion:  The care of critically ill mechanically ventilated patients can change significantly over the course of a 
5-year clinical trial. Changes in sedation and pain interventions, oxygenation approaches, and standards related to 
extubation have substantially impacted consistency in the number of eligible patients over time. In addition, the 
COVID-19 pandemic resulted in mandated extended pauses in trial enrolment as well as alterations in recruitment 
methods out of concern for study personnel safety and availability of protective equipment. Patient triaging among 
healthcare institutions due to COVID-19 cases also has resulted in inconsistent access to the eligible study popula-
tion. This has made it even more imperative for the study team to be flexible and innovative to identify and enrol all 
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Introduction
Background and rationale {6a}
Administration of sedative therapy to critically ill patients 
receiving mechanical ventilatory support in the intensive 
care unit (ICU) is common practice. Two of the most 
common indications for the administration of sedative 
medications are to reduce anxiety and promote tolerance 
of mechanical ventilation [1–3]. While indicated at times 
to promote patient synchrony with mechanical breaths, 
these potent medications are not without serious short- 
and long-term side effects [2]. Common short-term side 
effects of sedative medications include respiratory drive 
suppression and reduced level of consciousness. More 
long-term side effects of these medications include pro-
longed duration of mechanical ventilation due to delayed 
spontaneous breathing trials, immobility, and prolonged 
stay in the ICU. Because of these side effects, sedative 
therapy has evolved over the past decade from heavy 
sedation so patients can “sleep” through their critical 
illness or injury without recall to administration of opi-
oids for an analgo-sedation approach and the absence 
of sedative medication administration during ventila-
tory support. The common denominator in these varying 
approaches to sedative therapy is the reliance on clini-
cians to manage the administration of these medications. 
Nurses are responsible for the management of patients 
and their symptoms, as well as the administration of 
medications to facilitate synchrony with the ventilator. 
However, sedative medications are typically not admin-
istered based on individual symptoms but based on the 
patient’s alertness as commonly assessed in the ICU by 
the Richmond Agitation-Sedation Scale (RASS) [2, 4]. 

eligible participants. Patient-controlled sedation is a novel approach to the management of patient symptoms that 
may be able to alleviate mechanical ventilation-induced distress without serious side effects. Findings from this study 
will provide insight into the efficacy of this approach on short- and long-term outcomes in a subset of mechanically 
ventilated patients.

Trial registration:  ClinicalTrials.gov NCT02819141. Registered on June 29, 2016.
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Novel approaches to the management of patient symp-
toms that alleviate mechanical ventilation-induced dis-
tress without serious side effects are needed. Thus, the 
purpose of this study is to test the efficacy of patient self-
administered sedative therapy on select short- and long-
term outcomes.

Objectives {7}
The primary objective of the study is to assess the efficacy 
of patients’ self-management of sedative therapy using 
dexmedetomidine compared to usual sedation practices 
in mechanically ventilated subjects. Efficacy of self-man-
agement of sedative therapy is defined by statistically sig-
nificant differences compared to usual sedation care for 
(a) anxiety level over time after randomization, (b) inci-
dence of delirium after randomization, and (c) duration 
of mechanical ventilation after randomization. Second-
ary objectives of the study are comparing self-manage-
ment of sedative therapy to usual sedation care on the 
following: (a) level of alertness over time after randomi-
zation, (b) total aggregate sedative and opioid medication 
exposure over time, and (c) ventilator-free days up to day 
28 after study enrolment. Exploratory objectives of the 
study comparing self-management of sedative therapy 
to usual sedation care on 3- and 6-month post-ICU out-
comes include physical and functional status, psychologi-
cal well-being (depression, symptoms of post-traumatic 
stress disorder), health-related quality of life, and recol-
lections of ICU care.

Trial design {8}
A two-group, open-label randomized multi-centre clini-
cal trial superiority design will address the study objec-
tives to test the efficacy of self-management of sedative 
therapy on primary, secondary, and exploratory out-
comes. Patients are randomly allocated in a 1:1 ratio to 
either (1) experimental group of self-management of sed-
ative therapy using dexmedetomidine or (2) standard of 
care control group of nurse-administered sedative ther-
apy based on blocks stratified by site developed by the 
study biostatistician.

Methods: participants, interventions, 
and outcomes
Study setting {9}
Critically ill patients receiving mechanical ventilatory 
support are recruited from two academic medical centres 
and two community hospitals in the Midwestern State of 
Minnesota (MN), USA. The first site is St Marys Hospi-
tal on the Mayo Clinic Rochester, MN, campus with 80 
adult ICU beds consisting of medical (32 beds), surgi-
cal (18 beds), trauma (12 beds), and neurological (18 
beds) ICUs. The other participating sites are as follows: 

the M Health Fairview, University of Minnesota Medi-
cal Centre (UMMC) Medical, Surgical/Neurological 
and Cardiovascular ICUs in Minneapolis, MN. UMMC 
is an academic medical centre and the primary teaching 
hospital of the University of Minnesota Medical School. 
Combined, these adjacent ICUs have 62 staffed beds. The 
first participating community hospital is M Health Fair-
view Southdale Hospital, Edina, MN, which has a mixed 
medical-surgical/neurological/cardiovascular surgery 
ICU with 22 beds. M Health Fairview Ridges Hospital, 
Burnsville, MN, has a medical-surgical ICU with 12 beds. 
The two community hospitals have physician intensiv-
ist providers from the same ICU programme as UMMC 
thereby ensuring that the general ICU practice regarding 
sedation and mechanical ventilation management is like 
that of UMMC.

