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BACKGROUND: Delirium is a deleterious condition affecting up to 60% of patients in the
surgical ICU (SICU). Few SICU-focused delirium interventions have been implemented,
including those addressing sleep-wake disruption, a modifiable delirium risk factor common
in critically ill patients.

RESEARCH QUESTION: What is the effect on delirium and sleep quality of a multicomponent
nonpharmacologic intervention aimed at improving sleep-wake disruption in patients in the
SICU setting?

STUDY DESIGN AND METHODS: Using a staggered pre-post design, we implemented a quality
improvement intervention in two SICUs (general surgery or trauma and cardiovascular) in
an academic medical center. After a preintervention (baseline) period, a multicomponent
unit-wide nighttime (ie, efforts to minimize unnecessary sound and light, provision of ear-
plugs and eye masks) and daytime (ie, raising blinds, promotion of physical activity) inter-
vention bundle was implemented. A daily checklist was used to prompt staff to complete
intervention bundle elements. Delirium was evaluated twice daily using the Confusion
Assessment Method for the Intensive Care Unit. Patient sleep quality ratings were evaluated
daily using the Richards-Campbell Sleep Questionnaire (RCSQ).

RESULTS: Six hundred forty-six SICU admissions (332 baseline, 314 intervention) were
analyzed. Median age was 61 years (interquartile range, 49-70 years); 35% of the cohort were
women and 83% were White. During the intervention period, patients experienced fewer
days of delirium (proportion � SD of ICU days, 15 � 27%) as compared with the pre-
intervention period (20 � 31%; P ¼ .022), with an adjusted pre-post decrease of
4.9% (95% CI, 0.5%-9.2%; P ¼ .03). Overall RCSQ-perceived sleep quality ratings did not
change, but the RCSQ noise subscore increased (9.5% [95% CI, 1.1%-17.5%; P ¼ .02).

INTERPRETATION: Our multicomponent intervention was associated with a significant
reduction in the proportion of days patients experienced delirium, reinforcing the feasibility
and effectiveness of a nonpharmacologic sleep-wake bundle to reduce delirium in critically ill
patients in the SICU.
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Take-home Points

StudyQuestion: In two academic surgical ICUs, what
is the effect of a multicomponent nonpharmacologic
intervention aimed at improving sleep-wake disrup-
tion on delirium and sleep quality ratings?
Results: Compared with an 8- to 12-week pre-
intervention baseline period, the 8- to 12-week
intervention led to significant reductions in the
proportion of days patients in the surgical ICU
experienced delirium (15% vs 20%) with no signifi-
cant changes in overall sleep quality ratings.
Interpretation: Implementation of a multicompo-
nent nonpharmacologic sleep-wake intervention in
surgical ICU settings is feasible and is associated with
a reduced prevalence of delirium.
Critically ill patients in the ICU often experience
delirium, a deleterious problem associated with short-
term and long-term cognitive, physical, and mental health
impairments, prolonged length of stay (LOS), and early
death.1-6 As a preventable and often hospital-acquired
problem, ICU delirium is expensive, costing the US health
care system more than $148 billion annually.2,4,7,8
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Rising awareness about delirium has brought attention
to the surgical ICU (SICU) setting, where delirium
affects up to 60% of patients after surgery.9 Although
SICU and nonsurgical ICU patients share many
delirium risk factors,10,11 several perioperative factors
are specific to surgical patients, including anesthesia
medications, pain, and operative time.12-15 These and
other modifiable factors10,11 make delirium an
attractive target for quality improvement (QI)
interventions, including those focused on sleep-wake
disruption, a common problem during critical illness
believed to be associated with delirium.16-18 Sleep in
the ICU is characterized by fragmentation, a lack of
restorative stages, and predominance during the
daytime hours.19,20 Prior ICU sleep QI interventions
led to reductions in delirium, but involved fewer than
350 patients in predominantly medical or medical-
surgical units.21-23 Evaluating the effect of sleep
interventions on delirium is needed,23,24 and because
prior efforts, to our knowledge, did not focus on SICU
patients, we performed a multicomponent QI
intervention to improve delirium and sleep-wake
disruption in two ICUs in an academic medical
center.
Methods
Intervention Setting and Design

