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Abstract

Critically ill patients commonly experience poor sleep quality in the intensive care unit (ICU) 

because of various modifiable factors. To address this issue, an ICU-wide, multifaceted quality 

improvement (QI) project was undertaken to promote sleep in the Johns Hopkins Hospital Medical 

ICU (MICU). To supplement previously published results of this QI intervention, the present 

article describes the specific QI framework used to develop and implement this intervention, 

which consists of 4 steps: (a) summarizing the evidence to create a list of sleep-promoting 

interventions, (b) identifying and addressing local barriers to implementation, (c) selecting 

performance measures to assess intervention adherence and patient outcomes, and (d) ensuring 

that all patients receive the interventions through staff engagement and education and regular 

project evaluation. Measures of performance included daily completion rates of daytime and 

nighttime sleep improvement checklists and completion rates of individual interventions. 

Although long-term adherence and sustainability pose ongoing challenges, this model provides a 

foundation for future ICU sleep promotion initiatives.

Keywords

sleep; intensive care unit; quality improvement; program development; program evaluation; 
delirium; cognition; outcome assessment

Critically ill patients experience markedly disrupted sleep in the intensive care unit (ICU) 

setting, putting them at risk for deleterious physical and psychological sequelae.1-3 

Improved sleep is specifically recommended to improve delirium in the ICU,4 which 

contributes to many adverse short-term and long-term outcomes.
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Although factors such as severity of illness and mechanical ventilation impair sleep in the 

ICU setting, many modifiable environmental variables also contribute to poor sleep, 

including noise, light, and patient care interactions.3,5-8 Additionally, medications known to 

disrupt sleep, in particular benzodiazepines, are often prescribed in the ICU setting.9-14

Previous efforts to promote sleep in the ICU have demonstrated the feasibility and potential 

benefits of strategies to reduce noise and light,15-17 along with earplugs,18-20 eye masks,19,20 

white noise,21 and ocean sounds.22 Although these studies provided a foundation for future 

research, they did not address the full spectrum of modifiable factors using a multifaceted 

approach.

To address this issue, an established QI model was used to implement and evaluate a 

multifaceted sleep-promoting intervention in a medical ICU (MICU). As previously 

published,23 this intervention demonstrated significant improvement in perceived noise 

ratings (mean ± standard deviation: 65.9 ± 26.6 vs 60.5 ± 26.3, P = .001), nonsignificant 

improvements in perceived sleep quality ratings (measured by Richards-Campbell Sleep 

Questionnaire [RCSQ]24), and significant reductions in the incidence of delirium/coma 

(odds ratio = 0.46; 95% confidence interval = 0.23-0.89; P = .02), and increases in daily 

delirium/coma-free status (odds ratio = 1.64; 95% confidence interval = 1.04-2.58; P = .03) 

while in the ICU.

The objective of this article is to describe application of the QI model for design and 

implementation of a multifaceted sleep-promoting intervention in an MICU setting. In doing 

so, the study team discusses barriers encountered in the QI process and solutions to those 

barriers, along with issues concerning staff adherence and long-term sustainability in order 

to provide relevant information for other ICUs that may wish to undertake a similar type of 

project.

Methods

Context for the QI Project

The Johns Hopkins Hospital (JHH), located in Baltimore, Maryland, is a quaternary care, 

academic teaching hospital with approximately 1000 beds. The 16-bed MICU is staffed by 2 

physician teams, each composed of 1 attending intensivist, 1 fellow, and 5 resident 

physicians. Other members of the MICU staff include registered nurses (RN-to-patient ratio 

of 1:2), clinical nursing technicians, respiratory therapists, pharmacists, and physical and 

occupational therapists. New admissions to the ICU are assigned to the first available bed; 

hence, each team’s patients have comparable illness severity and receive identical 

standardized nursing care, consisting of twice-daily assessments of sedation and delirium 

and a nurse-titrated sedation protocol.

Use of an Established QI Model

This project was designed and implemented via an established QI model25 (Figure 1). Used 

in prior QI projects,26,27 this model involves framing the problem within the overall health 

care system and forming a collaborative team to carry out 4 steps: (a) summarizing the 

evidence to identify potentially beneficial interventions, (b) identifying local barriers to 
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implementation, (c) selecting and developing performance measures, and (d) ensuring that 

all patients receive the interventions. The last step follows an iterative “4 Es” algorithm to 

engage and educate staff, execute the intervention, and evaluate performance using objective 

measurement tools. Importantly, the steps of this model, while sequential, also can occur 

simultaneously.