Eligibility criteria {10}
Pre‑screening
The electronic health record (EHR) is screened daily to 
identify patients receiving mechanical ventilatory sup-
port who are eligible for further evaluation in one of the 
participating ICUs. The EHR automatically places an 
electronic flag designating any ICU patients with a lab-
oratory-confirmed COVID-19-positive test. Any of these 
patients receiving mechanical ventilation are not eligible 
for this trial until they are considered non-contagious per 
hospital infection control regulations, generally 3 weeks 
after symptom onset.

Potential subjects are first evaluated by the trained 
research staff for participation with a bedside pre-screen-
ing test to evaluate motor abilities, alertness, and for the 
presence of acute confusion (delirium). Motor ability is 
assessed by placing the medication push-button activa-
tion device button in the patient’s hand and asking them 
to depress the button or asking a patient to click a ball-
point pen with his/her thumb. This motor test is used to 
verify the hand strength needed to depress the medica-
tion self-delivery button. The research staff then com-
plete an alertness screen which assesses the patient’s 
ability to communicate and appropriately follow ver-
bal commands accurately. The two-step process of the 
Confusion Assessment Method-ICU (CAM-ICU) [5] is 
administered to determine a patient’s alertness and for 
the presence of acute confusion (delirium). Step 1 con-
sists of arousal and alertness assessment using the RASS 
[4]. Step 2 includes administration of the CAM-ICU 
which consists of the delirium assessment component. 
The dichotomous result is either delirium absent (CAM-
ICU negative) or delirium present (CAM-ICU positive). 
Patients are required to be assessed as RASS level of − 2 
to + 1 to be eligible for study participation.
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Inclusion criteria  Patients may be included in the study 
if they meet all of the following inclusion criteria: (a) 
acutely mechanically ventilated during the index hospi-
talization; (b) currently receiving a continuous intrave-
nous infusion of a sedative/opioid medication(s) or have 
received at least one intravenous bolus dose of a sedative/
opioid medication in the previous 24 h (fentanyl, hydro-
morphone, ketamine, morphine, midazolam, diazepam, 
lorazepam, propofol, haloperidol, dexmedetomidine); (c) 
pass the pre-screening test and are assessed RASS − 2 to 
+ 1; and (d) age ≥ 18 years old.

Exclusion criteria  Critically ill mechanically ventilated 
patients are excluded from the study if any of the follow-
ing conditions exist: (a) aggressive ventilatory support or 
prone positioning; (b) hypotension (systolic blood pres-
sure < 85 mmHg) requiring a vasopressor medication 
at a dose of norepinephrine or epinephrine > 0.15 mcg/
kg/min or vasopressin > 2.4 units per hour. Patients are 
excluded if they require more than one continuous infu-
sion of a catecholamine vasopressor medication simul-
taneously and are excluded if the vasopressor dose was 
higher than norepinephrine or epinephrine 0.15 mcg/
kg/min, vasopressin > 2.4 units per hour, phenylephrine 
> 3 mcg/kg/min, dopamine > 10 mcg/kg/min, or dobu-
tamine at any dose in the prior 6 h. In addition, patients 
are excluded if dopamine is being used to increase heart 
rate; (c) second- or third-degree heart block or brady-
cardia (heart rate < 50 beats/min); (d) paralysis or other 
condition preventing the use of push-button device; (e) 
positive pregnancy test or lactation; (f ) acute hepatitis or 
acute liver failure, (g) acute stroke or uncontrolled sei-
zures; (h) acute myocardial infarction within 48 h prior to 
enrolment; (i) severe cognition or communication prob-
lems (such as coma, deafness without signing literacy, 
physician-documented dementia); (j) chronic mechani-
cal ventilator support in place of residence prior to cur-
rent hospitalization; or (k) imminent extubation from 
mechanical ventilator support in the opinion of the clini-
cal ICU team.

Who will take informed consent? {26a}
The trained research staff enrol those eligible patients 
who pass the pre-screening test. Signed informed con-
sent is obtained from either the patient or via proxy con-
sent of the patient’s legally authorized representative. If 
a patient passes the pre-screening test, RASS − 2 to + 1 
except is found to be CAM-ICU positive (delirium pre-
sent), proxy consent must be obtained. In the case of 
proxy consent, patients must be willing and able to self-
medicate and provide verbal assent with an affirmative 
head nod “yes”.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
Access to and permission to collect study-relevant per-
sonal health information from the EHR are obtained 
from all subjects. The Mayo Clinic site includes this per-
mission in the informed consent document, whereas the 
M Health Fairview sites utilize a separate consent docu-
ment for personal health information.

Interventions
Explanation for the choice of comparators {6b}
We selected dexmedetomidine as the sedative for patient 
self-administered sedation due to its pharmacologic 
and pharmacokinetic properties. Dexmedetomidine is 
a selective alpha-2 adrenergic agonist with more lightly 
sedating properties than another commonly used ICU 
sedative, propofol. Patients receiving dexmedetomidine 
can be easily awakened and, thus, are more likely to be 
capable of meeting their sedative needs with a self-con-
trolled device. Benzodiazepines, such as midazolam, have 
active metabolites that can accumulate in kidney impair-
ment and result in unpredictably prolonged sedation [1]. 
Dexmedetomidine has a rapid distribution half-life of 6 
min and terminal elimination half-life of on average 2 
h and linear pharmacokinetics within the usual dosage 
range of 0.2 to 0.7 mcg/kg/h [6]. These characteristics 
ensure a rapid clinical effect in response to patients’ bolus 
self-administration for anxiety and facilitate nursing 
adjustment of the basal infusion based on the number of 
boluses administered the preceding 2 h. This study is per-
formed under the approval of the United States Food and 
Drug Administration (FDA) Investigational New Drug 
number 111693 (C.R.W.) since dexmedetomidine is only 
FDA-approved for 24 h by continuous infusion. Prepara-
tion and distribution of the drug are the responsibility of 
the Mayo Clinic and UMMC Investigational Drug Ser-
vice pharmacies.