This QI intervention was conducted in two ICUs in a tertiary care
academic medical center, a 12-bed SICU and a 20-bed cardiovascular
ICU (CVICU). The SICU comprised mostly trauma and general
surgical patients, whereas the CVICU comprised cardiothoracic surgery
and cardiac patients undergoing procedures, including those requiring
mechanical circulatory support. Patients primarily were in a
postoperative period, except for nonsurgical cardiovascular patients
requiring ICU admission (ie, after Impella [Abiomed] or intra-aortic
balloon pump placement). ICU care teams included a 24-h in-house
intensivist, fellows, residents, a nurse practitioner or physician assistant,
and a respiratory therapist. Daytime teams also included a critical care
pharmacist; physical, occupational, and speech therapists; and a
dietician. Both ICUs were staffed at a 1:2 or 1:1 nurse to patient ratio.

Following an established QI framework25 and building on prior
successful ICU-based sleep interventions, we assembled a
multidisciplinary team and designed and implemented a
multicomponent sleep-wake intervention comprising staff-led
patient-centered and unit-wide actions to improve the ICU
environment (e-Appendix 1).21,22 Because the 2018 Pain, Agitation/
Sedation, Delirium, Immobility, and Sleep guidelines had not been
published at the time of the intervention,26 our team leveraged
experiences of nurses and aids and used a previously published sleep
QI checklist21 and a Plan-Do-Study-Act process to identify candidate
sleep improvement interventions, which then were reviewed by an
ICU sleep expert (B. B. K.).27 In the two involved ICUs, the
intervention was implemented in stages, starting with an 8- or 12-
week baseline usual care period (SICU, October-December 2017;
CVICU, October 2017-January 2018) and followed by an 8- or 12-
week intervention period (SICU, December 2017-March 2018;
CVICU, January-March 2018). Environmental interventions to
promote daytime wakefulness included: turning on lights, opening
windows and doors, provision of eyeglasses and hearing aids,
encouragement of physical and cognitive activities to prevent
napping, daytime supply restocking, and avoiding caffeine after 3 PM.
At 10 PM each day, nighttime interventions to promote sleep were
encouraged, including: turning televisions off, closing doors and
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curtains, minimizing unnecessary alarms, dimming lights, encouraging
family to facilitate bedtime (by leaving or not disturbing the patient),
offering eye masks and earplugs, and clustering patient care activities
(e-Appendix 1). Because our effort was ICU-wide, all patients in
both ICUs were considered for all intervention components.

Before intervention implementation, designated ICU sleep champions
(J. E. T., A. D., K. L., S. H., and J. B.) educated staff regarding sleep-
wake disruption, delirium, and daytime and nighttime interventions.
A daily sleep-wake bundle checklist prompted intervention completion
(e-Appendix 1) and was reinforced by champions using verbal
prompts, e-mails, and flyers, along with weekly education and
interdisciplinary meetings and daily sleep champion rounds to obtain
feedback from the overnight team regarding the previous night’s
interventions. During this effort, no other delirium interventions were
carried out in the involved ICUs. Because this intervention aimed to
promote standard bedside practices, the local institutional review
board deemed it QI. All findings were reported according to the
Standards for Quality Improvement Reporting Excellence guidelines
(e-Appendix 1).28

Outcome Measures

Data were collected until ICU discharge or death for all patients $ 18
years of age admitted to the SICU or CVICU during the
preintervention (baseline) and intervention periods, with mortality
data collected until hospital discharge. The primary outcome was ICU
delirium, evaluated by bedside staff using the Confusion Assessment
Method for the ICU (CAM-ICU).29,30 As part of this assessment, level
of consciousness was evaluated using the Riker Sedation-Agitation
Scale (SAS),31 a 1-to-7 scale (1 ¼ unarousable; 2 ¼ very sedated,
responsive only to physical stimuli; 3 ¼ sedated, responsive to verbal
stimuli or gentle touch; 4 ¼ calm and cooperative; 5 ¼ agitated; 6 ¼
very agitated; and 7 ¼ dangerously agitated). Per unit standard, the
CAM-ICU and Riker SAS were completed by nurses twice daily,
including on ICU admission. In patients with coma, defined as a
Riker SAS score of 1 or 2, sedative agents were reduced or stopped
and were re-evaluated for delirium when Riker SAS score was $ 3.

