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The effect of chronotherapy on delirium in critical care- a systematic review  

Delirium is prevalent within intensive care and high dependency units (critical care), 

affecting 1 in 5 high dependency patients and 4 in 5 mechanically ventilated patients with 

clear causation between critical illness and incidence of delirium (Page and Ely, 2011). 

However, despite its incidence, preventative measures are limited and treatment 

interventions focus on symptom control once delirium has manifested (Barroso and den 

Brinker, 2013).  

Delirium is a syndrome characterised by acutely altered mental state, cognitive impairment 

and fluctuations throughout the course of the day (American Psychiatric Association, 2013). 

Delirium has serious short and long term consequences for patient outcome independent of 

severity of illness, including fewer days alive without mechanical ventilation, increased 6-

month mortality, prolonged hospital stay, and higher incidence of cognitive impairment on 

discharge (Ely, 2004). Acute confusional states can develop and patients can go on to 

experience post traumatic stress disorder (PTSD).  Long-term studies have shown that 

prolonged episodes of delirium increase risk of long-term cognitive impairment at 3 months 

(p=0.03) and 12 months (p=0.02) post-discharge (Girard et al., 2010), with impairment of 

quality of life (Gunther et al., 2012). 

Although the pathogenesis is not fully understood, delirium is known to be caused by 

neuronal dysfunction secondary to systemic disorders and multiple coexisting risk factors 

(Madrid-Navarro et al., 2015). Predisposing risk factors include older age, high APACHE-2 

score, mechanical ventilation and metabolic acidosis (Zaal et al., 2015). Studies have also 

linked the development of delirium to precipitating risk factors such as abnormal levels of 

melatonin and loss of circadian rhythms (Meagher et al., 2007; Bellapart and Boots, 2012; 

Fitzgerald et al., 2013; Madrid-Navarro et al., 2015; Oldham et al., 2016).   

The artificial critical care environment and iatrogenic sleep disturbance are linked to 

circadian disruption with likely development of delirium (Wenham and Pittard, 2009; 

Delaney et al., 2015). Attention has turned to the potential benefits of chronotherapy, 

defined as “modifying circadian rhythms with therapeutic intent” (Oldham et al., 2016, p. 

209). This incorporates interventions which modulate the environment (light, noise control) 

as well as drugs which influence circadian rhythm.  



Chronotherapeutic options such as bright light therapy (BLT) and dynamic light applications 

(DLA) are well proven within psychiatry to treat seasonal depression (Koyama et al., 1999; 

Madrid-Navarro et al., 2015). Bright light therapy is the use of lighting up to 10,000 lux for at 

least two hours/ day, whereas dynamic light application is the periodic dimming of lighting 

from, for example, 1700 lux to 300 lux.  Exogenous melatonin and melatonergic agents have 

also been shown to improve sleep in the critical care setting, as well as reduce incidence of 

delirium in acutely ill elderly patients (Shilo et al., 2000; Bourne et al., 2008; Sultan, 2010; 

Al-Aama et al., 2011; Oldham et al., 2016). Delirium guidelines (NICE, 2010) recommend 

multicomponent nonpharmacological interventions (MNI), such as the use of ear plugs, to 

modify external environment cues, promote the sleep-wake cycle and entrain the circadian 

rhythm (Madrid-Navarro et al., 2015). The use of drugs that may enhance circadian rhythm 

are not within the NICE (2010) guidelines.  

Research question: Can chronotherapy reduce the prevalence of delirium in adult patients 

in critical care? 

Aim: To understand whether implementation of chronotherapy within the critical care 

setting can reduce the prevalence of delirium. 

Objectives:   

• To identify specific research that has evaluated the effect of chronotherapy 

interventions 

• To ascertain the potential benefits of chronotherapy interventions in critical care. 

 

Methodology 

Search strategy 

A systematic search of recent research (2006- 2016) was undertaken using the databases 

Academic Search Complete, CINAHL Plus with Full Text, E-Journals, MEDLINE Complete, 

PsycARTICLES and PsycINFO. This was supplemented by a hand search of relevant articles 

and journals. The key search terms, which incorporated MeSH terms, were chronotherap* 

OR chronoenhancement OR light therapy OR environmental light* OR environmental 



factor* OR dynamic light* OR melaton* AND deliri* OR psychos?s OR acute confusional 

state AND critical care OR ITU OR ICU OR intensive therapy OR intensive care OR critically ill.  

Selection criteria and screening process 

During the selection process, inclusion/ exclusion criteria were applied: 

Inclusion criteria            

 Primary research investigating chronotherapy interventions and their effects on 

delirium in adults in critical care. 

 Quantitative study design 

 English language 

 Adult patients (18+ years) 

 Critical care settings 

 Articles published since 2006 

Exclusion criteria 

 Research with a different focus  

 Secondary research/ literature reviews 

 Paediatric studies 

Identified studies were screened for relevance using a three stage process ensuring a 

systematic approach. Firstly the title was reviewed. Secondly, the abstract was reviewed to 

ensure the inclusion/ exclusion criteria were adhered to. The final stage of screening 

involved reviewing the studies in full to ensure all fulfilled the search criteria. Both authors 

undertook the screening process independently and then agreed on the eligibility of the 

studies for inclusion. 