Intervention description {11a}

Experimental condition self‑management of sedative ther‑
apy  We use a continuous basal infusion (0.2–0.7 mcg/
kg/h) with 3 allowable patient-controlled self-boluses 
per hour (0.25 mcg/kg) each with a 20-min lock-out [7]. 
Standard infusion pumps with a push-button device 
already in clinical practice are used to administer the 
dexmedetomidine protocol. The Lifecare PCA® Infusion 
System was used at both sites initially until the M Health 
Fairview sites switched to the CADD Solis® infusion 
pump system in 2019. Set-up and management of the 
infusion pumps and titration of basal infusion are the sole 
responsibility of the patient care nursing staff, though 
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study coordinators are present to answer questions and 
verify protocol orders. The infusion pump is set in the 
PCA + continuous mode. Intermittent patient self-initi-
ated dexmedetomidine doses are delivered in 1 mL over 
35 s. Subjects in the experimental group are prompted to 
use the push-button device when feeling anxious. Deliv-
ery accuracy is ± 5% for continuous delivery rates > 1 
mL/h. Settings, dose delivery times, and aggregate dos-
ing are recorded by the pump for later retrieval. The basal 
infusion is adjusted by the patient care nurse per protocol 
every 2 h based on the number of sedative self-admin-
istered administered in the previous 2 h. Details on the 
dexmedetomidine basal infusion, titration algorithm, and 
dosing according to a subject’s most recent daily weight 
on enrolment are described elsewhere [7].

Standard of care control condition nurse‑administered 
sedative therapy  Subjects randomized to the control 
condition receive standard care for the respective ICU 
which consists of nurse-administered sedative therapy as 
ordered by the primary care team.

Criteria for discontinuing or modifying allocated 
interventions {11b}
Daily adverse event monitoring is performed for sub-
jects randomized to either the treatment or control 
condition. A trained member of the research team 
reviews the EHR for the presence of hypotension, 
bradycardia, delirium, self-extubation, and protocol 
deviations related to drug, pump, or both. Heart rate 
and blood pressure are abstracted from the EHR. The 
research staff or ICU nurses caring for subjects alert a 
member of the research team and notify the study phy-
sician for sustained (lasting > 30 min) systolic blood 
pressure < 80 or > 180 mmHg, diastolic < 50 or > 100 
mmHg, heart rate < 40 or > 120 beats/min,; persistent 
inability to understand the rationale for triggering the 
push-button PCA device despite education and dem-
onstration, or marked worsening of respiratory sta-
tus requiring aggressive ventilatory support with deep 
sedation and/or chemical paralysis. The subject’s condi-
tion is reviewed by a designated study physician with 
the primary care team for any necessary intervention 
including pausing the research protocol or withdrawal 
of the subject from the medication part of the protocol. 
Even if the medication part of the self-management of 
the sedative therapy arm is stopped, we continue to col-
lect three-times daily assessments (7 am, 1 pm, and 7 
pm ± 2 h), sedative drug exposure and post-intubation 
subject questionnaires to permit “intention-to-treat” 
analyses.

Strategies to improve adherence to interventions {11c}
Three main strategies are used to promote adher-
ence to the protocol by the ICU nursing staff. First, 
the protocol-directed three-times daily assessments of 
all subjects provide regular check-in with the respon-
sible patient care nurse. The experimental protocol is 
reviewed, the dexmedetomidine titration and patient 
management guidelines are reinforced, and the nurse 
is queried about any questions or concerns. Secondly, a 
3-ring binder is maintained at the subject’s bedside con-
taining protocol reference materials such as brief infor-
mation on the study specifics including hypotension 
alert parameters, contact numbers for research person-
nel, and directions for completing the supplemental 
medication log. Lastly, our formal intervention fidelity 
monitoring plan utilizes checklists to track adherence 
to the experimental and control group conditions.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
Supplemental sedative (midazolam, haloperidol) 
and analgesic medications (fentanyl, morphine sul-
phate) are allowed for experimental group subjects; 
choice and dosage are standardized between sites and 
ordered at the discretion of the study physician writing 
the medication orders based on the subject’s current 
medical condition, current medications, and plan of 
care. Nurses can administer these additional sedative/
analgesic medications as deemed necessary to address 
patient needs. Any supplemental medications and 
the reason(s) for administration are documented on a 
paper study tracking log at the bedside in addition to 
EHR standard documentation. There are no care rec-
ommendations or protocols instituted for subjects ran-
domized to the usual care control condition.

Provisions for post‑trial care {30}
Subjects do not receive any monetary remuneration for 
study participation. As detailed in our informed con-
sent documents, any injury or harm resulting from par-
ticipating in this clinical trial is billed to the patient’s 
insurance as with usual care.

Outcomes {12}
There are two phases of this clinical trial, the ICU phase 
up to 7 days and the 6-month post-ICU recovery phase. 
The primary and secondary outcomes are focused on the 
ICU phase of the clinical trial with the analysis metric of 
the mean/median changes over time from baseline study 
entry randomization through ICU day 7 or until extuba-
tion, transfer/discharge from the ICU, withdrawal of con-
sent, removal from the study, or death.
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The three individual, primary outcomes are as fol-
lows. Patient-reported anxiety intensity level over time 
is measured three times daily with a visual analogue 
scale-anxiety (VAS-A). The VAS-A is a valid, non-bur-
densome single-item instrument to measure anxiety 
intensity over repeated assessments in mechanically 
ventilated patients [8–11]. VAS-A intensity scores 
range from 0 to 100 mm. The VAS-A is presented to 
patients with a vertical orientation, similar to a ther-
mometer, with anchors on each end of designating 
not anxious at all = 0 to most anxious ever = 100. 
Patients mark their current level of anxiety intensity 
on the VAS-A line, resulting in a score from 0 to 100. 
The duration of mechanical ventilation is measured in 
the mean/median number of days after randomization 
to extubation. Lastly, the presence/absence of delirium 
after randomization is assessed three times daily by the 
CAM-ICU tool.

