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Abstract

Background: Poor sleep is common in the ICU setting and may represent a modifiable risk factor for patient
participation in ICU-based physical therapy (PT) interventions. This study evaluates the association of perceived
sleep quality, delirium, sedation, and other clinically important patient and ICU factors with participation in physical
therapy (PT) interventions.

Method: This was a secondary analysis of a prospective observational study of sleep in a single academic medical
ICU (MICU). Perceived sleep quality was assessed using the Richards-Campbell Sleep Questionnaire (RCSQ) and
delirium was assessed using the Confusion Assessment Method for the ICU (CAM-ICU). Other covariates included
demographics, pre-hospitalization ambulation status, ICU admission diagnosis, daily mechanical ventilation status,
and daily administration of benzodiazepines and opioids via bolus and continuous infusion. Associations with
participation in PT interventions were assessed among patients eligible for PT using a multinomial Markov model
with robust variance estimates.

Results: Overall, 327 consecutive MICU patients completed 21 assessment of perceived sleep quality. After
adjusting for all covariates, daily assessment of perceived sleep quality was not associated with transitioning to
participate in PT the following day (relative risk ratio [RRR] 1.02, 95 % Cl 0.96-1.07, p = 0.55). However, the following
factors had significant negative associations with participating in subsequent PT interventions: delirium (RRR 0.58,
95 % Cl 0.41-0.76, p <0.001), opioid boluses (RRR 0.68, 95 % CI 0.47-0.99, p = 0.04), and continuous sedation
infusions (RRR 0.58, 95 % CI 0.40-0.85, p =0.01). Additionally, in patients with delirium, benzodiazepine boluses
further reduced participation in subsequent PT interventions (RRR 0.25, 95 % CI 0.13-0.50, p <0.001).

Conclusions: Perceived sleep quality was not associated with participation in PT interventions the following day.
However, continuous sedation infusions, opioid boluses, and delirium, particularly when occurring with
administration of benzodiazepine boluses, were negatively associated with subsequent PT interventions and
represent important modifiable factors for increasing participation in ICU-based PT interventions.
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Background

Prolonged immobility is common in critical illness
[1-3] and associated with intensive care unit (ICU)-
acquired weakness [4, 5] which, in turn, is associated
with functional impairments and poor health-related
quality of life after hospital discharge [5-7]. Recent
evidence has demonstrated that early mobilization in
the ICU is feasible and safe [8-12], and may lead to
reductions in delirium [9, 10], duration of mechanical
ventilation [9, 13], and ICU length of stay [10, 13-16],
along with improved outcomes following hospital dis-
charge [17].

Despite the potential benefits of early mobilization,
various patient-related factors have been identified as
potential barriers to physical therapy (PT) interventions
in the ICU, including higher oxygen requirements,
continuous renal replacement therapy, multi-organ dys-
function, and sedating medications [18, 19]. Poor sleep
quality, which is common in ICU patients [20], nega-
tively affects physical functioning among those who are
not critically ill [21, 22]. This observation has led to
speculation that sleep may be an important and modifi-
able barrier to ICU-based PT interventions [23]; how-
ever, this association has not been empirically evaluated.
Hence, as part of a prospective ICU quality improve-
ment project [24], we evaluated the association of per-
ceived sleep quality, along with delirium, sedation and
other relevant factors, with subsequent participation in
PT interventions.

Methods

Project setting and design

This analysis examines the association between per-
ceived sleep quality, delirium, sedation and other clinic-
ally important patient and ICU factors with patient
participation in physical therapy (PT) interventions in
the ICU. This secondary data analysis was performed as
a part of a multi-faceted sleep quality improvement (QI)
project that occurred in the Johns Hopkins Hospital
Medical ICU (MICU) over 201 consecutive days from
January to July 2010 [24]. At the time of this project, the
MICU had 16 private rooms and a 1:2 registered nurse
(RN) to patient ratio. Importantly, this MICU has a
structured early mobilization program that includes daily
monitoring of patients’ status with respect to eligibility
for, and receipt of, PT interventions.