 

Data extraction and quality appraisal 

Both authors extracted the data, such as methodology, sample sizes and statistics (mean 

scores, standard deviation, p values) from each included study, using a standardised 

extraction form. Outcomes for delirium such as CAM- ICU scores were extracted as well as 

other data recorded during the study which could lead to delirium (such as hours of sleep). 



The eligible studies were appraised using either the critical appraisal skills programme 

(CASP) randomised controlled trial (RCT) checklist or the CASP cohort study checklist 

depending on research methodology/ design. This allowed the authors to appraise the 

quality of the studies in relation to, for example, appropriateness of study design and 

methods of data collection, sample size, outcome measures and statistical significance of 

results.  

  

Results 

Search outcome 

The initial search returned 99 results from the databases used. A hand search of relevant 

critical care journals identified three further studies. After applying the exclusion criteria 

and removing duplicates, 49 articles were left. 31 studies were then excluded following title 

and abstract scrutiny as they did not meet the inclusion criteria. The full text of the 

remaining 18 articles were read and a further 12 excluded due to having the wrong focus for 

example, delirium and circadian disruption caused by weaning from mechanical ventilation. 

This resulted in six studies being identified from the main search and a PRISMA flow chart 

was developed (figure 1).  

Five studies were randomised controlled trials (RCT) and one study used a cohort-based 

design with historical control for ‘pre-intervention’ data (table 1).  Two of the studies were 

conducted in Europe and four were conducted in East Asia. All studies measuring delirium 

used validated delirium assessment tools: CAM-ICU, DRS-R98 and J-NCS. Interventions 

included dynamic light therapy, bright light therapy, Ramelteon and multicomponent non 

pharmacologic interventions such as noise reduction, use of music, use of eye shades and 

patient orientation  

Following data extraction, common themes were inductively identified through a narrative 

review approach (Aveyard, 2014). Themes were identified by the two authors 

independently, then compared and refined.  Four key themes were found: 

1) delirium prevalence and duration;  

2) circadian rhythm: arrhythmia and entrainment;  



3) sleep efficiency and disturbance;   

4) other therapeutic effects.    

Delirium Prevalence and duration 

All studies measured the effect of different chronotherapeutic interventions on the 

incidence of delirium within critical care. Hatta et al. (2014) found delirium occurred in 1/33 

(3%) of patients taking the melatonergic agonist Ramelteon vs. 11/34 (32%) in the control 

group. Likewise, Hatta et al. (2014) found statistically significant reductions in the risk of 

developing delirium for the group receiving Ramelteon (p=0.002), along with slower time to 

development of 6.94 day vs. 5.74 days for the placebo group. Guo et al. (2015) found a 

reduced occurrence in delirium in the group receiving multicomponent nonpharmacological 

interventions (MNI) (10/81 (12%) vs 25/79 (31%)) as did Patel et al. (2014) (55/167 (33%) 

pre-intervention compared to 24/171 (14%) post-MNI). These were all statistically 

significant reductions in the overall incidence of delirium with P-values respectively p<0.003, 

p<0.006 and p<0.001.  MNI strategies included, for example, reduction of noise, use of eye 

shades and earplugs.  MNI bundles also reduced the duration of delirium with Patel et al. 

(2014) finding an average of 3.4 days of delirium pre-intervention to 1.2 days post (p=0.021) 

while Guo et al. (2015) reported an average of 28.1 hours in the MNI group vs. 60.2 hours in 

the control (p<0.001). 

Ono et al. (2011) and Taguchi et al. (2007)  demonstrated marked reductions in delirium 

occurrence in the groups receiving bright light therapy (BLT) (collectively 2/16 BLT vs. 10/17 

control). However, these results were not statistically significant due to limited sample sizes 

of 22 and 11 respectively, reducing the reliability of the results. In contrast, Simons et al. 

(2016) found a slight increase in the cumulative incidence of delirium in the patients 

receiving dynamic light application (DLA) 137/361 (38%) vs. 123/373 (33%) patients in the 

control group (OR 1.24, 95% CI 0.92-1.68, p=0.16). However, Simons et al. (2016) measured 

cumulative duration of delirium and coma free days and found a reduction of one day in the 

DLA group, however this was not statistically significant (p=0.29). Taguchi et al. (2007) also 

reported a reduction in the duration of symptoms of delirium following implementation of 

BLT, identifying that visual and auditory hallucinations stopped a day after BLT, whereas 

these symptoms persisted for several days in the control group. 



Circadian Rhythm: Arrhythmia and Entrainment 

To assess the efficacy of chronotherapy in maintenance of circadian rhythm, the circadian 

biomarkers of melatonin and cortisol were tested in two of the studies (Guo et al, 2015; 

Simons et al (2016).  Guo et al. (2015) found that while there were no significant differences 

in the neurohormone levels pre-operatively between the two study groups, postoperative 

nocturnal urine levels consistently showed statistically significant increases in melatonin and 

decreases in cortisol in the MNI group compared to the control group suggesting improved 

circadian rhythms with use of MNI. 

Conversely, Simons et al. (2016) assessed a subgroup of 20 patients (11 DLA vs. 9 control) 

and found no differences between the groups in the total excretion of the biomarkers when 

measured hourly during night-time or morning periods. Simons et al. (2016) also found that 

levels of melatonin did not vary significantly across the course of the day, suggesting 

abnormal secretion of melatonin and therefore circadian arrhythmia.  

Circadian rhythm was also measured through monitoring of physical and autonomic activity. 