The rationale for focusing the primary outcomes on 
patient-reported anxiety, duration of mechanical ventila-
tion, and delirium is that the study intervention (patient-
controlled sedation with dexmedetomidine) should 
not have long-lasting effects after dexmedetomidine is 
stopped after extubation. The elimination half-life of 
dexmedetomidine is on average 2 h. The hypothesized 
mechanism whereby self-management of sedation ther-
apy reduces mechanical ventilation duration is that, com-
pared to clinician-administered sedation, the subject is 
more awake, less delirious and less anxious, and therefore 
more likely to undergo and/or pass a weaning trial (pres-
sure support trial or similar test of spontaneous breathing 
with adequate mental status) in the clinicians’ judgement. 
There is no evidence to suggest that self-management of 
sedative therapy with dexmedetomidine would affect the 
underlying course of the disease that led to intubation or 
to have long-lasting effects on chronic conditions that 
may prevent further intubations weeks after the interven-
tion is completed.

The first secondary outcome is change in the level of 
alertness of subjects by the group after randomization 
and for up to 7 days during the ICU stay. Alertness is 
assessed three times daily using the RASS, yielding ordi-
nal/rank data from RASS − 5 to + 4. Sedative exposure 
is measured daily for up to 7 days during the ICU stay 
and will be analysed for mean/median change over time. 
Sedative exposure is operationalized as a daily aggregate 
measure of sedation frequency and sedation intensity 
based on receipt of 9 commonly administered intrave-
nous sedative and analgesic medications (lorazepam, 
midazolam, propofol, morphine, hydromorphone, fen-
tanyl, dexmedetomidine, haloperidol, ketamine) for up 
to 7 days after enrolment. This method allows aggrega-
tion across a study sample of weight-adjusted doses of 

sedatives and analgesics and anti-psychotics for which 
there are no pharmacologically valid conversion “equiva-
lents”. Details on calculating sedative exposure are found 
elsewhere [12].

Lastly, ventilator-free days (VFD) are defined as the 
mean/median number of days between successful wean-
ing from mechanical ventilation and day 28 after ran-
domization. We count VFD only during the current 
hospitalization. For patients receiving a tracheostomy to 
assist in weaning, “extubation” is defined as the first hour 
of a consecutive 24 h or more interval when the patient 
is on no positive pressure ventilator support. Patients 
can still be connected to the ventilator tubing to receive 
humidified gas or oxygen supplementation but not 
receiving PEEP or pressure support. Patients alive and 
on the ventilator at the time of hospital discharge (all of 
these would be ventilated via tracheostomy) are consid-
ered to be alive and on the ventilator for the remainder of 
the 28 days after randomization. Patients alive and off the 
ventilator at the time of hospital discharge are considered 
to be alive and off the ventilator for the remainder of the 
28 days after randomization. Since one of the study sites 
(Mayo Clinic) has an internal chronic respiratory support 
unit, a patient transferred to that unit does not count as 
a hospital discharge and ventilator days are counted up 
to day 28. Some patients are “terminally extubated” but 
do not die immediately. In that case, we do not count the 
hours or days alive after terminal extubation as an “alive 
and vent-free day.” Some subjects have multiple episodes 
of intubation within the incident hospitalization in which 
case we aggregate all of those ventilator days in the VFD 
calculation. We do not include non-ICU times of venti-
lation such as operating room or PACU. If an enrolled 
subject comes to the ICU from the OR intubated, then 
those ICU ventilator hours or days count towards VFD 
whether or not the procedure was emergency or elective 
as long as it occurred within the initial hospitalization. If 
the subject is discharged from the hospital and returns 
for more ventilator support, those days are not counted 
in the VFD calculation.

The first exploratory outcome is post-extubation 
recall obtained prior to hospital discharge and at 3 and 
6 months with the 25-item Intensive Care Experience 
(ICE) Questionnaire. The ICE Questionnaire contains 
four main categories: awareness of surroundings, fright-
ening experiences, recall of experiences, and satisfaction 
with care [13]. ICE mean/median scores obtained at each 
of the three assessment time points will be compared by 
group for change over time. Subjects who are not extu-
bated prior to ICU transfer or hospital discharge are not 
assessed for ICU recall.

The following post-ICU outcomes are obtained via 
telephone at 3 and 6 months after the date of study 
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randomization and are analysed for mean/median 
change over time by group. (1) Physical and functional 
status is assessed by the 6-item Katz Activities of Daily 
Living Scale (KADL) [14]; (2) the 10-item Functional 
Activities Questionnaire (FAQ) assesses instrumental 
activities of daily living that require higher-order abilities, 
such as cooking, driving, managing finances, and medi-
cations; and (3) psychological well-being is assessed with 
two instruments: (a) the 9-item Patient Health Question-
naire (PHQ-9) a brief, 9-item tool that measures cardi-
nal symptoms of depression [15], and (b) symptoms of 
post-traumatic assessment disorder are assessed with the 
Posttraumatic Stress Disorder Checklist Event Specific 
(PCL) [16]. Lastly, health-related quality of life is assessed 
with the Short Form-36 (SF-36) [17].

Participant timeline {13}
The participant timeline is presented in Fig. 1.