In the context of ongoing efforts in the MICU to improve sleep quality, and in accordance 

with Office for Human Research Protections standards,28 the institutional review board 

(IRB) chair at Johns Hopkins University deemed the ICU-based portion of this project 

“quality improvement” and therefore did not require IRB approval.

Applying the QI Model to Promote Sleep in the MICU

A key first step was the formation of a multidisciplinary team to design and implement the 

project. The QI effort was initiated by an ICU physician-researcher (DMN) with extensive 

QI experience who is director of the Johns Hopkins Outcomes After Critical Illness and 

Surgery (OACIS) group, adopted by a Pulmonary and Critical Care Medicine fellow (BBK), 

and guided by an internationally recognized sleep physician (NAC). The QI team also 

included the MICU director (RGB) and an MICU nurse champion (LMK) who provided 

valuable local leadership, support, and resources. Other members included experts in MICU 

nursing and pharmacy, psychiatry, biostatistics, and neuropsychology. Eighteen months was 

allotted to plan the project, including conducting a 3-week pilot study (Table 1).

Step 1: Summarize the Evidence—The MICU sleep team reviewed data regarding the 

causes and consequences of poor sleep in the ICU and devised a list of potential 

interventions based on their feasibility and potential benefits.8,15-19,21,22 Based on evidence 

from prior QI studies,27 the QI team adopted a bundled approach, implementing similar 

interventions together, in 3 successive, additive stages: Stage 1, Modification of 

environmental factors; Stage 2, Provision of nonpharmacologic sleep aids; and Stage 3, 

Provision of a pharmacologic sleep aid guideline (Table 2).

Step 2: Identify Local Barriers to Implementation—Monthly multidisciplinary and 

MICU staff meetings were used to identify barriers to achieving staff buy-in and performing 

specific interventions. To achieve buy-in, a number of strategies were adopted (as detailed in 

“Step 4: 4 Es Model” that follows), and a 22-day pilot study was conducted to assess 

feasibility.29

The majority of local barriers involved intervention implementation. Out of concern for 

overwhelming staff with multiple interventions, QI interventions were implemented in 3 

sequential, additive stages (Table 2).

There also were structural and organizational barriers. Closely spaced patient rooms 

precluded complete noise elimination. Control over ICU-wide lighting and temperature also 

was limited. However, the interventions focused on other modifiable issues such as 

minimizing both in-room alarms and overhead pages and dimming both room and hallway 

lights. In lieu of white noise21 and ocean sounds,22 which were not available in the MICU, 
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the QI team substituted use of a television channel that played soothing music. Blinds that 

were inconvenient for staff to raise each day were tacked up permanently.

Step 3: Measure Performance—Adherence and outcome data were collected on a daily 

basis (Table 3). As in prior QI efforts,27 daily reminder checklists were used to increase 

intervention implementation. Adherence data included completion rates of nurse and clerk 

checklists and of individual checklist items. The day shift and night shift nurse checklists 

documented completion of patient-focused daytime and nighttime interventions, 

respectively, while the evening (7 pm to 11 pm) and night (11 pm to 7am) clerk checklists 

documented completion of ICU-wide nighttime interventions. One hundred percent of 

checklist items had to be addressed for the checklist to be deemed “complete.” Additionally, 

nurses completed a 1-time questionnaire for each patient assessing home sleep quality30 and 

a daily questionnaire assessing patients’ perceived sleep quality (see “RCSQ” below) and 

any medications given for sleep.

This project’s 2 primary outcome measures were perceived sleep quality and patient 

cognition. Patient ratings of perceived sleep depth, latency, efficiency, and quality were 

evaluated each day using the RCSQ, a 5-item survey validated against polysomnography in 

an ICU population.24 RCSQs were not completed for comatose or deeply sedated patients 

(Richmond Agitation Sedation Scale [RASS]31 score of −4 or −5). Patients who declined or 

were unable to complete the RCSQ (because of physical impairment or a language barrier) 

had it completed by their night shift nurse, based on previous efforts using nurse 

assessments.32,33 Twice-daily assessments of delirium/coma in the ICU were performed by 

MICU nursing staff using the valid and reliable Confusion Assessment Method-ICU34 for 

delirium and RASS31 for sedation.