Taguchi et al. (2007) showed reductions in physical activity on night four of the BLT 

intervention group, this was not significant in comparison to the control. Alternatively, Ono 

et al. (2011) conducted a time series of physical activity and found that the circadian cycle 

was 24.1 ± 3.2 hours for the BLT study group vs. 21.9 ± 1.5 hours for the control group, 

indicating BLT may assist with the entrainment of the circadian rhythm. Between the two 

groups however, no well-defined 24 hour periodicity of autonomic nervous system activity 

was found.  

Positive results from the MNI and BLT studies suggest that a combination of 

chronotherapeutic interventions may have more effect on the entrainment of circadian 

rhythm and reduce the prevalence of delirium, although the weight of the evidence is 

limited.  

Sleep Efficiency and Disturbance 

Sleep metrics, such as hours asleep and physical activity, were investigated in three of the 

studies. These studies used actigraphy (non invasive monitoring of activity and rest) and 

nurse assessment which can be inaccurate (Beecroft et al., 2008) rather than the gold-



standard polysomnography, which records biophysiological changes (such as muscle, brain 

and eye activity),  that occurs during sleep and offers more accurate sleep data . Patel et al. 

(2014) measured sleep quantity and quality using subjective measurements (patient 

reported sleep questionnaires and nursing assessments): with high compliance of the MNI 

bundle (>90%) the study showed significant reductions in night-time noise (p=0.002), light 

(p=0.003) and iatrogenic sleep disturbance (p=0.003). This led to a significant increase in 

mean hours of night-time sleep from 6.6 hours (55%) before the intervention vs. 8.6 hours 

(72%) after (p<0.001), and more windows of 3 hours uninterrupted sleep (32% before vs. 

39% after, p=0.029). Additionally, Patel et al. (2014) found that patients reporting high sleep 

efficiency index scores (length of time asleep vs length of time in bed) had a reduced risk of 

delirium with odds of developing delirium around 10% less (OR 0.90, 95% CI 0.84-0.97). 

However, this finding has limitations due to only 59/338 patients reporting sleep efficiency 

scores 

Using actigraphy, a significant reduction in physical activity was found on post-operative 

night 4 and 5 in patients receiving BLT (Ono et al, 2011). This suggests this group had greater 

night-time rest and deeper sleep. Sympathetic nervous activity was persistently reduced 

during the night compared to the control group especially at 2 am on night 5 (p<0.05).  

 Hatta et al. (2014) however did not find any benefit of Ramelteon on sleep efficiency based 

on sleep parameter measurements and no significant difference was found in the rate of 

Hydroxyzine use (for insomnia) between the group receiving Ramelteon and the control 

group. 

 Other Therapeutic Effects  

Other benefits of the chronotherapeutic interventions were found. During BLT, Ono et al. 

(2011) measured the occurrence of post-operative cardiac arrhythmias which were 

consistently lower in the intervention group with significant differences found on night 4 

and day 5 (p<0.05). Taguchi et al. (2007) found that ambulation started around 2 days 

earlier in the intervention group with a mean of 5.5 ± 1.0 days in comparison to 7.6 ± 2.5 

days in the control group, although this difference was not found to be statistically 

significant.  



As part of the MNI research, Guo et al. (2015) monitored the patients’ Richmond Agitation 

Sedation Score (RASS) twice daily and asked all patients to complete a 40 item quality of 

recovery score (QoR40). At each time interval measured for three days post-operatively the 

mean RASS scores were consistently lower in the intervention group (p<0.05). The QoR40 

score was also consistently higher (p<0.05) indicating a greater quality of recovery, taking 

into consideration emotional, physical and psychological factors.  

Discussion 

There is a large body of literature discussing the effects of circadian disruption and potential 

benefits of chronotherapy, but only a limited amount of primary research studying the 

effects of these interventions on delirium as a primary outcome within critical care. 

Following appraisal, mixed results for the efficacy of the chronotherapeutic interventions 

were found. 

Multicomponent Nonpharmacologic Interventions 

Both Patel et al. (2014) and Guo et al. (2015) explored the effectiveness of MNI (reduction in 

light and noise, use of eye shades, frequent patient orientation and provision of music) and 

found marked reductions in the incidence and duration of delirium. As delirium in critical 

care is associated with multiple adverse outcomes, this is a clinically significant finding 

(Girard et al., 2008; Bulic et al., 2015). Although non- critical care studies have shown that it 

is possible to reduce delirium prevalence through MNI (Inouye et al., 1999; Vidan et al., 

2009), the reviewed studies are the first to show the effect of MNI within critical care.  

The importance of increased staff education, awareness and understanding of delirium is a 

significant factor in the effectiveness of delirium intervention (O’Mahony et al., 2011). Patel 

et al. (2014) provided staff with ongoing training and information about sleep and delirium 

and reported a 90% compliance rate with the planned interventions which included 

substantially reducing night time noise and light levels as well as iatrogenic sleep 

disturbance. This significantly improved qualitative and quantitative sleep measures. 

Exogenous Melatonin and Melatonergic Agents 

The use of Ramelteon showed significant reductions in incidence, risk and frequency of 

delirium in acutely ill elderly patients even after controlling for risk factors (Hatta et al, 



2014). This indicates potential use of Ramelteon as a prophylactic treatment option for 

elderly patients at high risk of developing delirium. However, the generalisability of the 

results in view of the critical care population is substantially limited.  

Research studying the effects of exogenous melatonin is limited but has encouraging results. 