Perceived nighttime sleep quality was evaluated using the Richards-
Campbell Sleep Questionnaire (RCSQ), a five-item validated
questionnaire evaluating the following characteristics of nighttime
sleep: (1) depth, (2) latency (time to fall asleep), (3) number of
awakenings, (4) efficiency (percent of time awake), and (5) quality.21

RCSQ responses were recorded on 100-mm visual analog scales, with
higher scores representing better sleep and the mean of all five items
representing overall sleep quality (primary sleep outcome). Each
morning during the preintervention and intervention periods,
patients were asked to complete the RCSQ; if not comatose (ie, Riker
SAS score $ 3) but delirious, the RCSQ was completed by the
patient’s nighttime nurse, as described previously.21 Consistent with
prior studies, our questionnaire included a separate sixth item
evaluating perceived nighttime noise.21 All forms were entered into
the Research Electronic Data Capture application.32

Demographic and Clinical Variables

Demographic and clinical data were obtained from the institutional
electronic data warehouse and included age, race, and ethnicity;
clinical variables included admission diagnosis category, Charlson
Comorbidity Index (CCI),33 Medicare Severity-Diagnosis Related
Group score, and daily presence of life-supporting therapies,
including mechanical ventilation, continuous renal replacement
therapy, and mechanical circulatory support devices (ie,
extracorporeal membrane oxygenation, Impella, and intra-aortic
balloon pump). Additionally, patients (or proxies if unable)
completed a brief home sleep questionnaire, adapted from the
Pittsburgh Sleep Quality Index,34 inquiring about home sleep quality,
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presence of pre-existing sleep disorders, and using television and
medications to sleep at home.21

Statistical Analysis

Demographic and clinical characteristics were stratified across the
preintervention and intervention periods. Continuous variables were
compared using Student t test or the Wilcoxon rank-sum test, and
categorical variables were compared using the c 2 or Fisher exact
test. The analysis was conducted at the patient level and involved
only each patient’s first admission.

Our primary analysis involved comparison of delirium, as measured
using the CAM-ICU, across the preintervention and intervention
periods. Our analysis required consideration of death, discharge, and
comatose status, factors that could preclude delirium evaluation. For
example, the presence of death or coma could suggest lower delirium
prevalence, whereas a patient with a shorter LOS could experience a
high daily delirium rate. To address these issues, we considered a
statistical method involving joint modeling of daily delirium status
and death or discharge35; however, existing software packages
misclassified death and discharge as identical events, and therefore,
we used a simpler model involving the percentage of days that
noncomatose ICU patients experienced delirium, with $ 1 positive
CAM-ICU assessment constituting a delirious day. Compared with
using a daily binary variable or days of delirium, the proportion of
ICU days with delirium weighs each admission equally because
delirium potentially was associated with a patient’s LOS. Although
this approach loses power to detect a pre-post intervention effect on
delirium, it avoids misclassification of death and discharge as
identical events.

The effect of our intervention was modeled using multivariate linear
regression for the outcome of the average proportion of ICU days a
patient experienced delirium comparing the postintervention and
preintervention periods. To account for possible nonconstant
variance, we used a bootstrap procedure resampling patients 2,000
times and computing 95% bias-corrected and accelerated CIs.36

Further methodologic details are reported in e-Appendix 1.