For the primary analysis, a pre-post design was used to compare outcomes during a baseline 

preintervention period versus Stage 3, when all QI interventions had been implemented. The 

6-month study duration was chosen based on MICU sleep team staff availability.

Step 4: Ensure All Patients Receive the Interventions: 4 Es Model—An iterative 

4 Es Model was used to ensure all patients received the interventions.

Engage: Engagement of all stakeholders, from study leadership to frontline clinical staff, 

was necessary to ensure buy-in and sustained project adherence. The engagement process 

included (a) conducting in-service sessions during which evidence supporting sleep 

interventions was discussed; (b) presenting results from the 22-day pilot study, which 

included preintervention patient ratings of sleep quality in the MICU, patient testimonials 

regarding environmental barriers to sleep, and data showing the frequent use of deliriogenic 

medications for sleep; (c) recruitment of MICU nurse champions to collaborate on the 

project; and (d) monthly meetings with MICU nurses, clerks, and resident physicians to 

reinforce their role and brainstorm strategies for improvement.

Educate: Education of MICU staff took place throughout the project. Nurse champions 

attended multidisciplinary team meetings and were instrumental in project design. In 

preparation for the pilot study, MICU nurses were briefed on details of the QI project, the 
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daily checklist, and sleep surveys. During the pilot study, a member of the MICU sleep team 

met frequently with night shift staff to provide feedback, answer questions, and address 

barriers to future interventions and survey completion. During the baseline period of the QI 

project, each MICU clerk received a detailed explanation of the clerk checklist. Three nurse 

in-service slide presentations also were held for the nursing staff during this period to review 

sleep interventions in preparation for the next stage. At the launch of each stage, new 

interventions were discussed again with MICU staff. During the final stage, the 

pharmacologic sleep aid guideline was explained to all MICU staff, including all resident 

physicians who had newly rotated into the MICU, and posted throughout the MICU. By 

having 1 study team member (BBK) provide all structured presentations, the QI team 

ensured that all MICU staff received standardized and comprehensive education on the QI 

project.

Execute: As described in the QI model, there are 4 general approaches to overcoming 

implementation barriers.25 First, the QI team standardized care by orienting all MICU staff 

to patient-centered and ICU-wide interventions. Second, the QI team used independent 

checks and reminders, in the form of a daytime and nighttime checklist, and daily verbal 

reminders from charge nurses and nurse champions to complete interventions. Third, to 

maximize convenience and simplicity, the QI team placed patient-centered checklists next to 

each room and incorporated ICU-wide clerk actions into an existing clerk checklist. 

Additionally, the QI team introduced a smaller number of interventions at one time using a 

staged approach. Fourth, to learn from problems, throughout the project obstacles were 

reviewed and addressed at monthly multidisciplinary sleep team meetings (see “Step 2: 

Identify Local Barriers to Implementation”).

Evaluate: Evaluation of the QI project used individual and group performance measures. 

Names were recorded on checklists to applaud individuals for excellent adherence and 

identify those with lower adherence who required further engagement and education. An 

“audit and feedback” approach was employed to assess group adherence, with presentation 

of standardized performance metrics during regular meetings with nurse champions, charge 

nurses, and clerks. Performance flyers displaying weekly adherence rates and positive 

patient feedback were posted at the end of each stage.

Results

The study population consisted of adult patients admitted to the JHH MICU from January 3 

to July 22, 2010. All patients aged ≥18 years who spent ≥1 night in the MICU were eligible 

for interventions and outcomes analysis. The median patient age was 54 years (interquartile 

range = 44-66), and respiratory failure, gastrointestinal problems, and sepsis comprised the 

majority of ICU admission diagnoses. These demographic variables were similar between 

patients across all intervention stages. Additional baseline and ICU demographic data, along 

with results of daily perceived sleep quality and cognitive outcomes, were summarized 

briefly in the background section, with full details in a prior peer-reviewed publication.23

During Stages 1, 2, and 3 of the QI intervention, mean daily completion rates for daytime 

nurse checklists were 90% (SD = 12%), 87% (12%), and 84% (20%), respectively. Mean 
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nightly completion rates for nighttime nurse checklists were 85% (11%), 86% (14%), and 

76% (17%), respectively. When clerks were present in the MICU, 94%, 79%, and 88% of 

evening and 86%, 80%, and 80% of night clerk checklists were completed during the 3 

stages, respectively.