The sleep QI project evaluated consecutive patients
spending at least one night in the MICU. To evaluate
whether sleep quality influenced participation in PT in-
terventions, we evaluated the subset of patients admitted
to the MICU with a sleep assessment done immediately
prior to a day on which their PT status or MICU dispos-
ition was recorded. Only data from patients’ first MICU
admission were included.
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Primary outcome: participation in PT interventions
During the study period, all patients were screened for
eligibility for PT consultation using a standardized
protocol [25]. Within 24 hours of an order for PT
consultation, patients began daily assessments by a
physical therapist, including an assessment for medical
stability that included review of hemodynamic and re-
spiratory status, relevant laboratory data, and interim his-
tory [25, 26]. Daily PT interventions were tailored to the
level of impairment and activity tolerance of each patient.
PT status was recorded, on a daily basis, as a 5-level
categorical variable: (1) eligible for PT and participated
in a PT intervention, (2) eligible for PT and did not
participate in a PT intervention, (3) ineligible to partici-
pate in a PT intervention (e.g., no order for PT, no PT
staff available, or patient admitted after 2 pm), (4)
discharged from the ICU, or (5) died in the ICU.

Exposure variables

Perceived sleep quality was assessed daily using the
Richards-Campbell Sleep Questionnaire (RCSQ), a
validated 5-item questionnaire utilizing a 100-mm
visual-analogue scale to evaluate sleep depth, latency,
efficiency, quality, and number of awakenings. Higher
RCSQ scores represent better sleep and the average of
all scores represent overall sleep quality [27]. Each day,
all non-comatose, non-delirious patients were asked to
complete the RCSQ describing the previous night’s sleep.
If the patient was delirious or unable to complete the
survey due to communication barriers (i.e., non-English
speaking or unable to use a writing instrument), the
night shift nurse completed the RCSQ, based on prior
studies demonstrating high patient-nurse agreement on
the RCSQ in non-delirious patients [28, 29].

Other ICU exposure variables included delirium and
coma, which were assessed twice daily by trained MICU
nurses using the Confusion Assessment Method for the
ICU (CAM-ICU) [30] and Richmond Agitation Sedation
Scale (RASS) [31], respectively. Morning delirium status,
recorded prior to any attempted PT intervention, was
analyzed as a binary variable; if the morning assessment
was not recorded, the prior day’s evening assessment
was used. Coma was defined as a RASS score of —4 or -5,
as in prior research [32].

Additional ICU exposure variables included overnight
mechanical ventilation status (binary variable), and
administration of infusions and as-needed bolus doses of
benzodiazepine and opioid medications on the day prior
to attempted PT. Benzodiazepine and opioid infusions
were co-administered on 356 of 2020 (18 %) total patient-
days, which comprised 95 % of the 373 patient-days
(18 % of total patient-days) on which patients received
benzodiazepine infusions. Therefore, benzodiazepine and
opioid infusions were combined into a single “sedation
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infusion” variable. Propofol and dexmedetomidine in-
fusions were rarely used in this MICU during the project
and, hence, were not evaluated in this analysis. The
following baseline demographic and ICU covariates
also were included in the analysis: age, gender, race, pre-
ICU admission ambulation status, and ICU admission
diagnosis category.

Statistical analysis
Data were summarized using median and interquartile
range for continuous variables and proportions for cat-
egorical variables, with statistical comparisons of data
performed using Wilcoxon rank sum and chi-squared
tests, respectively.

We used a first-order Markov model [33] to estimate the
probability of participating in PT intervention, not partici-
pating in PT intervention, or being ineligible to participate
in PT on a given day, and then moving to one of the fol-
lowing five states on the subsequent day: participating in
PT intervention, not participating in PT intervention, be-
ing ineligible to participate in PT, ICU discharge, or death.