Three RCTs, which were conducted outside of a critical care setting, measured the effects of 

exogenous melatonin in acutely ill elderly patients and two studies found the incidence of 

delirium two to four times lower than in the control group (Sultan, 2010; Al-Aama et al., 

2011). The third study found no differences in the incidence of delirium, however 

significantly fewer patients receiving melatonin had a duration of delirium more than two 

days when compared to the control (26% vs. 47%, p=0.02) (de Jonghe et al., 2014)  

Melatonin has gained interest in critical care for its potential benefit as a physiological sleep 

aid due to its role in synchronisation of the circadian rhythm and sleep-wake pattern. Elliot 

et al. (2013) used polysomnography to assess sleep in critical care, finding an average total 

sleep time of 5 hours however, 41% of this was during day time hours indicating a diurnal 

shift of the sleep-wake cycle. The majority of sleep was also found to be in stages 1 (19%) 

and 2 (73%) with scant deeper, restorative phases of sleep. This indicates sleep quality is 

severely affected, leading to sleep deprivation which is associated with delirium, difficulty 

weaning, prolonged stay and increased mortality (Boyko et al., 2012). Of three studies which 

have looked at the effect of melatonin therapy to improve nocturnal sleep for critically ill 

patients, two found that melatonin improved sleep length and quality (Shilo et al., 2000; 

Bourne et al., 2008). The third study did not find any difference in observed nocturnal sleep 

(Ibrahim et al., 2006).           

Dynamic Light Application/ Bright Light Therapy 

The studies within this review that evaluated the use of light therapy had mixed results 

regarding the effect on the prevalence of delirium. Simons et al. (2016) carried out the most 

extensive study of DLA to date however, no differences were found in the incidence of 

delirium with only a 1-day reduction of delirium and coma-free days. The study design 

however had significant limitations and not all clinically important outcomes were measured 

such as sleep efficiency. Wilson (1972) found that twice as many episodes of delirium 

occurred in critical care areas without windows compared to those with windows suggesting 



that poor visible daylight contributes to the development of delirium; lack of visible daylight 

was also found by Van Rompaey et al. (2009) as being a significant risk factor for the 

development of delirium (OR 2.39, 95% CI 1.28-4.45, p=0.003).  

Both Ono et al. (2011) and Taguchi et al. (2007) used BLT of 5000 lux for 2 hours in the 

morning, which had the benefit of being closer to the subjective dawn, which has been 

shown to have a stronger circadian effect (Wirz-Justice et al., 2009).  Both studies 

demonstrated  favourable measures of sleep efficiency and marked deductions in the rates 

of delirium.  

While it is difficult to come to any conclusions for the efficacy of BLT or DLA in reducing the 

prevalence of delirium, a mixed methods study by Engwall et al. (2015) compared patients’ 

experiences of critical care rooms with different lighting environments. One had a cycled 

lighting system specially adapted to support patients’ circadian rhythm while the other used 

an ordinary lighting system. Results from the study showed significant differences in favour 

of the daytime brightness in intervention room (p=0.004) with patients describing the light 

as pleasant and healthy, with increased alertness and positive impacts on mood and feelings 

of security. This suggests important psychological benefits that light therapy may have in 

critical care, and may reduce the incidence of traumatic stressors associated with PTSD, 

including delirium (Vanderbilt University Medical Center, 2013).      

Recommendations 

The complex and multifactorial nature of delirium within critical care suggests that no single 

intervention is likely to be successful (Bourne and Mills, 2006). The use of MNI within critical 

care found consistently marked reductions in the prevalence of delirium. To enable the use 

of MNI within critical care, education of the multidisciplinary team a key factor. Guo et al. 

(2015) and Patel et al. (2014) identify that all critical care staff should have advanced 

training and education in order to implement MNI effectively with heightened awareness of 

delirium risk factors, correct assessment and treatment. Changes in clinical practice should 

also include reductions in iatrogenic sleep disturbance, modification of environmental noise 

and light and daily sedation targets (Patel et al., 2014; Guo et al., 2015; Madrid-Navarro et 

al., 2015). 

 



Although it is too early to recommend the use of melatonin or melatonergic agents as a 

prophylactic treatment of delirium, melatonin has been licensed in the UK for the short-

term treatment of insomnia in adults who are aged 55 and over (Bellapart and Boots, 2012; 

NICE, 2016). With significant chronotherapeutic benefits of improved sleep quality and 

latency, morning alertness and increased quality of life, this may also provide a clinically 

relevant alternative to conventional sedative-hypnotic agents currently being used in critical 

care (Lemoine and Zisapel, 2012; Huang et al., 2014). This is especially relevant for older 

patients in which use of conventional agents may adversely affect cognition, memory, sleep 

structure and increase their risk of delirium (Glass et al., 2005). 

 

While evidence is not strong enough to suggest BLT or DLA would be relevant in current 

practice to reduce the prevalence of delirium, all studies did agree that a natural bright 

lighting style is preferable in the critical care setting, and potential benefits were found 

regarding psychological well-being (Engwall et al., 2015). Application of real time monitoring 

of environmental variables (noise, light and temperature) may help to provide healthcare 

staff with accurate feedback necessary in order to promote circadian rhythms (Madrid-

Navarro et al., 2015).  