Table 4 displays MICU completion rates for individual QI interventions during each of the 3 

stages. Chisquare or Fisher exact tests were used to compare unadjusted completion rates 

across the intervention stages. The lowest completion rates were observed for the 

nonpharmacologic sleep aids (<12%), as these interventions were not eligible to be 

completed on >60% of patients-days when patients were already asleep, delirious, or 

comatose, and >20% of patient-days when patients declined the intervention when offered. 

The proportion of administered sleep medications given that were favorable for sleep 

increased from 0% to 23% during Stages 1 and 2, respectively, and to 60% during Stage 3 

after implementation of the pharmacologic sleep guide. Across intervention stages, there 

was no statistically significant difference in completion rates for 8 of the 17 (47%) 

interventions.

Discussion

In this project, the QI team used an established QI model to implement a sleep-promoting 

intervention in an MICU. This model employed a previously successful 4 Es algorithm 

(engage, educate, execute, and evaluate). Essential to this effort was implementation of 

multifaceted environmental, nonpharmacologic, and pharmacologic interventions in 

successive stages to allow for incremental adoption of interventions. Using this approach, 

the QI team demonstrated that ICU-wide and patient-focused interventions to promote sleep 

in the MICU were feasible to perform on a daily basis and did not distract from normal ICU 

staff workflow.

Although the project was feasible, adherence with the project was challenging for 2 main 

reasons. First, there were a large number of interventions (3 daytime and 14 nighttime) that 

required daily implementation and documentation via the checklist, as reflected by lower 

rates of daily completion of nighttime checklists compared to daytime checklists (76% to 

85% vs 83% to 90%, respectively). Second, adherence rates for the majority of individual 

interventions ranged from 60% to 80%, but interventions requiring greater time and effort, 

such as promoting daytime wakefulness and giving a warm bath before 10 pm, had 

expectedly lower adherence rates (40% to 50%).

Sustainability of QI projects also is challenging. Sustainability is encouraged by immediate, 

visible results,25 which can be difficult in sleep-related projects. Continued staff education 

on the consequences of poor sleep, frequent positive and negative feedback, and patient 

testimonials were felt to help with adherence during the project. Ongoing collection of data, 

after the end of funding for the project, has not continued.

Limitations

There were several limitations to this project. First, as with other QI projects, 

generalizability of these results is not certain. This project was implemented in an academic 

Kamdar et al. Page 6

Am J Med Qual. Author manuscript; available in PMC 2014 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



MICU and led by clinical experts and team members with training and experience in QI 

projects. However, many of the implementation challenges surmounted in this project, such 

as completing interventions as part of routine care, are universal to all ICUs. Furthermore, 

the established QI model used and the commonsense appeal of these evidence-based sleep-

promoting interventions (ie, dimming lights, turning off TVs, minimizing alarms) may 

facilitate implementation and buy-in in other settings.

Second, the QI team observed statistically significant between-stage differences in 

completion rates for more than half of interventions, likely because of trends in staffing, 

fatigue, or seasonality. Nevertheless, the team was encouraged that the completion rates for 

a majority of these interventions (ie, caffeine avoidance, interruptions, overhead pages) 

improved over time.

Third, the QI team did not objectively measure whether the interventions produced clinically 

significant changes in noise, light, and patient disturbances. However, MICU staff reported 

noticeable reductions in overhead pages, unnecessary alarms, and nighttime television 

watching. Post hoc analysis also revealed a significant association between the RCSQ noise 

rating and the overall sleep quality rating that excluded the noise question, suggesting 

improvements in perceived noise correlated with improvements in sleep.23

Fourth, the QI team did not objectively measure sleep quality using polysomnography, the 

gold standard in sleep measurement, which was not logistically or financially feasible in this 

project. Instead, although the RCSQ was found to be easy to collect on a large scale, this 

instrument may have been inadequate for this project given that it was validated as a 

measure in awake, nondelirious ICU patients.24 Furthermore, during this project, nurses 

often completed RCSQs on their patients’ behalf, based on previous studies.32,33 However, 

in a separate subanalysis of this study, the QI team found that nurses tended to overestimate 

patient sleep quality using the RCSQ.35 Given these limitations, further research may be 

needed regarding practical instruments to assess ICU sleep quality on a large-scale basis.

Conclusion

Using an established QI model, a multifaceted, ICU-wide intervention to promote sleep is 

feasible. Future directions include strategies to address sustainability and extension of 

similar efforts to other ICUs.