This first-order Markov model was fit using a multi-
nomial regression model, including fixed effects for the
PT status on the immediately preceding day and a robust
variance estimate to account for within-patient cluster-
ing of repeated daily assessments. We were specifically
interested in comparing the exposures influencing par-
ticipation vs. non-participation in PT interventions,
among those patients eligible for PT interventions, while
treating the other states as competing risks for this ana-
lysis. Therefore, in the multinomial model, the reference
category for the daily PT status outcome was set to “not
participating in PT intervention” and we report the rela-
tive risk ratio (RRR) comparing participation in PT vs. not
participation in PT, for each of the exposure variables. For
the bivariable analysis, each exposure variable was ana-
lyzed individually, and for the multivariable analysis, all
the exposure variables were included as covariates.

Appropriate modeling of continuous variables was
confirmed by evaluating their linear association with the
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log odds of participation in PT, using a locally weighted
scatterplot smoothing (LOWESS) plot [34]. The absence
of multicollinearity among variables in the regression
model was confirmed using variance inflation factors.
Potential statistical interactions between the primary
outcome and sleep quality, mechanical ventilation status,
administration of benzodiazepines and opioids, and par-
ticipation in PT interventions on the prior day were
assessed by including interaction terms in the Markov
model; a statistically significant interaction was noted
between delirium and benzodiazepine bolus doses and
was included in the final multivariable model.
Additionally, to evaluate for potential rater bias, we
performed a sensitivity analysis of the primary regression
model including only patient-completed RCSQs. Finally,
to compare baseline and intensive care variables strati-
fied by patient- and nurse-completed RCSQs, we used
linear, logistic, and multinomial regression for continu-
ous, binary, and categorical variables, respectively; these
regression analyses were adjusted for within-patient
clustering using a robust variance estimate. A two-sided
p <0.05 was used to denote statistical significance. All
analyses were performed using STATA version 13.1
(StataCorp LP, College Station, TX, USA). An institutional
review board (IRB) chair at Johns Hopkins University
reviewed this MICU-wide sleep project and determined
that it did not require patient consent or full IRB review.

Results
Patient demographics and ICU variables
During this project, 386 consecutive unique patients were
admitted to the MICU, accounting for 2020 patient-days.
To examine the association of sleep quality with PT
participation, we analyzed a subset of 327 patients,
contributing 1372 patient-days, for which there was a
valid sleep quality assessment on the night prior to
evaluation for PT intervention (Fig. 1).

Comparison of the 327 patients with at least one
patient-day included in the multinomial Markov model
versus the 59 patients with no eligible patient-days

~N

I 2020 total patient-days and 386 patients during the study period |

34 (2%) patient-days

Excluded due to missing PT status or disposition on day after completed sleep assessment

14 (4%) patients excluded based on this criterion

I 1986 (98%) patient-days and 372 (96%) patients remaining

614 (30%) patient-days

Excluded due to sleep assessments not being available:

45 (12%) patients excluded based on this criterion

1372 (68%) patient-days and 327 (85%) patients eligible for this analysis

may not total 100 % due to rounding

Fig. 1 Patient flow diagram. Percentage totals refer to the total number of patient-days and patients during the study period; individual values
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demonstrated no significant differences in age, gender,
pre-ICU ambulatory status, admission diagnosis category,
average sleep quality, ICU length of stay, and receipt
of mechanical ventilation, benzodiazepine boluses, or
sedation infusions (Table 1). However, as expected, the pa-
tients excluded from this analysis were less likely to ever
be delirious, more likely to ever be comatose, and more
likely to die in the ICU or hospital.

Patient participation in physical therapy interventions
For days when patients participated in PT interventions,
they were eligible to participate on 68 % of subsequent

Table 1 Baseline and intensive care variables
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days, with 53 % and 15 % continuing or discontinuing
participation, respectively (Table 2). Among days when
patients were eligible but did not participate in PT inter-
ventions, they participated on 23 % of subsequent days
and continued to not participate on 47 % of days.