 

The identified chronotherapeutic interventions, in particular MNI interventions such as 

frequent patient orientation, enhancement of a ‘day night’ cycle in regards to noise and 

lighting, have promising results, however there is a clear need for large, multicentre RCTs 

which are well coordinated and measure all relevant physiologic outcomes of 

chronotherapy within the critical care setting. This should include delirium prevalence, 

sedation use  and sleep metrics (Logan and Sarkar, 2012; Oldham et al., 2016). Given the 

clinical benefits of restorative deep phases of sleep, further research should also look to use 

validated sleep assessments such as polysomnography in order to be able to gain an 

accurate measure of not only the quantity but also the quality of the sleep which has been 

linked to reductions in delirium (Weinhouse et al., 2009; Parthasarathy and Friese, 2012; 

Patel et al., 2014).  

 

Limitations 



The studies were undertaken globally and it is not clear how this may affect the 

epidemiology of delirium in the critical care setting as there is a paucity of data regarding 

the global prevalence of delirium (Salluh et al., 2010). However, it is important to 

acknowledge that differences in clinical practice may play a significant role in delirium 

prevalence and critical care outcomes (Beale et al., 2009; Patel et al., 2009). All identified 

studies had limitations regarding research design, control of confounding variables and 

lacked validated measures of important outcomes such as sleep. Between the different 

studies, a variety of different interventions were evaluated and different assessment tools 

were used; this inconsistency is a limitation to the review. 

 

Conclusion 

This review assessed whether chronotherapy can be used to reduce the prevalence of 

delirium in the critical care setting. Based on critical appraisal of the current research 

available, mixed results were found regarding the efficacy of the interventions. MNI showed 

greatest chronotherapeutic value for reduced delirium incidence, risk and duration. The 

melatonergic agent Ramelteon also showed promising results, significantly reducing 

incidence of delirium with less risk and frequency of occurrence. BLT and DLA studies 

obtained indeterminate results as no statistically significant differences regarding delirium 

prevalence were found.  

Based on these findings recommendations for practice include increasing the 

multidisciplinary team’s awareness of delirium through training and education, encouraging 

proactive review of medications, iatrogenic sleep disturbance and the critical care 

environment. Whilst more research is needed into the potential chronotherapeutic benefits 

of melatonin and light therapy and their effect on delirium, melatonin as a drug may provide 

a relevant alternative to sedative-hypnotics in older adults and increasing the light/dark 

contrast may provide therapeutic benefits and reduce delirium susceptibility.     

 



 

 

 

 

 

Reference List 

Al-Aama, T., Brymer, C., Gutmanis, I., Woolmore-Goodwin, S. M., Esbaugh, J. and Dasgupta, M. 
(2011) ‘Melatonin decreases delirium in elderly patients: A randomized, placebo-controlled trial’, 
International Journal of Geriatric Psychiatry, 26(7), pp. 687–694. doi: 10.1002/gps.2582. 

American Psychiatric Association (ed.) (2013) Diagnostic and statistical manual of mental disorders: 
DSM-5. 5th ed. Washington, D.C: American Psychiatric Association. 

Aveyard, H (2014) Doing A Literature Review In Health And Social Care: A Practical Guide 
Maidenhead: McGraw- Hill Education  

Barroso, A. and den Brinker, B. (2013) ‘Boosting circadian rhythms with lighting: A model driven 
approach’, Lighting Research and Technology, 45(2), pp. 197–216. doi: 10.1177/1477153512453667. 

Beale, R., Reinhart, K., Brunkhorst, F. M., Dobb, G., Levy, M., Martin, G., Martin, C., Ramsey, G., Silva, 
E., Vallet, B., Vincent, J.-L., Janes, J. M., Sarwat, S. and Williams, M. D. (2009) ‘Promoting Global 

What is known about this topic: 

 Delirium within the critical care setting has a negative impact on patient outcome 

 Chronotherapy may help to maintain circadian rhythm and reduce the likelihood 

of delirium. 

What this paper adds: 

 Multicomponent nonpharmacological interventions can significantly reduce the 

prevalence and duration of delirium within critical care 

 Chronotherapeutic interventions may maintain circadian rhythm and increase 

quality of sleep 

 There may be a role for the use of bright light therapy and melatonergic agents 

within critical care 

 Staff education and training to introduce and establish interventions to promote a 

clear day/ night cycle within critical care areas is essential 



Research Excellence in Severe Sepsis (PROGRESS): Lessons from an International Sepsis Registry’, 
Infection, 37(3), pp. 222–232. doi: 10.1007/s15010-008-8203-z. 

Beecroft, J. M., Ward, M., Younes, M., Crombach, S., Smith, O. and Hanly, P. J. (2008) ‘Sleep 
monitoring in the intensive care unit: comparison of nurse assessment, actigraphy and 
polysomnography’, Intensive Care Medicine, 34(11), pp. 2076–2083. doi: 10.1007/s00134-008-1180-
y. 

Bellapart, J. and Boots, R. (2012) ‘Potential use of melatonin in sleep and delirium in the critically ill’, 
British Journal of Anaesthesia, 108(4), pp. 572–580. doi: 10.1093/bja/aes035. 

Bourne, R. S. and Mills, G. H. (2006) ‘Melatonin: possible implications for the postoperative and 
critically ill patient’, Intensive Care Medicine, 32(3), pp. 371–379. doi: 10.1007/s00134-005-0061-x. 