Acknowledgments

We would like to thank the dedicated Johns Hopkins MICU nurses and other staff. Additionally, we thank Pooja 
Shah, BS, Amanda Le, BS, Preeya Nandkumar, BA, Farah Rahman, BA, and Melinda Christie, BS, for assistance 
with data collection, entry, and cleaning.

Funding

The authors received the following financial support for the research, authorship, and/or publication of this article: 
During this project, Dr Kamdar was supported by a Ruth L. Kirschstein National Research Service Award from the 
National Institutes of Health (F32 HL104901).

Kamdar et al. Page 7

Am J Med Qual. Author manuscript; available in PMC 2014 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



References

1. Friese RS. Sleep and recovery from critical illness and injury: a review of theory, current practice, 
and future directions. Crit Care Med. 2008; 36:697–705. [PubMed: 18176314] 

2. Hardin KA. Sleep in the ICU: potential mechanisms and clinical implications. Chest. 2009; 
136:284–294. [PubMed: 19584211] 

3. Kamdar BB, Needham DM, Collop NA. Sleep deprivation in critical illness: its role in physical and 
psychological recovery. J Intensive Care Med. 2012; 27:97–111. [PubMed: 21220271] 

4. Barr J, Fraser GL, Puntillo K, et al. Clinical practice guidelines for the management of pain, 
agitation, and delirium in adult patients in the intensive care unit. Crit Care Med. 2013; 41:263–306. 
[PubMed: 23269131] 

5. Freedman NS, Gazendam J, Levan L, Pack AI, Schwab RJ. Abnormal sleep/wake cycles and the 
effect of environmental noise on sleep disruption in the intensive care unit. Am J Respir Crit Care 
Med. 2001; 163:451–457. [PubMed: 11179121] 

6. Gabor JY, Cooper AB, Crombach SA, et al. Contribution of the intensive care unit environment to 
sleep disruption in mechanically ventilated patients and healthy subjects. Am J Respir Crit Care 
Med. 2003; 167:708–715. [PubMed: 12598213] 

7. Tamburri LM, DiBrienza R, Zozula R, Redeker NS. Nocturnal care interactions with patients in 
critical care units. Am J Crit Care. 2004; 13:102–112. [PubMed: 15043238] 

8. Xie H, Kang J, Mills GH. Clinical review: the impact of noise on patients’ sleep and the 
effectiveness of noise reduction strategies in intensive care units. Crit Care. 2009; 13(2):208. 
[PubMed: 19344486] 

9. Dubois MJ, Bergeron N, Dumont M, Dial S, Skrobik Y. Delirium in an intensive care unit: a study 
of risk factors. Intensive Care Med. 2001; 27:1297–1304. [PubMed: 11511942] 

10. Figueroa-Ramos MI, Arroyo-Novoa CM, Lee KA, Padilla G, Puntillo KA. Sleep and delirium in 
ICU patients: a review of mechanisms and manifestations. Intensive Care Med. 2009; 35:781–795. 
[PubMed: 19165463] 

11. Pandharipande P, Cotton BA, Shintani A, et al. Prevalence and risk factors for development of 
delirium in surgical and trauma intensive care unit patients. J Trauma. 2008; 65:34–41. [PubMed: 
18580517] 

12. Pandharipande P, Shintani A, Peterson J, et al. Lorazepam is an independent risk factor for 
transitioning to delirium in intensive care unit patients. Anesthesiology. 2006; 104:21–26. 
[PubMed: 16394685] 

13. Ouimet S, Kavanagh BP, Gottfried SB, Skrobik Y. Incidence, risk factors and consequences of 
ICU delirium. Intensive Care Med. 2007; 33:66–73. [PubMed: 17102966] 

14. Patel RP, Gambrell M, Speroff T, et al. Delirium and sedation in the intensive care unit: survey of 
behaviors and attitudes of 1384 healthcare professionals. Crit Care Med. 2009; 37:825–832. 
[PubMed: 19237884] 

15. Kahn DM, Cook TE, Carlisle CC, Nelson DL, Kramer NR, Millman RP. Identification and 
modification of environmental noise in an ICU setting. Chest. 1998; 114:535–540. [PubMed: 
9726742] 

16. Walder B, Francioli D, Meyer JJ, Lancon M, Romand JA. Effects of guidelines implementation in 
a surgical intensive care unit to control nighttime light and noise levels. Crit Care Med. 2000; 
28:2242–2247. [PubMed: 10921547] 