Sleep quality

When comparing nightly RCSQ ratings prior to patient-
days with vs. without participation in PT interventions,
there was no significant difference in overall sleep qual-
ity (median [IQR] 56 [31-76] vs. 58 [34-75], p = 0.69),
or in any of the five individual RCSQ sleep quality items.

Characteristic or exposure All patients (n=386)  Excluded from analysis (n=59)  Included in analysis (n=327) P value®
Baseline variables
Age, median (IQR), y 55 (44-66) 55 (45-66) 55 (44-66) 0.88
Female sex, n (%) 189 (49) 28 (47) 161 (49) 0.80
Race, n (%) 0.03

White 167 (43) 17 (29) 150 (46)

Black 197 (51) 36 (61) 161 (49)

Other 22 (6) 6 (10) 16 (5)
Ambulatory status prior to ICU admission, n (%) 0.06

Ambulatory 282 (73) 37 (63) 245 (75)

Not ambulatory 30 (8) 4(7) 26 (8)

Unknown/missing 74 (19) 18 (31) 56 (17)
Intensive care variables
Admission diagnosis category, n (%) 0.92

Respiratory failure 122 (32) 20 (34 102 (31)

Gastrointestinal 58 (15) 7(12) 51 (16)

Sepsis, non-pulmonary 47 (12) 7 (12) 40 (12)

Cardiovascular 39 (10) 5(8) 34 (10)

Other 120 (31) 20 (34) 100 (31)
Average sleep quality, median (IQR)° 54 (40-68) 46 (0-73) 55 (40-68) 0.16
Ever received mechanical ventilation, n (%) 220 (57) 39 (66) 181 (55) 0.13
Ever deliriousS, n (%) 223 (58) 24 (41) 199 (61) 0.004
Ever comatoseS, n (%) 123 (32) 31 (53) 92 (28) <0.001
Ever received benzodiazepine bolus, n (%) 93 (24) 10 (17) 83 (25) 0.16
Ever received opioid bolus, n (%) 145 (38) 11 (19) 134 (47) 0.001
Ever received sedation infusion, n (%)° 139 (36) 25 (42) 114 (35) 0.27
Length of stay in ICU, median (IQR), d 3(2-6) 2 (2-6) 3(2-7) 045
Died in the ICU, n (%) 63 (16) 22 (37) 41 (13) <0.001
Died in the hospital, n (%) 91 (24) 28 (47) 63 (19) <0.001

IQR interquartile range, ICU intensive care unit *Calculated using Wilcoxon rank sum for continuous variables, and chi-squared test for categorical variables. Values

correspond to “Excluded from analysis” and “Included in analysis”

PRichards-Campbell Sleep Questionnaire (RCSQ) consisting of five measures of sleep quality using 100-millimeter visual-analogue scale. Overall sleep quality score
calculated by averaging the five sleep quality items on each RCSQ assessment. Higher scores represent better overall sleep quality
“As measured using the Confusion Assessment Method for the ICU (CAM-ICU) for delirium, and Richmond Agitation-Sedation Scale (RASS) for sedation. A RASS of

-4 or -5 was defined as a comatose state

Includes benzodiazepine and/or opioid infusions. During this study, benzodiazepine infusions were co-administered with opioid infusions on 356 of 373 (95 %)

patient-days, and these variables were therefore combined into a single variable
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Table 2 Participation in PT and/or PT status on day t and t+ 1°
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Day t Day t+ 1P

Participated  Did not participate  Ineligible to participate  Discharged Died in ICU, Missing, Total,

in PT,n (%) in PTS, n (%) in PTY n (%) from ICU, n (%) n (%) n (%) n (%)
Participated in PT 297 (53) 84 (15) 72 (13) 94 (17) 2 (0) 8 (1) 557 (100)
Did not participate in PT® 146 (23) 295 (47) 57 (9) 95 (15) 16 (3) 21 (3) 630 (100)
Ineligible to participate in PT¢ 91 (42) 28 (13) 26 (12) 68 (31) 1(0) 5(2) 219 (100)
No RCSQ assessment® 95 (15) 406 (66) 33 (5 36 (6) 44 (7) 0 (0) 614 (100)
Total 629 (31) 813 (40) 188 (9) 293 (15) 63 (3) 34(2) 2020 (100)