The main secondary outcome included patient-reported sleep quality
and noise ratings, as measured using the RCSQ. The effect of our
intervention on RCSQ outcomes was analyzed using an interrupted
time-series framework using a generalized estimating equation linear
regression model with project time, a main effect of postintervention
vs preintervention, and time after the intervention. Under this
approach, both the immediate intervention effect and a change in
RCSQ slope across the preintervention and intervention periods was
estimated.37 CIs were estimated using percentile method
bootstrapping, and P values came from a generalized estimating
equation model with robust SEs. To account for possible interrater
differences in RCSQ scores, our regression model also included a
covariate for rater (nurse vs patient).21

Covariates for the primary analysis were selected a priori based on
variables previously shown to be associated with delirium and
included type of ICU (SICU or CVICU),8,11,38 age,38 sex,8 race,
admission category8,11,38 (ie, cardiothoracic surgery, trauma or
general surgery, cardiology), sleep medication use at home,21,38

CCI,38,39 and coma on first ICU assessment.11 Covariates for the
secondary analysis were selected a priori based on variables
previously associated with sleep quality in critically ill patients and
included age,40-43 sex,41,42 CCI,44 history of sleep problems,41,44

respondent (nurse vs patient),21 using television to sleep at home,41

admission category,41 coma at first ICU assessment,45 and mechanical
ventilation.41,46,47 During the project period, nearly all patients received
continuous nasojejunal tube feedings; hence, nutrition status was not
included as a covariate.
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To test the durability of our findings, we performed several sensitivity
analyses. First, we examined the efficacy of our intervention on
delirium status using a joint modeling approach (e-Appendix 1).35

We also conducted sensitivity analyses for our main model using
different ICU exposure times (7 days, 21 days, and all ICU days),
combining coma and delirium as a composite outcome, analyzing
902 Original Research
postoperative patients only (excluding nonoperative cardiac patients),
and restricting the analyses to patients with coma on first ICU
assessment who subsequently became more alert (e-Appendix 1). All
statistical analyses were conducted in R version 3.4 software (R
Foundation for Statistical Computing). Statistical significance was
defined as a two-sided P < .05.
Results

Baseline and ICU Variables

During the project, 646 surgical ICU patients (332
preintervention, 314 intervention) underwent at least
one CAM-ICU assessment during their first admission
and were included in our analysis. These 646 patients
had a median age of 61 years (interquartile range [IQR],
49-70 years), 35% were women, and 83% were White
(Table 1). Patients present during the preintervention
vs intervention period demonstrated fewer pre-existing
comorbidities (median CCI, 2 [IQR, 1-5] vs 3 [IQR, 1-5];
P < .04) and were less likely to report a history of sleep
problems (28% vs 37%; P ¼ .01), to report bad home
sleep quality (15% vs 23%; P < .001), and to report use
of a television to sleep at home (16% vs 24%; P < .001).
No significant difference in patient distribution between
ICUs was noted (P ¼ .06 for group). Similarly, the
preintervention vs intervention periods included more
general or trauma surgery patients (45% vs 36%) and
fewer cardiovascular patients (47% vs 58%; P ¼ .03 for
group). No significant preintervention vs intervention
differences were observed in ICU or hospital LOS or in
the proportion of days patients received mechanical
ventilation, mechanical circulatory support, or
continuous renal replacement therapy (Table 1).

Sleep-Promoting Interventions

The environmental intervention completion rate during
the intervention stage is reported in e-Table 1. Briefly,
some sleep-wake-promoting interventions were highly
completed (eg, day: blinds raised, 93% of patient days;
mobility or chair position daily, 58%; night: lights
dimmed, 93% of patient nights; stop sign on door, 93%;
minimizing nurse interruptions after 10 PM, 86%),
whereas some were carried out infrequently (use of eye
masks, 2%).

Delirium Outcome

Comparing the preintervention with the intervention
period, SICU patients saw a similar number of days with
a recorded CAM-ICU (median, 3 days [IQR, 2-5 days]
before intervention vs 3 days [IQR, 2-6 days] during
intervention; P ¼ .22) and number of daily CAM-ICU
assessments (median, 1.7 days [IQR, 1-2 days]
vs 1.7 days [IQR, 1-2 days]; P ¼ .29) (Table 1). Across
the first 14 ICU days, a significant reduction was found
in proportion of days with $ 1 CAM-ICU assessments
with positive results per day per patient (mean � SD, 17
� 28% before intervention vs 13 � 25% during
intervention; P ¼ .02 [Table 1]; unadjusted difference,
–5.3% [95% CI, –9.8% to –0.7%]; P ¼ .02 [Table 2]) and
proportion of positive CAM-ICU assessments (mean �
SD, 20 � 31% vs 15 � 28%; P ¼ .02 [Table 1]; adjusted
difference, –4.9% [95% CI, –9.2% to –0.5%]; P ¼ .03
[Table 2]). Unadjusted time to first delirium is shown in
Figure 1.