17. Monsen MG, Edell-Gustafsson UM. Noise and sleep disturbance factors before and after 
implementation of a behavioural modification programme. Intensive Crit Care Nurs. 2005; 
21:208–219. [PubMed: 16039958] 

18. Wallace CJ, Robins J, Alvord LS, Walker JM. The effect of earplugs on sleep measures during 
exposure to simulated intensive care unit noise. Am J Crit Care. 1999; 8:210–219. [PubMed: 
10392220] 

19. Richardson A, Allsop M, Coghill E, Turnock C. Earplugs and eye masks: do they improve critical 
care patients’ sleep? Nurs Crit Care. 2007; 12:278–286. [PubMed: 17983362] 

Kamdar et al. Page 8

Am J Med Qual. Author manuscript; available in PMC 2014 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



20. Hu RF, Jiang XY, Zeng YM, Chen XY, Zhang YH. Effects of earplugs and eye masks on 
nocturnal sleep, melatonin and cortisol in a simulated intensive care unit environment. Crit Care. 
2010; 14(2):R66. [PubMed: 20398302] 

21. Stanchina ML, Abu-Hijleh M, Chaudhry BK, Carlisle CC, Millman RP. The influence of white 
noise on sleep in subjects exposed to ICU noise. Sleep Med. 2005; 6:423–428. [PubMed: 
16139772] 

22. Williamson JW. The effects of ocean sounds on sleep after coronary artery bypass graft surgery. 
Am J Crit Care. 1992; 1:91–97. [PubMed: 1307884] 

23. Kamdar BB, King LM, Collop NA, et al. The effect of a quality improvement intervention on 
perceived sleep quality and cognition in a medical ICU. Crit Care Med. 2013; 41:800–809. 
[PubMed: 23314584] 

24. Richards KC, O’Sullivan PS, Phillips RL. Measurement of sleep in critically ill patients. J Nurs 
Meas. 2000; 8:131–144. [PubMed: 11227580] 

25. Pronovost PJ, Berenholtz SM, Needham DM. Translating evidence into practice: a model for large 
scale knowledge translation. BMJ. 2008; 337:a1714. [PubMed: 18838424] 

26. Needham DM, Korupolu R. Rehabilitation quality improvement in an intensive care unit setting: 
implementation of a quality improvement model. Top Stroke Rehabil. 2010; 17:271–281. 
[PubMed: 20826415] 

27. Pronovost P, Needham D, Berenholtz S, et al. An intervention to decrease catheter-related 
bloodstream infections in the ICU. N Engl J Med. 2006; 355:2725–2732. [PubMed: 17192537] 

28. US Department of Health & Human Services, Office of Human Research Protections. [Accessed 
January 31, 2011] Quality improvement activities—FAQs. http://answers.hhs.gov/ohrp/categories/
1569

29. Kamdar BB, Collop N, Rahman F, Shah PA, Needham DM. The association of sleep quality at 
home with sleep in the ICU. Am J Respir Crit Care Med. 2010; 181:A1661.

30. Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality 
Index: a new instrument for psychiatric practice and research. Psychiatry Res. 1989; 28:193–213. 
[PubMed: 2748771] 

31. Ely EW, Truman B, Shintani A, et al. Monitoring sedation status over time in ICU patients: 
reliability and validity of the Richmond Agitation-Sedation Scale (RASS). JAMA. 2003; 
289:2983–2991. [PubMed: 12799407] 

32. Frisk U, Nordstrom G. Patients’ sleep in an intensive care unit—patients’ and nurses’ perception. 
Intensive Crit Care Nurs. 2003; 19:342–349. [PubMed: 14637294] 

33. Nicolas A, Aizpitarte E, Iruarrizaga A, Vazquez M, Margall A, Asiain C. Perception of night-time 
sleep by surgical patients in an intensive care unit. Nurs Crit Care. 2008; 13:25–33. [PubMed: 
18226052] 

34. Ely EW, Inouye SK, Bernard GR, et al. Delirium in mechanically ventilated patients: validity and 
reliability of the Confusion Assessment Method for the Intensive Care Unit (CAM-ICU). JAMA. 
2001; 286:2703–2710. [PubMed: 11730446] 

35. Kamdar BB, Shah PA, King LM, et al. Patient-nurse interrater reliability and agreement of the 
Richards-Campbell Sleep Questionnaire. Am J Crit Care. 2012; 21:261–269. [PubMed: 22751369] 

Kamdar et al. Page 9

Am J Med Qual. Author manuscript; available in PMC 2014 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://answers.hhs.gov/ohrp/categories/1569
http://answers.hhs.gov/ohrp/categories/1569


Figure 1. 
A model for conducting quality improvement within the health care setting.