PT physical therapy, ICU intensive care unit, RCSQ Richards-Campbell Sleep Questionnaire
?Bold values highlight the 1372 patient-days included in the multinomial transition model

PRow percentage totals may not equal 100 % due to rounding

‘Including patient-days when patients were unavailable; decreased mental status (due to sedation medications or a primary CNS process); declined PT
intervention; were inappropriate (e.g., medically unstable, comfort care orders); or did not require PT interventions (e.g., at functional baseline)
dIncludes patient-days when order for PT was not placed, PT staff were unavailable, or when patient was admitted to the ICU after 2 pm (too late for

PT intervention)

€Of 614 patient-days when no RCSQ assessment was performed, patients were ineligible for assessment on 417 (68 %) patient-days due to comatose status. On

197 (32 %) patient-days, the RCSQ was incomplete or not performed

Moreover, when comparing the 724 patient-completed
versus 628 nurse-completed RCSQs, we observed no
difference in sleep quality ratings (median [IQR] 58
[33, 78] vs. 57 [35, 75], p=0.82) (Appendix Table 4).
Between these two groups, baseline characteristics were
generally similar; however, as expected, among intensive
care variables, nurse-completed RCSQ assessments were
more common while patients were mechanically venti-
lated, delirious and receiving benzodiazepine and/or opi-
oid infusion (Appendix Table 4).

Factors related to participation in PT interventions

Our regression analysis demonstrated no association
between sleep quality and daily participation in PT in-
terventions (RRR 1.02, 95 % confidence interval (CI)
0.96-1.07 per 10 points on RCSQ, p =0.55) (Table 3);
we observed a similar result in a sensitivity analysis in-
cluding only RCSQs scores completed by patients (RRR
1.05, 95 % CI 0.98-1.14 per 10 points on RCSQ, p = 0.15).
However, our analysis demonstrated a significant negative
association with participation in PT interventions among
patients who had received opioid boluses (RRR 0.68, 95 %
CI 0.47-0.99, p =0.04), and patients who had received a
sedation infusion (RRR 0.58, 95 % CI 0.40—-0.85, p = 0.01).
Additionally, race other than white or black (RRR 0.54,
95 % CI 0.30-0.90, p = 0.047) and non-ambulatory status
prior to hospitalization (RRR 0.48, 95 % CI 0.27-0.84,
p =0.01) were associated with not participating in PT in-
terventions. Finally, we found no association of mechan-
ical ventilation and participation in PT interventions
(RRR 1.10, 95 % CI 0.75-1.61, p = 0.64).

We observed a statistically significant interaction
(p = 0.03) between delirium and receipt of benzodiazepines
via bolus dosing, necessitating the inclusion of an inter-
action term in our multinomial model (Table 3). Compared
to patients who did not receive a benzodiazepine bolus and

had normal mental status, the relative risk of subsequently
participating in PT interventions was lower among both
delirious patients who did not receive and who did receive
benzodiazepine bolus doses (RRR 0.56, 95 % CI 0.41-0.76,
p <0.001, and 0.25, 95 % CI 0.13-0.50, p <0.001, respect-
ively). However, participating in PT interventions did not
differ among non-delirious patients receiving vs. not re-
ceiving benzodiazepine bolus doses (RRR 1.50, 95 % CI
0.88-2.54, p = 0.13).