Bourne, R. S., Mills, G. H. and Minelli, C. (2008) ‘Melatonin therapy to improve nocturnal sleep in 
critically ill patients: encouraging results from a small randomised controlled trial’, Critical Care, 
12(2), p. 52. doi: 10.1186/cc6871. 

Boyko, Y., Ording, H. and Jennum, P. (2012) ‘Sleep disturbances in critically ill patients in ICU: how 
much do we know?’, Acta Anaesthesiologica Scandinavica, 56(8), pp. 950–958. doi: 10.1111/j.1399-
6576.2012.02672.x. 

Bulic, D., Bennett, M. and Shehabi, Y. (2015) ‘Delirium in the intensive care unit and long-term 
cognitive and psychosocial functioning: literature review’, Australian Journal of Advanced Nursing, 
33(1), pp. 44–52. 

Critical Appraisal Skills Programme (2013) CASP: Making sense of evidence. [Online]. Available at: 
http://www.casp-uk.net/ (Accessed: 11 April 2016). 

Delaney, L. J., Van Haren, F. and Lopez, V. (2015) ‘Sleeping on a problem: the impact of sleep 
disturbance on intensive care patients - a clinical review’, Annals of Intensive Care, 5(1). doi: 
10.1186/s13613-015-0043-2. 

Ely, E. W. (2004) ‘Delirium as a Predictor of Mortality in Mechanically Ventilated Patients in the 
Intensive Care Unit’, JAMA, 291(14), p. 1753. doi: 10.1001/jama.291.14.1753. 

Ely, E. W., Stephens, R. K., Jackson, J. C., Thomason, J. W. W., Truman, B., Gordon, S., Dittus, R. S. and 
Bernard, G. R. (2004) ‘Current opinions regarding the importance, diagnosis, and management of 
delirium in the intensive care unit: a survey of 912 healthcare professionals’, Critical Care Medicine, 
32(1), pp. 106–112. doi: 10.1097/01.CCM.0000098033.94737.84. 

Engwall, M., Fridh, I., Johansson, L., Bergbom, I. and Lindahl, B. (2015) ‘Lighting, sleep and circadian 
rhythm: An intervention study in the intensive care unit’, Intensive and Critical Care Nursing, 31(6), 
pp. 325–335. doi: 10.1016/j.iccn.2015.07.001. 

Fitzgerald, J. M., Adamis, D., Trzepacz, P. T., O’Regan, N., Timmons, S., Dunne, C. and Meagher, D. J. 
(2013) ‘Delirium: A disturbance of circadian integrity?’, Medical Hypotheses, 81(4), pp. 568–576. doi: 
10.1016/j.mehy.2013.06.032. 

Girard, T. D., Jackson, J. C., Pandharipande, P. P., Pun, B. T., Thompson, J. L., Shintani, A. K., Gordon, 
S. M., Canonico, A. E., Dittus, R. S., Bernard, G. R. and Wesley Ely, E. (2010) ‘Delirium as a predictor of 
long-term cognitive impairment in survivors of critical illness’, Critical Care Medicine, 38(7), pp. 
1513–1520. doi: 10.1097/CCM.0b013e3181e47be1. 



Girard, T. D., Pandharipande, P. P. and Ely, E. W. (2008) ‘Delirium in the intensive care unit’, Critical 
Care, 12(3), p. 3. doi: 10.1186/cc6149. 

Glass, J., Lanctot, K. L., Herrmann, N., Sproule, B. A. and Busto, U. E. (2005) ‘Sedative hypnotics in 
older people with insomnia: meta-analysis of risks and benefits’, British Medical Journal, 331(7526), 
p. 1169. doi: 10.1136/bmj.38623.768588.47. 

Gunther, M. L., Morandi, A., Krauskopf, E., Pandharipande, P., Girard, T. D., Jackson, J. C., Thompson, 
J., Shintani, A. K., Geevarghese, S., Miller, R. R., Canonico, A., Merkle, K., Cannistraci, C. J., Rogers, B. 
P., Gatenby, J. C., Heckers, S., Gore, J. C., Hopkins, R. O. and Ely, E. W. (2012) ‘The association 
between brain volumes, delirium duration, and cognitive outcomes in intensive care unit survivors: 
The VISIONS cohort magnetic resonance imaging study’, Critical Care Medicine, 40(7), pp. 2022–
2032. doi: 10.1097/CCM.0b013e318250acc0. 

Guo, Y., Sun, L., Li, L., Jia, P., Zhang, J., Jiang, H. and Jiang, W. (2015) ‘Impact of multicomponent, 
nonpharmacologic interventions on perioperative cortisol and melatonin levels and postoperative 
delirium in elderly oral cancer patients’, Archives of Gerontology and Geriatrics, 62, pp. 112–117. 
doi: 10.1016/j.archger.2015.10.009. 

Hatta, K., Kishi, Y., Wada, K., Takeuchi, T., Odawara, T., Usui, C. and Nakamura, H. (2014) ‘Preventive 
Effects of Ramelteon on Delirium: A Randomized Placebo-Controlled Trial’, JAMA Psychiatry, 71(4), 
p. 397. doi: 10.1001/jamapsychiatry.2013.3320. 

Huang, H., Jiang, L., Shen, L., Zhang, G., Zhu, B., Cheng, J. and Xi, X. (2014) ‘Impact of oral melatonin 
on critically ill adult patients with ICU sleep deprivation: study protocol for a randomized controlled 
trial’, Trials, 15(1), p. 327. doi: 10.1186/1745-6215-15-327. 