RCSQ Ratings

Overall, 1,821 RCSQs were collected, of which 564
(31%) were completed by patients. Across the
preintervention and intervention periods, no significant
difference was found in RCSQ overall sleep quality
rating (median, 52 [IQR, 37-69] vs 55 [IQR, 41-69];
adjusted difference, 3.4 [95% CI, –5.2 to 11.5]; P ¼ .43)
(Table 3). In the intervention period, patients reported
higher perceived noise scores in the unadjusted (median,
65 [IQR, 50-79] vs 71 [IQR, 59-85]) and adjusted
(adjusted difference, 9.5 [95% CI, 1.1-17.3]; P ¼ .02)
analyses (Table 3).

Sensitivity Analyses

In sensitivity analyses, when delirium was modeled
jointly as a recurrent event with death or discharge, the
intervention was associated with a reduced hazard of
delirium (e-Table 2). Significant reductions in delirium
also were observed in sensitivity analyses involving
varying lengths of ICU stay (e-Tables 3, 4, and 5), a
composite outcome of days with either delirium or coma
(e-Tables 6 and 7), excluding nonoperative
cardiovascular patients (e-Table 8) and involving only
patients who had coma on first ICU assessment, but
subsequently were more alert (e-Table 9).
Discussion
We demonstrated that a prospective, sequentially
implemented QI intervention to ameliorate sleep-wake
disruption was associated with reduced prevalence of
delirium among patients in surgical ICU settings. In
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TABLE 1 ] Patient Characteristics

Variable
All Patients
(N ¼ 646)

Preintervention
(n ¼ 332)

Intervention
(n ¼ 314) P Valuea

Baseline variables

Age, y 58 � 17 58 � 16 58 � 17 .94

Female sex 226 (35) 118 (36) 108 (34) .76

White race 535 (83) 274 (83) 261 (83) .84

Hispanic/Latino ethnicityb 49 (8) 24 (7) 25 (8) .47

Charlson Comorbidity Indexc 2 (1-5) 2 (1-5) 3 (1-5) .04

History of sleep problems 208 (32) 92 (28) 116 (37) .01

Home sleep quality

Very good 113 (18) 50 (15) 63 (20)

Somewhat good 161 (25) 82 (25) 79 (25) .001

Bad 123 (19) 50 (15) 73 (23)

Unknown 249 (39) 150 (45) 99 (32)

Use television to sleep at home 130 (20) 54 (16) 76 (24) < .001

Home sleep medication use 152 (24) 73 (22) 79 (25) < .001

ICU variables

Admitting ICUd

Surgical 295 (46) 165 (50) 130 (41) .06

Cardiovascular 340 (53) 160 (48) 180 (57)

Admission categorye

General or trauma surgery 256 (40) 146 (45) 110 (36)

Cardiothoracic surgery 207 (32) 100 (31) 107 (35) .03

Cardiovascular 127 (20) 54 (17) 73 (24)

MS-DRG weight 5 (2-7) 4 (2-7) 5 (2-7) .89

Days with mechanical ventilation, %f 31 � 40 33 � 41 29 � 39 .33

Days with mechanical circulatory support, %f 3 � 13 2 � 13 3 � 14 .50

Days with continuous renal replacement therapy, %f 4 � 17 4 � 18 4 � 16 .75

ICU LOS, d 3 (2-6) 3 (2-6) 4 (2-7) .28

Hospital LOS, d 9 (5-14) 9 (5-14) 8 (5-15) .76

Died in ICU 40 (6) 20 (6) 20 (6) .86

Delirium outcomes

Absolute days with a recorded CAM-ICU assessment 3 (2-6) 3 (2-5) 3 (2-6) .22

Absolute CAM-ICU assessments/d 1.7 (1-2) 1.7 (1-2) 1.7 (1-2) .29

Days with $ 1 CAM-ICU assessment with positive results, %g 15 � 27 17 � 28 13 � 25 .02