Discussion

As part of a prospective QI project to improve sleep in a
medical ICU, we evaluated whether perceived sleep quality,
delirium, and sedation were associated with subsequent pa-
tient participation in PT interventions in the ICU. In our
analysis of 327 patients over 1372 ICU days, we found no
association between daily perceived sleep quality ratings
and participation in PT interventions on the following day.
However, sedation infusions, opioid boluses, and delirium
in the ICU, particularly when occurring along with benzo-
diazepine boluses, were strongly associated with patients
not participating in PT interventions on the following day.

This analysis was motivated by prior studies in non-ICU
patients demonstrating [35-40] lower levels of physical
functioning following poor sleep in both chronically ill
[22] and elderly adults [21, 41, 42]. These findings suggest
that sleep may affect patient participation in physical ther-
apy [43], and that poor sleep might affect ICU outcomes
by impairing participation in PT interventions in the ICU
setting [23].

In our analyses, we did not observe an association
between daily perceived sleep quality and subsequent
participation in PT interventions. This result is con-
sistent with a study demonstrating no association be-
tween sleep and physical activity in elderly patients in
a general medicine unit [44], suggesting that more
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Table 3 Factors associated with daily participation in PT interventions in the ICU

Variable Bivariable RRR (95 % Cl) P value® Multinomial RRR (95 % Cl) P value®
Overall sleep quality, per 10 points on RCSQ“ 0.99 (0.94-1.05) 0.77 1.02 (0.96-1.07) 0.55
Baseline variables
Age, per year 1.00 (0.99-1.01) 0.59 1.00 (0.99-1.02) 0.50
Female sex 0.84 (0.57-1.23) 0.37 0.78 (0.54-1.13) 0.19
Race
White REF
Black 0.76 (0.54-1.06) 0.10 0.84 (0.58-1.23) 037
Other 0.72 (040-1.32) 0.29 0.54 (0.30-0.99) 0.047
Ambulatory status prior to ICU admission
Ambulatory REF
Not ambulatory 0.83 (049-1.40) 048 048 (0.27-0.84) 0.01
Unknown/missing 0.78 (0.47-1.30) 0.34 0.98 (0.58-1.67) 0.95
Intensive care variables®
Admission diagnosis category
Respiratory failure REF
Gastrointestinal 0.95 (0.50-1.80) 0.86 0.94 (0.49-1.81) 0.86
Sepsis, non-pulmonary 0.87 (0.56-1.36) 0.56 0.78 (0.45-1.36) 0.38
Cardiovascular 1.19 (0.63-2.23) 0.59 1.06 (0.56-2.02) 0.86
Other 1.09 (0.70-1.69) 0.70 1.15 (0.75-1.76) 0.52
Mechanically ventilated 0.93 (0.66-1.32) 0.69 1.10 (0.75-1.61) 0.64
Delirious state® 0.50 (0.37-0.68) <0.001
Received benzodiazepine bolus dose 3 (0.75-1.70) 0.56
Received opioid bolus dose 0.86 (0.60-1.22) 040 0.68 (0.47-0.99) 0.04
Received sedation infusion® 0.59 (0.42- 0.81) 0.001 0.58 (0.40-0.85) 0.01
Did not receive benzodiazepine bolus and normal mental status®' REF
Received benzodiazepine bolus and normal mental status®! 1.50 (0.88-2.54) 0.13
Delirious state and did not receive benzodiazepine bolus®f 0.56 (0.41-0.76) <0.001
Delirious state and received benzodiazepine bolus® f 0.25 (0.13-0.50) <0.001

PT physical therapy, ICU intensive care unit, RRR relative risk ratio, CI confidence interval, RCSQ Richards-Campbell Sleep Questionnaire

Calculated using a first-order Markov multinomial regression model, with robust variance estimates to account for within-patient clustering of repeated daily
assessment of participation in PT interventions. RRR >1 interpreted as having greater participation with PT intervention on the following day

PDaily ICU variables measured the day before assessment for participation with PT intervention

“Scored using 100-mm visual-analogue scale, with higher scores representing better sleep quality

4Measured by the Confusion Assessment Method for the ICU (CAM-ICU) on the morning prior to attempted PT