Used with permission from BMJ Publishing Group Limited. Pronovost PJ, Berenholtz SM, 

Needham DM. Translating evidence into practice: a model for large scale knowledge 

translation. BMJ. 2008;337:a1714.
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Table 1

Timeline of Sleep QI.

Timing Event Activities

November 2008 to December 2009 Preproject Planning

 November 2008 to December
 2009

Multidisciplinary Sleep QI

 Monthly Meetings
a

Review literature on sleep interventions; outline
 project goals, design, and methods; assess barriers
 to implementation; determine process and outcome
 measures

 September to October 2009 MICU Nursing Staff Meetings Orientation to project and sleep surveys

 September 17 to October 9, 2009
 (22 days)

Pilot Project Pilot test of baseline and daily sleep surveys in MICU
 with evaluation for feasibility, clarity, completeness,
 and accuracy

January 3 to July 22, 2010 (201 days) Sleep QI Project

Ongoing Event Daily log of MICU admission/discharge data and
 survey completion rates; daily survey collection with
 evaluation for completeness and accuracy

Ongoing Event Post-ICU cognitive testing on eligible consenting
 subjects identified through daily screening of MICU
 census (4-6 patients each week)

 January and February 2010 Baseline Assessment (8 weeks) Regular meetings with MICU staff to discuss surveys
 and upcoming sleep interventions and answer
 questions

 March 1 to 28, 2010 Stage 1 (4 weeks) Environmental interventions

 March 29 to April 25, 2010 Stage 2 (4 weeks) Nonpharmacologic sleep aids (in addition to Stage 1
 interventions)

 April 26 to July 22, 2010 Stage 3 (13 weeks) Pharmacologic sleep aid guideline (in addition to Stage 1
 and 2 interventions)

Abbreviations: MICU, medical intensive care unit; QI, quality improvement.

a
Sleep Improvement Team consisted of MICU physicians, a sleep medicine physician, a psychologist, psychiatrists, an MICU pharmacist, MICU 

nurses, research support staff, and data analysts.
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Table 2

Sleep QI Interventions.

Stage Interventions

Stage 1: Environmental Interventions Daytime: Raise blinds, minimize caffeine, and encourage activities
 to prevent napping

Nighttime: Close room curtain, dim room lights, prevent
 unnecessary alarms, minimize nurse interruptions, provide
 warm bath before 10 pm, turn television off, control pain, and
 optimize temperature

ICU-wide nighttime: Dim hallway lights, minimize overhead pages

Stage 2: Nonpharmacologic Sleep Aids (in addition to Stage 1
 interventions)

Offer ear plugs, eye masks, and tranquil music at bedtime for
 nondelirious patients

Stage 3: Pharmacologic Sleep Aid Guideline (in addition to
 Stage 1 and 2 interventions)

Discourage medications known to alter sleep and precipitate
 delirium (eg, benzodiazepines); recommended zolpidem for
 patients without delirium and haloperidol/atypical antipsychotic
 for patients with delirium

Abbreviations: QI, quality improvement; ICU, intensive care unit.
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Table 3

Process and Outcome Measures.

Measure Mode of Assessment Rationale

Process measures

 Use of checklist
Proportion of complete checklists

a Documents completion of nurse and clerk checklists in
 their entirety

 Intervention adherence Completion of individual checklist items Documents completion of specific daytime/nighttime
 interventions

Outcome measures
b

 Daily perceived sleep
 quality

RCSQ with nighttime noise item Reliable and validated against polysomnographic sleep
 efficiency index24; high interrater reliability32

 Daily delirium status CAM-ICU Reliable and valid measure34

 Daily sedation/coma
 status

RASS Reliable and valid measure31

Abbreviations: ICU, intensive care unit; CAM-ICU, Confusion Assessment Method–ICU; RASS, Richmond Agitation-Sedation Scale; RCSQ, 
Richards-Campbell Sleep Questionnaire.

a
Checklists were recorded as complete only if 100% of items were answered.

b
Also included 1-time questionnaire regarding patients’ baseline home sleep quality (adapted from Pittsburgh Sleep Quality Index30) to address an 

important potential confounder.
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