Sample size {14}
Our primary outcomes are anxiety, duration of mechani-
cal ventilation, and presence of delirium. Each primary 
outcome is analysed separately. In our preliminary study 
[18], anxiety decreased over time for the experimental 
self-management of sedative therapy group by 5 points 
from 58.1 to 53.1 (0–100 mm visual analogue scale), 
whereas it increased by 15.5 points from 43.7 to 53.9 for 
the control group. The calculated delta change for anxi-
ety = .45 for an effect size = .11 with a sample size of 95 
per group (190 total). We base our target sample size on 
these anxiety data for this efficacy RCT. During the pilot 
RCT, no patients randomized to the experimental group 
became delirious, while four patients randomized to the 
control group developed delirium (p = .058). A sample of 
35 subjects per group would be required (70 total). The 
power calculation for the duration of mechanical venti-
latory support after study enrolment (Mann-Whitney U) 
with an effect size of .41 would = 43 per group (86 total). 
We estimated the power for multilevel models approxi-
mating our study design. A sample size of 95 patients 
per arm, 190 total (at a minimum of 7 data collection 
points for each, resulting in ~ 1050 observations) will 
have greater than 80% power to detect small to moderate 
effects (i.e. 0.11 or greater) in between-group differences 
in anxiety, delirium, and duration of mechanical ventila-
tion at alpha = .05 for all proposed models.

Recruitment {15}
Registered nurse study coordinators are present in the 
participating ICUs daily to screen potentially eligible 
patients and to interact regularly with the staff. This is 
an ICU-based clinical trial whereby enrolment is con-
tingent upon patient census and whether patients meet 

our strict inclusion criteria to conduct this efficacy trial 
safely and appropriately. Study coordinators are trained 
by the investigators to approach patients calmly and in an 
unhurried manner; use short, simple sentences that con-
tain one idea at a time; and provide patients with a means 
of communication via paper/pen for note writing or a let-
ter board. A brochure that provides an overview of the 
clinical trial is provided to patients and their family visi-
tors that serve as a non-threatening study introduction 
prior to seeking informed consent.

Assignment of interventions: allocation
Sequence generation {16a}
Randomization lists for each site were generated by the 
study statistician using computer-generated random 
numbers. A stratified block randomization approach 
with a block size of 2 was used for this open-label study. 
Each participating research site is the stratification factor.

Concealment mechanism {16b}
Randomization lists for each participating study site are 
incorporated into the Research Electronic Data Cap-
ture (REDCap®) database, accessible only to authorized 
study coordinators at each site after study eligibility is 
confirmed. Given this is an open-label clinical trial, for 
patients randomized to the experimental arm, each site’s 
central pharmacy prepares and dispenses the dexme-
detomidine bar-coded medication cartridges.

Implementation {16c}
Authorized study coordinators enrol and assign partici-
pants to the experimental intervention arm or the con-
trol arm based on the allocation sequence included in the 
study’s REDCap® database.

Assignment of interventions: blinding
Who will be blinded {17a}
This is an open-label efficacy clinical trial without blind-
ing of ICU staff to either the experimental or control con-
ditions. Research personnel responsible for screening, 
enrollment and data collection are not blinded.

Procedure for unblinding if needed {17b}
Given this is an open-label efficacy clinical trial, proce-
dures for unblinding are not applicable.

Data collection and management
Plans for assessment and collection of outcomes {18a}

Study entry demographic and clinical data  Data are 
abstracted from the EHR or from the subject on the fol-
lowing: age, sex, race, ethnicity, ICU admission and day 
of enrolment weight, medical diagnoses, indication for 
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ventilatory support, medications including sedative med-
ications in the prior 24 h, ventilator settings, and sever-
ity of illness measured by Acute Physiology, Age and 
Chronic Health Evaluation III (APACHE III) score [19]. 
The APACHE III is used to determine the severity of ill-
ness during the first 24 h of ICU admission. For daily 
illness severity, a Sequential Organ Failure Assessment 

(SOFA) [20] is scored each day from the medical record 
for the length of study enrolment. Any differences in ill-
ness severity, SOFA scores, age, or biological sex will be 
considered as covariates in subsequent analyses. Data 
abstraction, data entry, and assessments are completed 
by study coordinators or trained designees. Case report 
forms (CRFs) are kept in a binder at the bedside for each 

Fig. 1  Schedule of enrolment, interventions, and assessments. CAM-ICU, Confusion Assessment Method-ICU; RASS, Richmond Agitation- Sedation 
Scale; VAS-A, Visual Analog Scale-Anxiety. KADL, Katz Activities of Daily Living Scale; PHQ-9, Patient Health Questionnaire; PCL, Posttraumatic Stress 
Disorder Checklist Event Specific; The Short Form-36 (SF-36, ); FAQ, Functional Activities Questionnaire; ICE, Intensive Care Experience Questionnaire. 
SOFA, Sequential Organ Failure Assessment; Acute Physiology; APACHE, Age and Chronic Health Evaluation
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study participant where primary outcomes for patient-
reported anxiety (VAS-A), the incidence of delirium 
(CAM-ICU), and secondary outcome, level of alertness 
over time (RASS), are assessed three times daily while 
in the active ICU study phase (see Fig. 1 for the sched-
ule of events, interventions, and assessments). CRFs are 
entered into REDCap® by trained study staff.

Assessment and collection of outcomes  The primary out-
comes are as follows:

a)	 Patient-reported anxiety level over time after rand-
omization

b)	 Incidence of delirium after randomization
c)	 Duration of mechanical ventilation after randomiza-

tion

The secondary outcomes are as follows:

a)	 Level of alertness over time after randomization
b)	 Total aggregate sedative and opioid medication expo-

sure over time
c)	 Ventilator-free days after weaning from mechanical 

ventilation and day 28 after study enrolment

The exploratory outcomes are as follows:

a)	 Physical and functional status
b)	 Psychological well-being (depression, symptoms of 

post-traumatic stress disorder)
c)	 Health-related quality of life
d)	 Recollections of ICU care and experiences

Plans to promote participant retention and complete 
follow‑up {18b}
During the ICU phase of this clinical trial, per-proto-
col patients are assessed in-person three times daily by 
trained research staff for anxiety, level of alertness, and 
the presence/absence of delirium. The regular presence 
of a member of the research team on the ICUs greatly 
contributes to participant retention while addressing 
any issues or concerns in real-time. The 3- and 6-month 
post-ICU assessments for the exploratory aims are 
completed by telephone. A contact telephone number 
is recorded prior to hospital discharge. A reminder call 
is placed to patients by a member of the research team 
in advance of the 3- and 6-month assessment; question-
naires may be sent in the postal mail or electronically 
to facilitate completion over the telephone. Adequate 

time is provided during telephone assessment calls to 
accommodate a participant’s energy level.