€Includes benzodiazepine and/or opioid infusions. During this study, benzodiazepine infusions were co-administered with opioid infusions on 356 of 373 (95 %)

patient-days, and these variables were therefore combined into a single variable

fAssessed using interaction term in the multivariable regression model

severe illness, or unmeasured confounders in the inpatient
environment, may blunt the positive effects of sleep quality
on physical activity. Additionally, we used the RCSQ to
measure perceived sleep quality, given its previous valid-
ation in the ICU setting [27]. However, prior studies associ-
ating sleep and subsequent physical activity utilized other
methods to quantify sleep, such as actigraphy [41, 42] and
the Pittsburgh Sleep Quality Index [21, 22]. These differ-
ences in methodology for sleep measurement may
have also contributed to variability in results.

Notably, we found that patients with delirium had
decreased participation in PT interventions. This finding

builds on prior studies that have observed that patients
with greater organ dysfunction and oxygen requirements
[19, 45] experience delays in participation in PT interven-
tions. One of these studies also reported delayed participa-
tion in PT among patients with deep sedation/coma [19],
but was underpowered to detect a similar association in
patients with delirium. Hence, this analysis makes an im-
portant new contribution in demonstrating an independ-
ent negative association of delirium with participating in
PT interventions.

Furthermore, our analysis did not reveal an association
between receiving mechanical ventilation and participation
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in PT interventions, contrasting with previous work [19].
Prior studies report that mechanically ventilated patients
rarely participate in PT interventions [1, 3] despite evi-
dence that doing so is safe [8—12] and may be benefi-
cial [9, 10, 15]. Our analysis empirically demonstrates
that mechanical ventilation alone may not impede pa-
tient participation with PT interventions, but sedation
and delirium, commonly co-occurring with mechanical
ventilation, may be the underlying important barriers to
PT interventions [1].

Our findings are consistent with prior research dem-
onstrating that continuous infusions of sedative medica-
tions negatively affect delivery of PT interventions in
ICU patients [18, 45]. Additionally, our analyses demon-
strated a negative association with participation in PT
interventions with opioid boluses and with benzodiazep-
ine boluses given in the presence of delirium. Since these
bolus medications are often given in the setting of pain
and anxiety, future studies should specifically examine
the association of these specific symptoms with partici-
pation in PT interventions. Nevertheless, our findings
support recent clinical practice guidelines suggesting
fewer negative consequences of non-opioid and non-
benzodiazepine sedation regimens [46], and that the use
of sedation medications and delirium may be modifiable
barriers to improving rehabilitation in the ICU setting.

Finally, among the baseline variables included in our
model, we found that patients with a race other than
white or black were less likely to participate in PT inter-
ventions. This was an unexpected finding. However, be-
cause only 16 (5 %) of the 327 patients in our analysis
were neither white nor black, there is little data support-
ing this finding. On the other hand, as expected, patients
who were not ambulatory prior to ICU admission (i.e.,
those with greater baseline functional impairment) were
less likely to participate in PT interventions, possibly
highlighting a patient subset with differing requirements
or goals for PT interventions in the ICU.

Our analysis has several potential limitations. First, we
analyzed participation in PT interventions as a binary
variable (i.e., having occurred or not occurred), poten-
tially missing any potential association between sleep
quality with the degree of participation in PT interven-
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tions (i.e., better sleep quality may have permitted higher
level interventions to be performed).

Second, we used the RCSQ to assess sleep quality, as it
had previously been validated against polysomnography
(PSG) in the ICU setting [27] and was feasible to collect
daily in all ICU patients. However, in our study, when
patients were delirious or unable to complete the RCSQ,
the nurses completed the RCSQ on the patient’s behalf.
While prior studies have found high patient-nurse agree-
ment on the RCSQ [28, 29], a separate sub-analysis con-
ducted as part of our sleep QI project found that our
MICU nurses tended to overestimate sleep quality on the
RCSQ [47], potentially biasing our results. However, a sen-
sitivity analysis including only patient-reported RCSQ
scores demonstrated similar findings to our primary results
which helps to minimize this concern. Nonetheless, future
studies in this field should explore other measures of sleep.