Days with CAM-ICU assessment with positive results, %g 18 � 30 20 � 31 15 � 28 .02

Data are presented as No. (%), mean � SD, or median (interquartile range), unless otherwise indicated. CAM-ICU ¼ Confusion Assessment Method for the
Intensive Care Unit; CCI ¼ Charlson Comorbidity Index; LOS ¼ length of stay; MS-DRG ¼ Medicare Severity-Diagnostic Related Group.
aCalculated using the Student t test or Wilcoxon rank-sum test for continuous variables and the c 2 test or Fisher exact test for categorical variables.
bUnknown/no response: all, n ¼ 22 (3%); preintervention, n ¼ 8 (2%); and intervention, n ¼ 14 (5%).
cData missing for 2 (1%) preintervention and 1 (0%) intervention patient.
dBoth ICUs response: all, n ¼ 11 (2%); preintervention, n ¼ 7 (2%); and intervention, n ¼ 4 (1%).
eOther response: all, n ¼ 48 (8%); preintervention, n ¼ 28 (9%); and intervention, n ¼ 20 (7%). Data missing for 4 (1%) preintervention and 4 (1%)
intervention patients.
fExpressed as a proportion of hospital days; data missing for 19 (6%) preintervention and 52 (17%) intervention patients.
gCalculated over the first 14 days.
addition, we observed that the time to first delirium was
delayed with the intervention. Our findings were robust
to different modeling approaches, including exclusion of
chestjournal.org
nonoperative patients, and with a composite outcome of
delirium or coma. Notably, we found that coma on first
ICU assessment was associated strongly with
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TABLE 2 ] Factors Associated With Proportion of Days That Patients Experienced Deliriuma

Variable

Unadjusted Adjusted

Difference 95% CI P Value Difference 95% CI P Value

Intervention vs preintervention –5.3% –9.8 to –0.7 .02 –4.9% –9.2% to –0.5% .03

Age per y 0.1% 0.0% to 0.3% .06 0.1% 0.0% to 0.3% .07

Female vs male sex 3.1% –1.6% to 8.2% .21 3.5% –1.1% to 8.4% .16

Other vs White race 7.6% 0.7% to 14.5% .03 8.4% 2.2% to 15.7% .01

Charlson Comorbidity Index,
per point

0.4% –0.4% to 1.3% .40 0.6% –0.2% to 1.6% .16

Home sleep medication,
yes vs no

–1.1% –6.2% to 5.0% .71 –1.5% –6.7% to 3.9% .58

SICU vs CVICU 5.6% 0.9% to 10.5% .02 5.8% –7.9% to 16.2% .30

Admission category,
vs general
or trauma surgery

Cardiology –9.7% –14.9% to –3.5% < .001 –3.6% –16.6% to 4.2% .24

Cardiothoracic surgery –1.7% –7.0% to 3.6% .52 0.2% –13.4% to 10.6% .97

Coma at first ICU
assessment vs none

21.1% 14.3% to 28.6% < .001 21.4% 14.4% to 29.3% < .001

CCI ¼ Charlson Comorbidity Index; CVICU ¼ cardiovascular ICU; SICU ¼ surgical ICU.
aValues represent proportion of days with a positive delirium assessment during an admission among the first 14 d of the ICU stay that delirium was
assessed. P values calculated using linear regression with generalized estimating equations under an independence correlation structure and with robust
Huber-White sandwich SEs to account for variance across patients (heteroscedasticity). 95% CIs estimated using the bias-corrected and accelerated
bootstrap method with 2,000 samples. Delirium proportion data missing for 7 (2%) and 8 (2%) preintervention and intervention patients, respectively.
development of ICU delirium, suggesting that residual
anesthetic or oversedation may be a risk factor for ICU
delirium in postoperative and surgical patients. Finally,
across the preintervention and intervention periods, we
did not observe improvements in sleep quality ratings.
Figure 1 – Line graph showing time to first
delirium during the intervention phase
compared with the preintervention phase.
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Our findings are consistent with two prior efforts in
medical or mixed medical and surgical patients that
demonstrated an association between multicomponent
staff-based interventions to improve sleep-wake
disruption and reductions in ICU delirium.21,22 Building
Days exposed
2 3 4 5 6 7 8 9 10 11 12 13 14