Data management {19}
Research Electronic Data Capture (REDCap®) is the 
electronic database used for all data entry. Access 
is by individual permission only, restricted to mem-
bers of the research team, and is password protected 
through individual email accounts. Study coordinators 
or trained designees abstract patient data from the EHR 
and enter CRFs into REDCap®. Study coordinators and 
staff are all onsite, trained individually, and recorded 
on a delegation of authority log retained in a regula-
tory binder and signed by the principal investigator at 
each site. The study is monitored biannually for com-
pliance and quality assurance. The monitor has access 
to the EHR, CRFs, regulatory documents, and RED-
Cap® for use in verifying information. All entered data 
on the primary study outcomes and sedative exposure 
are audited independently from the individual who 
entered the original data. Case report forms (CRFs) 
are stored in a locked file cabinet separate from signed 
informed consent forms. Both study sites are transi-
tioning to electronic CRFs in the next year. REDCap® 
has built-in alerts for value and range entries to notify 
staff of out-of-range values. Edits made to data entry 
are recorded in the system history as a change and 
are tracked throughout the study. User privileges and 
access in REDCap® are monitored and granted by the 
database manager. User rights are updated with study 
staff changes. The manual of operations is maintained 
to provide a consistent data management plan and 
improve accuracy.

Confidentiality {27}
A screening filter is used when accessing the EHR for 
screening to identify only those ICU patients receiving 
mechanical ventilatory support. The only study docu-
ments that contain a patient’s identifying information 
are the signed consent form and the permission to obtain 
protected health information document. These docu-
ments are stored in a locked file cabinet and stored for 
seven years. After that time, all study documents are 
shredded.

Plans for collection, laboratory evaluation, and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
There are no biological specimens collected for this clini-
cal trial.
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Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
Primary aims
The primary aims of the study are to determine the effi-
cacy of self-management of sedative therapy in ICU 
patients receiving mechanical ventilation compared to 
nurse-administered sedative therapy on (1) anxiety, (2) 
presence of delirium, and (3) duration of mechanical 
ventilation. All three outcomes will be assessed individ-
ually with multilevel models. Multilevel growth curve 
analyses controlling for illness severity, age, sex, and 
sedative exposure will be used to model the trajecto-
ries of anxiety as predicted by group among all patients. 
The level 1 sub-model will estimate how each patient’s 
anxiety changes over the 7-day ICU study period. The 
level 2 sub-model will relate the inter-individual differ-
ences to the intervention group and other time-invari-
ant predictors (such as biological sex) and will estimate 
a subject’s initial anxiety level and rate of change in 
anxiety over the study period. To account for correla-
tion within patients over time, we will model anxiety 
with the subject as a random effect. Effect of time will 
be included as a linear or non-linear term based on 
the model fit. Subsequent models will contain time-
varying covariates [i.e., sedative exposure and illness 
acuity (APACHE III)]. This will allow us to focus on 
within-subject effects, that is, whether within-subject 
differences in the covariates are associated with within-
subject differences in anxiety, delirium, and duration 
of mechanical ventilation. A choice of an appropri-
ate covariance structure for the residuals will be made 
based on a model fit using the quasi-likelihood inde-
pendence model information criterion (QIC).

Statistical analysis for the duration of mechanical venti-
lation outcome will be time (days) from study enrolment 
to the first ventilation free day (24 h free of mechanical 
ventilation support after extubation) as an outcome and 
will be performed using a competing risk approach. In 
this analysis, death will be considered as a competing 
event. Given delirium is operationalized as a dichotomy 
(either present or absent) over time, we will fit the mod-
els using general estimating equations (GEE). For bino-
mial data, the most appropriate link function is the logit 
(logistic regression model) and, for incidence, the log 
(Poisson regression in log-linear model). Withdrawal of 
mechanical ventilatory support is not considered equiva-
lent to death but the same as a medically planned extu-
bation (i.e. patient who is determined to be “ready” for 
extubation by the medical care team). For those enrolled 
patients who undergo terminal withdrawal of ventilatory 
support, we will ascertain their vital status up to 30 days 
after enrolment in the study has ended.

For the above statistical analysis plan, we will report 
both unadjusted and false discovery rate (FDR) cor-
rected p-values given FDR will account for multiple out-
comes. Traditional approaches for controlling error rates 
in the presence of multiple comparisons include strong 
and weak control of familywise error rates, using tech-
niques such as the Bonferroni correction [21]. The FDR 
approach has been shown to be more powerful than 
methods like the Bonferroni correction that control false-
positive rates [22].

Secondary aims
The first secondary aim of the level of alertness (as 
assessed by the RASS) and sedative exposure between 
the two groups will be compared using two-sample t-test 
or Wilcoxon rank sum test as appropriate. Further analy-
sis will be performed using repeated measures ANOVAs 
and multilevel models as in the case of the primary aim.