Third, there was missingness in the RCSQ data. How-
ever, these missing data represented <10 % of all patient-
days included in the analysis, and given that the associ-
ation of sleep quality with subsequent participation in PT
did not trend toward significance, these missing data likely
would not have materially changed our overall findings.

Fourth, in evaluating the effect of opioid and benzodi-
azepine medications, we did not have access to daily
drug dosages, thus limiting our ability to evaluate a
dose-dependent interaction. Fifth, generalizability of our
findings may be limited, as this project involved a single
MICU with a pre-existing structured early rehabilitation
program [10, 48].

Conclusions

In this prospective study in a MICU, we did not observe an
association between perceived sleep quality and subsequent
participation in PT interventions. However, sedation infu-
sions, opioid boluses, delirium, and benzodiazepine boluses
(in the presence of delirium) all significantly decreased
subsequent participation in PT interventions, repre-
senting important modifiable barriers to optimizing
patient participation in rehabilitation in the ICU. These
findings provide additional rationale and support for ICU
clinical practice guidelines recommending minimization
of sedating medications and delirium prevention efforts.

Appendix

Table 4 Intensive care variables by patient- versus nurse-completed RCSQ

Characteristic or exposure All patient-days with Patient-completed Nurse-completed P value®
completed RCSQ (n=1372) RCSQ (n=724) RCSQ (n =648)

Overall sleep quality, per 10 points on RCSQP 58 (33-77) 58 (33-78) 57 (35-75) 0.82

Baseline variables

Age, median (IQR), y 55 (45-66) 57 (45-68) 53 (44-65) 0.02

Female sex, n (%) 568 (41) 297 (41) 271 (42) 0.89
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Table 4 Intensive care variables by patient- versus nurse-completed RCSQ (Continued)
Race, n (%) 0.87
White 694 (51) 388 (54) 306 (47)
Black 517 (38) 235 (32) 282 (44)
Other 161 (12) 101 (14) 60 (9)
Ambulatory status prior to ICU admission, n (%) 0.08
Ambulatory 1000 (73) 546 (75) 454 (70)
Not ambulatory 194 (14) 124 (17) 70 (11)
Unknown/missing 178 (13) 54 (7) 124 (19)
Intensive care variables
Admission diagnosis category, n (%) 0.90
Respiratory failure 660 (48) 346 (48) 314 (48)
Gastrointestinal 120 (9) 67 (9) 53 (8)
Sepsis, non-pulmonary 164 (12) 80 (11) 84 (13)
Cardiovascular 109 (8) 60 (8) 49 (8)
Other 319 (23) 171 (24) 148 (23)
Mechanically ventilated, n (%) 873 (64) 402 (56) 471 (73) 0.001
Delirious state' n (%)" 550 (40) 60 (8) 490 (76) <0.001
Received benzodiazepine bolus dose, n (%) 176 (13) 97 (13) 79 (12) 0.67
Received opioid bolus dose, n (%) 276 (20) 168 (23) 108 (17) 0.03
Received benzodiazepine and/or opioid infusion, n (%) 227 (17) 39 (5) 188 (29) <0.001

RCSQ Richards-Campbell Sleep Questionnaire, IQR interquartile range, ICU intensive care unit
Calculated using linear, logistic, and multinomial regression for continuous, binary, and categorical variables; all regression analyses were adjusted for within-patient

clustering using a robust variance estimate

PRichards-Campbell Sleep Questionnaire (RCSQ) consisting of 5 measures of sleep quality using 100-millimeter visual-analogue scale. Overall sleep quality score
calculated by averaging the 5 sleep quality items on each RCSQ assessment. Higher scores represent better overall sleep quality
“As measured using the Confusion Assessment Method for the ICU (CAM-ICU) for delirium
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