Time to first delirium

24 143 76 44 28 18 10 7 5 3 3 2 2
42 162 94 65 45 30 21 16 14 12 6 6 6
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TABLE 3 ] Adjusted Pre-Post Association of Intervention on RCSQ Overall and Noise Ratings

Variable Overall Sleep Qualitya P Value Noiseb P Value

Intervention vs preintervention 3.4 (–5.2 to 11.5)b .43 9.51 (1.1-17.5) .02

Project dayc 0.1 (–0.1 to 0.3) .39 0.02 (–0.2 to 0.2) .81

Days afterd –0.2 (–0.4 to 0.1) .20 –0.07 (–0.3 to 0.2) .58

Age, per y –0.1 (–0.3 to 0.0) .09 –0.03 (–0.2 to 0.1) .72

Female vs male 0.5 (–4.1 to 5.2) .82 0.6 (–4.0 to 5.3) .79

CCI, per point –0.0 (–0.9 to 0.8) .93 –0.2 (–1.2 to 0.6) .60

History of sleep problem, yes vs no –4.4 (–10.1 to 1.0) .12 –1.9 (–7.3 to 3.4) .49

Use television to sleep at home, vs Yes

No 0.2 (–5.8 to 6.2) .96 1.2 (–4.5 to 7.2) .70

Unknown –6.6 (–22.8 to 9.4) .42 10.3 (–5.5 to 29.3) .22

Admission category

Cardiology 5.5 (–1.4 to 11.8) .11 2.6 (–4.2 to 9.6) .45

Cardiothoracic surgery –5.9 (–11.7 to –0.1) .046 –3.6 (–9.7 to 2.2) .22

Mechanical ventilation, yes 6.8 (1.8-12.1) .01 –5.3 (–10.5 to 0.1) .05

Coma on first ICU assessment 1.2 (–4.8 to 7.2) .70 –1 (–6.9 to 4.6) .74

Nurse vs patient completing the questionnaire 1.1 (–8.5 to 10.6) .82 –5.9 (–17.0 to 4.6) .27

Other vs patient completing the questionnaire 6.2 (–8.3 to 20.9) .82 –10 (–27.1 to 5.0) .17

Data are presented as difference (95% CI). CCI ¼ Charlson Comorbidity Index; RCSQ ¼ Richards-Campbell Sleep Questionnaire.
aValues represent adjusted difference in RCSQ ratings, on a 0 to 100 visual analog scale, with positive differences representing improved sleep quality
ratings across preintervention and intervention periods. The overall sleep quality rating represents the average of five RCSQ items. 95% CIs were estimated
using bootstrap percentile method with 2,000 samples.
bUnadjusted P > .1 for each of the five RCSQ items: (1) depth, (2) latency (time to fall asleep), (3) number of awakenings, (4) efficiency (percent of time
awake), and (5) quality.
cA time measure inherent in segmented regression analysis. In this analysis, it represents the number of days from intervention (day 0). It is negative for
days before intervention and positive for days after intervention. Its coefficient measures a time trend assuming no intervention at all.
dA time measure inherent in segmented regression analysis. In our analyses, it is the number of days after intervention. For days after intervention, the
value equals project days. For days before the intervention, it is 0 (so it has no effect). Its coefficient measures additional time trend after the intervention
not accounted for by the effect of project days alone.
on these efforts, our intervention involved a larger
postoperative and surgical population comprising
general, trauma, and subspecialty surgical,
cardiothoracic, and periprocedural cardiovascular
patients. Surgical patients are at risk of delirium, having
been exposed to operative time, anesthetic medications,
and painful procedures.3,12-15,48-50 Additionally, surgical
patients may receive nerve blocks or have open wounds,
which may limit mobility, and may need to return to the
operating room. Conversely, these patients often have
shorter stays, thus lowering their exposure to common
delirium risk factors and opportunities to lose sleep. For
this reason, surgical patients may not have been the
focus of ICU-based interventions to improve sleep.
Regarding a potential mechanism, it is widely believed
that sleep-wake disruption, which is common in
critically ill patients, increases delirium risk.51 Notably,
we were not able to corroborate our delirium finding
with an improvement in subjective sleep quality ratings,
perhaps speaking to the lack of sensitivity of the
measurement tool used. Future studies can evaluate the
chestjournal.org
influence of sleep-wake disruption in the surgical ICU
setting while considering other sleep evaluation
approaches.