The second secondary aim is to compare VFDs in 
patients between the two groups defined as the mean/
median number of days between successful weaning (usu-
ally extubation) from mechanical ventilation and day 28 
after randomization. We do not count hours of days of 
non-invasive positive pressure support in the VFD calcu-
lation. We count VFD only during the current hospitali-
zation. For patients receiving a tracheostomy to assist in 
weaning, “extubation” is defined as the first hour of a con-
secutive 24 h or more interval when the patient is on no 
positive pressure ventilator support. Patients can still be 
connected to the ventilator tubing to receive humidified 
gas or oxygen supplementation but not receiving PEEP or 
pressure support. Patients alive and on the ventilator at 
the time of hospital discharge (all of these would be venti-
lated via tracheostomy) are considered to be alive and on 
the ventilator for the remainder of the 28 days after rand-
omization. Patients alive and off the ventilator at the time 
of hospital discharge are considered to be alive and off the 
vent for the remainder of the 28 days after randomiza-
tion. Since one of the study sites (Mayo) has an internal 
chronic respiratory support unit, a patient transferred to 
that unit does not count as a hospital discharge and ven-
tilator days are counted up to day 28. Some patients are 
“terminally extubated” but do not die immediately. In 
that case, we do not count the hours or days alive after 
terminal extubation as an “alive and vent-free day.” Some 
subjects have multiple episodes of intubation within the 
incident hospitalization in which case we aggregate all of 
those ventilator days in the VFD calculation. We do not 
include other ICU times of ventilation such as operating 
room (OR) or post-anaesthesia care unit. If an enrolled 
subject comes to the ICU from the OR intubated, then 
those ICU ventilator hours or days count towards VFD 
whether the procedure was emergency or elective as long 
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as it occurred within the initial hospitalization. If the sub-
ject is discharged from the hospital and returns for more 
ventilator support, those days are not counted in the VFD 
calculation. Ventilator-free days will be compared using 
Wilcoxon rank sum test due to a possibility of non-nor-
mally distributed data.

Interim analyses {21b}
No interim analysis is planned for this efficacy clinical trial.

Methods for additional analyses (e.g. subgroup analyses) 
{20b}
There are two exploratory aims requiring analyses. The 
first exploratory aim is to compare post-ICU outcomes 
(physical/functional and psychological well-being; health-
related quality of life) between patients randomized to 
self-management of sedative therapy and those receiving 
nurse-administered sedative therapy. The analysis will be 
performed using univariable and multivariable linear or 
logistic regression approach as appropriate.

The second exploratory aim is to compare immedi-
ate post-extubation recollections of ICU and to explore 
any relationships among cognitive experiences (CAM-
ICU delirium presence/absence) and awareness (RASS 
scores) with mechanical ventilation complications 
(device disruption, self-extubation) and sedative expo-
sure between the two groups. Statistical comparisons 
between the groups using total scores on the 25-item 
ICE questionnaire, as well as its 4 main categories, will 
be performed using two-sample t-test or Wilcoxon rank 
sum test as appropriate. In an event there are baseline 
imbalances between the two groups, we will use the 
linear regression approach to adjust for those variables 
with imbalances. The analysis will be performed sepa-
rately for each of the three time points (24–48 h post-
extubation, 3 months, 6 months).

We acknowledge that the study aims are relevant to 
both male and female patients and that the sexes may 
respond differently to the experimental intervention. 
Thus, we will analyse the data separately by sex allow-
ing for the identification of sex-specific effects. The 
analysis will be performed using approaches as out-
lined above. Further, site-specific subgroup analysis 
will also be performed to account for potential differ-
ences in the management of mechanically ventilated 
patients. Power for such subgroup analysis will be lim-
ited due to the sample size.

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
The analysis will be performed using an intention-to-
treat approach. No imputations will be performed for 
missing data in this study.

Plans to give access to the full protocol, participant‑level 
data, and statistical code {31c}
Upon completion of all final analyses and acceptance 
of primary manuscripts for publication, a de-identified 
dataset will be made available upon request. Protocol 
information is available at www.​clini​caltr​ials.​gov.

Oversight and monitoring
Composition of the coordinating centre and trial steering 
committee {5d}
There is no coordinating centre or trial steering commit-
tee for this clinical trial.

Composition of the data monitoring committee, its role, 
and reporting structure {21a}
An independent Data and Safety Monitoring Board 
(DSMB) oversees the data integrity, recruitment sta-
tus, and safety of research subjects. The Midwest Area 
Research Consortium for Health (MARCH) DSMB is 
composed of two co-chairs, core members (11), ad hoc 
members inclusive of two physicians experienced in 
anaesthesiology and pharmacology per the sponsor’s 
request, and two non-voting staff members including a 
biostatistician. All members of the MARCH DSMB are 
independent from all members of the study investiga-
tors. The DSMB meets twice yearly with the study inves-
tigators and reviews all adverse events, serious adverse 
events, and accrual. A formal written report is formu-
lated and then sent to the principal investigators detailing 
any necessary action or follow-up. For example, early in 
the conduct of this clinical trial, the DSMB requested the 
formulation of an independent adverse event adjudica-
tion committee from each participating research site. The 
members of the independent adjudication committee 
receive summary reports of any protocol defined adverse 
events/serious adverse event for their review and attri-
bution of relatedness to the study protocol. Allocation 
of group assignment is not revealed to the adjudicators. 
These reports are subsequently submitted to the DSMB 
for their review.

Adverse event reporting and harms {22}
Adverse events (AEs) are detected in two ways. First, 
while the subject is in the ICU phase (i.e. 24 h follow-
ing extubation, study withdrawal, transfer out of ICU 
or 24 h after completing 7 days on protocol), subject 
assessors review the EMR and talk with the bedside 
RN. Subject assessors can be either study RNs or study 
physicians. Their goal is to detect events in the prior 
24 h such as hemodynamic changes, self-extubation, 
or new surgical procedures. Details are written on a 
case report form kept in the same binder as the subject 

http://www.clinicaltrials.gov
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assessment forms. Second, during EHR data abstrac-
tion for entry into the study database (which may 
occur weeks later), RN coordinators look for antici-
pated adverse events related to dexmedetomidine such 
as bradycardia and hypotension. Because the adverse 
events related to a sedation intervention are physiolog-
ically short-lived, we only record adverse events dur-
ing the ICU phase, not for the entire time to the last 
follow-up at 6 months.