Ibrahim, M. G., Bellomo, R., Hart, G. K., Norman, T. R., Goldsmith, D., Bates, S. and Egi, M. (2006) ‘A 
double-blind placebo-controlled randomised pilot study of nocturnal melatonin in tracheostomised 
patients’, Critical Care and Resuscitation: Journal of the Australasian Academy of Critical Care 
Medicine, 8(3), pp. 187–191. 

Inouye, S. K., Bogardus, S. T., Charpentier, P. A., Leo-Summers, L., Acampora, D., Holford, T. R. and 
Cooney, L. M. (1999) ‘A multicomponent intervention to prevent delirium in hospitalized older 
patients’, The New England Journal of Medicine, 340(9), pp. 669–676. doi: 
10.1056/NEJM199903043400901. 

de Jonghe, A., van Munster, B. C., Goslings, J. C., Kloen, P., van Rees, C., Wolvius, R., van Velde, R., 
Levi, M., de Haan, R. J. and de Rooij, S. E. (2014) ‘Effect of melatonin on incidence of delirium among 
patients with hip fracture: a multicentre, double-blind randomized controlled trial’, Canadian 
Medical Association Journal, 186(14), pp. 547–556. doi: 10.1503/cmaj.140495. 

Koyama, E., Matsubara, H. and Nakano, T. (1999) ‘Bright light treatment for sleep-wake disturbances 
in aged individuals with dementia’, Psychiatry and Clinical Neurosciences, 53(2), pp. 227–229. doi: 
10.1046/j.1440-1819.1999.00483.x. 

Lemoine, P. and Zisapel, N. (2012) ‘Prolonged-release formulation of melatonin (Circadin) for the 
treatment of insomnia’, Expert Opinion on Pharmacotherapy, 13(6), pp. 895–905. doi: 
10.1517/14656566.2012.667076. 

Logan, R. W. and Sarkar, D. K. (2012) ‘Circadian nature of immune function’, Molecular and Cellular 
Endocrinology, 349(1), pp. 82–90. doi: 10.1016/j.mce.2011.06.039. 



Madrid-Navarro, C. J., Sanchez-Galvez, R., Martinez-Nicolas, A., Marina, R., Garcia, J. A., Madrid, J. A. 
and Rol, M. A. (2015) ‘Disruption of Circadian Rhythms and Delirium, Sleep Impairment and Sepsis in 
Critically ill Patients. Potential Therapeutic Implications for Increased Light-Dark Contrast and 
Melatonin Therapy in an ICU Environment’, Current Pharmaceutical Design, 21(24), pp. 3453–3468. 

Meagher, D. J., Moran, M., Raju, B., Gibbons, D., Donnelly, S., Saunders, J. and Trzepacz, P. T. (2007) 
‘Phenomenology of delirium: Assessment of 100 adult cases using standardised measures’, The 
British Journal of Psychiatry, 190(2), pp. 135–141. doi: 10.1192/bjp.bp.106.023911. 

National Institute for Health and Care Excellence (2010) ‘Delirium: prevention, diagnosis and 
management’. NICE. [Online] Available at: https://www.nice.org.uk/guidance/cg103 (Accessed: 9 
December 2015). 

National Institute for Health and Care Excellence (2016) Melatonin, British National Formulary. 
[Online]. Available at: https://www.evidence.nhs.uk/formulary/bnf/current/4-central-nervous-
system/41-hypnotics-and-anxiolytics/411-hypnotics/melatonin/melatonin (Accessed: 24 April 2016). 

Oldham, M. A., Lee, H. B. and Desan, P. H. (2016) ‘Circadian Rhythm Disruption in the Critically Ill: An 
Opportunity for Improving Outcomes’, Critical Care Medicine, 44(1), pp. 207–217. doi: 
10.1097/CCM.0000000000001282. 

O’Mahony, R., Murthy, L., Akunne, A. and Young, J. (2011) ‘Synopsis of the National Institute for 
Health and Clinical Excellence Guideline for Prevention of Delirium’, Annals of Internal Medicine, 
154(11), p. 746. doi: 10.7326/0003-4819-154-11-201106070-00006. 

Ono, H., Taguchi, T., Kido, Y., Fujino, Y. and Doki, Y. (2011) ‘The usefulness of bright light therapy for 
patients after oesophagectomy’, Intensive and Critical Care Nursing, 27(3), pp. 158–166. doi: 
10.1016/j.iccn.2011.03.003. 

Page, V. and Ely, W. (2011) Delirium in Critical Care. Cambridge: Cambridge University Press. [Online] 
Available at: http://ebooks.cambridge.org/ref/id/CBO9780511997389 (Accessed: 8 December 2015). 

Parthasarathy, S. and Friese, R. (2012) ‘Sleep, Circadian Rhythms, and Critical Illness’, SLEEP, 35(8), 
pp. 1029–1030. doi: 10.5665/sleep.1980. 

Patel, J., Baldwin, J., Bunting, P. and Laha, S. (2014) ‘The effect of a multicomponent multidisciplinary 
bundle of interventions on sleep and delirium in medical and surgical intensive care patients’, 
Anaesthesia, 69(6), pp. 540–549. doi: 10.1111/anae.12638. 