Because delirium is a multifactorial, expensive, and often
hospital-acquired syndrome,10 major cost reduction
could be achieved through targeted, efficacious
interventions.4 Given inconsistent evidence regarding
the effect of medications for delirium reduction in
postoperative patients,12,52-55 we chose to focus on
environmental improvements, despite the inherent
challenges of environmental vs pharmacologic
intervention implementation (ie, inconsistent
compliance).56 A trial of 160 carefully selected elderly
patients with oral cancer demonstrated reduced
secondary outcomes of postoperative delirium from a
nonpharmacologic behavioral intervention.23 To our
knowledge, our intervention is the first to include an
unrestricted surgical ICU population and the largest to
demonstrate a significant relationship between an
environmental sleep-wake improvements and delirium
905
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reduction. Moreover, our findings were robust in
sensitivity analyses examining alternative modeling
approaches, durations of measurement, and focusing
only on postoperative patients.

Despite our project’s strengths, we acknowledge several
limitations. First, given the observational pre-post
design, potential confounding variables and temporal
factors may explain some of our findings. To minimize
these effects, we implemented our intervention in a
staggered fashion across two ICUs. Second, because this
was a QI effort, our team regularly educated staff and
solicited feedback on intervention implementation, so
the observed effect on delirium could not be traced to a
single event or action. Third, we did not use
polysomnography, the gold standard to assess sleep, and
instead relied on the RCSQ based on its use in prior
intervention studies.21,27 Polysomnography is
complicated in the ICU because it is physically
cumbersome and the data are not scorable using
established criteria.18,57 No perfect metric currently
exists to measure sleep in the ICU; however, future
studies can consider more objective tools like actigraphy,
an accelerometry-based technology gaining attention for
its ability to measure rest-activity cycles on a large
scale.58-61 Fourth, because our results consisted of
predominantly surgical ICU patients from a single
center, one could question the generalizability of our
findings. We believe our findings are broadly applicable;
however, further studies are required. Fifth, because no
other delirium efforts were ongoing in the involved
ICUs, we believed our sleep-based intervention was
responsible for the observed improvements, but also
acknowledge that the intervention itself may have
motivated changes in delirium assessment. We would
906 Original Research
have expected the intervention to increase delirium
recognition and diagnosis, but instead observed
decreased delirium prevalence, suggesting that our
intervention was beneficial while also highlighting the
notion that negative CAM-ICU scores may have been
confounded by unblinded administration. Sixth, factors
not included in our analysis, such as seasonal light
changes, may have influenced the outcome; however, we
believe this influence was negligible given evidence that
natural light tends to degrade substantially from the
window to the ICU bed.62 Finally, we were not able to
adjust for the administration of medications on the
delirium outcome or the RCSQ, because this variable
from the sleep checklist was not collected before the
intervention phase. Although medications for sleep were
administered on < 5% of the nights, melatonin was
administered 16% of nights and may have influenced the
delirium or RCSQ outcome. Despite these limitations,
we view our findings as robust and encourage further
research to help guide clinical practice.
Interpretation
In critically ill surgical ICU patients, we demonstrated
that a nonpharmacologic environmental intervention to
improve sleep-wake disruption was associated with a
significant reduction in delirium. Acknowledging
intense interest in this topic, we believe our data provide
an important foundation for future delirium efforts in
surgical ICU populations.24,26 Given the adverse
outcomes and major health care costs associated with
delirium, our findings suggest that simple environmental
and staff behavioral interventions are feasible and
should be a target of future multicenter trials.
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