Critical care physician investigators at each site 
review the AE reports and complete a form indicat-
ing the severity by Common Terminology Criteria for 
Adverse Events (CTCAE) definitions. They also record 
“action taken”, “outcome”, “relationship to study”, and 
whether the event was a serious adverse event requir-
ing expedited reporting to the overseeing agencies. 
After the first year of enrollment, the DSMB requested 
an additional level of adverse event interpretation. 
Each site chose two critical care physicians who were 
not part of the original study protocol or grant applica-
tion. They are given the subject’s medical record num-
ber and date of the AE and asked to review the EHR 
(while blinded to the study assignment) for events 
around that date. They complete a form with their 
interpretation of whether the AE was mild, moderate, 
severe, life-threatening, or death and whether the rela-
tionship of the event to the study was not related, pos-
sible related, probable related, or definite not related. 
Those results are presented to the DSMB for their 
scheduled reviews. The institutional IRBs, NIH, and 
FDA do not require this independent review.

Events are reported to the respective Institutional 
Review Board, the National Heart, Lung and Blood 
Institute representatives, and the Data Safety and 
Monitoring Board per regulations and within the time-
frames required based on the severity of the event and 
whether or not an event was unanticipated. Further-
more, a summary of all AEs/serious AEs is included 
in the annual continuing review reporting to the IRB 
at each participating site. The IRB then recommends 
the continuation of the study for another year and 
stipulates any further action needed, e.g., revision to 
the informed consent document if risk/benefit has 
changed.

Frequency and plans for auditing trial conduct {23}
An independent, external trial monitor audits the case 
report forms against the data entered into the RED-
Cap® database, study eligibility, and informed consent 
documents. These audits are conducted on a twice-
yearly basis, independent from the investigators and 
the sponsor.

Plans for communicating important protocol amendments 
to relevant parties (e.g. trial participants, ethical committees) 
{25}
Important protocol amendments will be communicated 
to potential trial subjects and/or their proxy representa-
tive in the informed consent document, most likely due 
to any new safety information about dexmedetomidine. 
We will also communicate any significant safety informa-
tion to our local IRBs, the independent Data and Safety 
Monitoring Board, the National Institute of Heart, Lung 
and Blood Institute, and the Food and Drug Administra-
tion as indicated.

Dissemination plans {31a}
The results will be disseminated via published manu-
scripts and poster and podium conference presentations 
to healthcare professionals.

Discussion
The conduct of this clinical trial has been severely ham-
pered by the global COVID-19 pandemic. This includes 
but is not limited to the need to conserve personal pro-
tective equipment for direct patient care only. In both 
institutions, non-COVID-specific research activities 
were temporarily halted for several months (Mayo Clinic 
mid-March 2020 through early July 2020; University of 
Minnesota between mid-March 2020 and mid-Septem-
ber 2020). COVID-19 patients remained ineligible for 
the study until they were deemed non-contagious per 
hospital infection control regulations due to the protec-
tion of research staff from infection, re-deployment of 
nursing staff to support COVID-19 institutional efforts, 
and institutional priority on patient enrolment for com-
pletion of COVID-19-specific critical care clinical trials. 
In addition, elective surgeries were cancelled early in the 
pandemic while other surgeries may be postponed or 
reduced in the current environment due to patient hesi-
tance to seek care or to enhance in-patient capacity. This 
has reduced the number of post-surgical patients who 
would have been routinely admitted to an ICU for res-
piratory management and who would have been eligible 
for study enrolment.

The practice of critical care and management of 
patients changes over the course of a 5-year clinical trial, 
in this case related to the management and use of seda-
tives as well as the use of ventilation techniques. For 
example, non-invasive respiratory support modalities 
have been used instead of invasive mechanical ventilation 
both at the onset (to avoid intubation) and during the 
resolution of respiratory failure to facilitate early extu-
bation. This change in practice greatly limited the enrol-
ment window as patients who otherwise fulfil the criteria 
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(intubation, hemodynamic stability, ability to use the but-
ton for self-management) are often extubated within 12 
h of meeting study criteria. It is imperative that research 
teams plan appropriately for how to manage practice 
changes that may impact the internal validity of a study 
protocol and the external validity of the research findings. 
As we learned from the COVID-19 pandemic, research 
teams should also have contingency plans for unforeseen 
circumstances that would impede the successful conduct 
of clinical trials.

Trial status
Screening for this clinical trial began in December 2016 
at the Mayo Clinic site and in April 2017 at the UMMC 
site. Currently, protocol version number 22 has been 
in effect since December 13, 2021. Enrolment of new 
research subjects is ongoing with anticipated completion 
of recruitment by October 30, 2022.
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decision about their participation in the study. The study staff provide ample 
opportunity for questions. Subjects are reminded that participation is entirely 
voluntary; they are free to change their mind at any time without penalty 
of access to care or benefits. The consenting process and signatures by the 
research staff, subject, and/or his/her LAR are completed before study activi-
ties begin. Confidentiality is managed according to the requirements of the 
US Health Insurance Portability and Accountability Act of 1996 (HIPAA). All 
consent and HIPAA documents containing personally identifiable data are 
secured in a locked file cabinet with access only to the study staff with IRB 
approval, Data and Safety Monitoring Board, study monitors, the FDA, and the 
NIH. These entities have access to these signed documents and data files if 
requested during monitoring visits or audit inspections.
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