Patel, R. P., Gambrell, M., Speroff, T., Scott, T. A., Pun, B. T., Okahashi, J., Strength, C., 
Pandharipande, P., Girard, T. D., Burgess, H., Dittus, R. S., Bernard, G. R. and Ely, E. W. (2009) 
‘Delirium and sedation in the intensive care unit: Survey of behaviors and attitudes of 1384 
healthcare professionals’, Critical Care Medicine, 37(3), pp. 825–832. doi: 
10.1097/CCM.0b013e31819b8608. 

Salluh, J. I., Soares, M., Teles, J. M., Ceraso, D., Raimondi, N., Nava, V. S., Blasquez, P., Ugarte, S., 
Ibanez-Guzman, C., Centeno, J. V., Laca, M., Grecco, G., Jimenez, E., Árias-Rivera, S., Duenas, C., 
Rocha, M. G. and The DECCA (Delirium Epidemiology in Critical Care) Study Group (2010) ‘Delirium 
epidemiology in critical care (DECCA): an international study’, Critical Care, 14(6), p. 210. doi: 
10.1186/cc9333. 



Shilo, L., Dagan, Y., Smorjik, Y., Weinberg, U., Dolev, S., Komptel, B. and Shenkman, L. (2000) ‘Effect 
of Melatonin on Sleep Quality of COPD Intensive Care Patients: a pilot study’, Chronobiology 
International, 17(1), pp. 71–76. doi: 10.1081/CBI-100101033. 

Simons, K. S., Laheij, R. J. F., van den Boogaard, M., Moviat, M. A. M., Paling, A. J., Polderman, F. N., 
Rozendaal, F. W., Salet, G. A. M., van der Hoeven, J. G., Pickkers, P. and de Jager, C. P. C. (2016) 
‘Dynamic light application therapy to reduce the incidence and duration of delirium in intensive-care 
patients: a randomised controlled trial’, The Lancet Respiratory Medicine, 4(3), pp. 194–202. doi: 
10.1016/S2213-2600(16)00025-4. 

Sultan, S. S. (2010) ‘Assessment of role of perioperative melatonin in prevention and treatment of 
postoperative delirium after hip arthroplasty under spinal anesthesia in the elderly’, Saudi Journal of 
Anaesthesia, 4(3), p. 169. doi: 10.4103/1658-354X.71132. 

Taguchi, T., Yano, M. and Kido, Y. (2007) ‘Influence of bright light therapy on postoperative patients: 
A pilot study’, Intensive and Critical Care Nursing, 23(5), pp. 289–297. doi: 
10.1016/j.iccn.2007.04.004. 

Terman, M. and Terman, J. S. (2006) ‘Controlled Trial of Naturalistic Dawn Simulation and Negative 
Air Ionization for Seasonal Affective Disorder’, American Journal of Psychiatry, 163(12), pp. 2126–
2133. doi: 10.1176/ajp.2006.163.12.2126. 

Terman, M. and Terman, J. S. (2010) ‘Circadian Rhythm Phase Advance with Dawn Simulation 
Treatment for Winter Depression’, Journal of Biological Rhythms, 25(4), pp. 297–301. doi: 
10.1177/0748730410374000. 

Vanderbilt University Medical Center (2013) Post-Traumatic Stress Disorder (PTSD). [Online] 
Available at: http://www.icudelirium.org/ptsd.html (Accessed: 24 April 2016). 

Van Rompaey, B., Elseviers, M. M., Schuurmans, M. J., Shortridge-Baggett, L. M., Truijen, S. and 
Bossaert, L. (2009) ‘Risk factors for delirium in intensive care patients: a prospective cohort study’, 
Critical Care, 13(3), p. 77. doi: 10.1186/cc7892. 

Vidan, M. T., Sanchez, E., Alonso, M., Montero, B., Ortiz, J. and Serra, J. A. (2009) ‘An Intervention 
Integrated into Daily Clinical Practice Reduces the Incidence of Delirium During Hospitalization in 
Elderly Patients’, Journal of the American Geriatrics Society, 57(11), pp. 2029–2036. doi: 
10.1111/j.1532-5415.2009.02485.x. 

Weinhouse, G. L., Schwab, R. J., Watson, P. L., Patil, N., Vaccaro, B., Pandharipande, P. and Ely, E. W. 
(2009) ‘Bench-to-bedside review: Delirium in ICU patients - importance of sleep deprivation’, Critical 
Care, 13(6), p. 234. doi: 10.1186/cc8131. 

Wenham, T. and Pittard, A. (2009) ‘Intensive care unit environment’, Continuing Education in 
Anaesthesia, Critical Care & Pain, 9(6), pp. 178–183. doi: 10.1093/bjaceaccp/mkp036. 

Wilson, L. M. (1972) ‘Intensive Care Delirium: The Effect of Outside Deprivation in a Windowless 
Unit’, Archives of Internal Medicine, 130(2), p. 225. doi: 10.1001/archinte.1972.03650020055010. 

Wirz-Justice, A., Benedetti, F. and Terman, M. (2009) Chronotherapeutics for Affective Disorders: A 
Clinician’s Manual for Light and Wake Therapy. Basel: Karger Medical and Scientific Publishers. 
[Online] Available at: http://www.karger.com/Book/Home/244116 (Accessed: 27 April 2016). 



Zaal, I. J., Devlin, J. W., Peelen, L. M. and Slooter, A. J. C. (2015) ‘A Systematic Review of Risk Factors 
for Delirium in the ICU’, Critical Care Medicine, 43(1), pp. 40–47. doi: 
10.1097/CCM.0000000000000625. 

 


