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ONLINE CLINICAL INVESTIGATION

Modification in ICU Design May Affect Delirium 
and Circadian Melatonin: A Proof of Concept 
Pilot Study
OBJECTIVES: Nonpharmacologic delirium management is recommended by 
current guidelines, but studies on the impact of ICU design are still limited. The 
study’s primary purpose was to determine if a multicomponent change in room de-
sign prevents ICU delirium. Second, the influence of lighting conditions on serum 
melatonin was assessed.

DESIGN: Prospective observational cohort pilot study.

SETTING: The new design concept was established in two two-bed ICU rooms 
of a university hospital. Besides modifications aimed at stress relief, it includes a 
new dynamic lighting system.

PATIENTS: Seventy-four adult critically ill patients on mechanical ventilation 
with an expected ICU length of stay of at least 48 hours, treated in modified or 
standard rooms.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: The clinical examination included 
a prospective assessment for depth of sedation, delirium, and pain every 8 hours 
using validated scores. Blood samples for serum melatonin profiles were collected 
every 4 hours for a maximum of three 24-hour periods. Seventy-four patients were 
included in the analysis. Seventy-six percent (n = 28) of patients in the standard 
rooms developed delirium compared with 46% of patients (n = 17) in the mod-
ified rooms (p = 0.017). Patients in standard rooms (vs. modified rooms) had a 
2.3-fold higher delirium severity (odds ratio = 2.292; 95% CI, 1.582–3.321; p 
< 0.0001). Light intensity, calculated using the measure of circadian effective 
irradiance, significantly influenced the course of serum melatonin (p < 0.0001). 
Significant interactions (p < 0.001) revealed that differences in serum melatonin 
between patients in standard and modified rooms were not the same over time 
but varied in specific periods of time.

CONCLUSIONS: Modifications in ICU room design may influence the incidence 
and severity of delirium. Dedicated light therapy could potentially influence de-
lirium outcomes by modulating circadian melatonin levels.

KEYWORDS: architecture; circadian rhythm; critical care; delirium; melatonin; 
nonpharmacological

Delirium is the most frequent psychiatric syndrome in critically ill 
patients. This manifestation of acute brain dysfunction is inde-
pendently associated with a three-fold higher risk for 6-month 

mortality (1). About one-third of ICU survivors have worse long-term 
cognitive scores similar in severity to that of patients with mild Alzheimer 
disease (2). Recent clinical trials investigating pharmacologic strategies 
for managing ICU delirium have failed to demonstrate beneficial effects 
on delirium incidence, symptom severity, or clinical outcomes (3, 4). 
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Hence, the focus has moved toward nonpharmaco-
logic approaches (5). The Society of Critical Care 
Medicine recommends a comprehensive interven-
tion bundle to manage pain, agitation, delirium, 
immobility, and sleep disruption. This includes reo-
rientation, cognitive stimulation, regulated lighting 
and sound, and minimized sedation and immo-
bility (6). Being unable to sleep is among the top 
10 ICU stressors among critically ill patients (7). 
ICU patients frequently develop circadian rhythm 
disruption and sleep disturbances (8, 9). Our re-
search group developed a new ICU room concept, 
including a dynamic lighting system (DLS), that is 
supposed to reduce patients’ stress and promote 
circadian alignment, thus minimizing the time 
for sedation and allowing patients to receive early 
cognitive stimulation and mobilization more fre-
quently (10). The concept is intended to facilitate 
the implementation of delirium prevention bun-
dles. We hypothesized that mechanically ventilated 
critically ill patients treated in modified rooms have 
less delirium compared with patients treated in the 
standard rooms in the same ICU. Second, we postu-
lated a significant association between lighting con-
ditions and circadian serum melatonin levels, which 
were supposed to behave differently for patients in 
modified and standard rooms. Preliminary results 
of this study have previously been presented in ab-
stract form (11).

MATERIALS AND METHODS

The “Evaluation of the All-New Environment 
for Critically Ill Patients” (VITALITY) prospec-
tive cohort study was conducted at the Charité—
Universitätsmedizin Berlin Hospital and registered 
at ClinicalTrials.gov (NCT02143661). The study was 
approved by the Charité’s Ethics Committee (number 
EA1/019/14; approval date September 10, 2014) and 
the institutional data protection officer. After ICU ad-
mission, written informed consent was obtained from 
all patients or their authorized surrogates; if consent 
was initially obtained from a surrogate, we obtained 
consent from the patients once they were deemed le-
gally competent. All procedures were followed under 
the ethical standards of Charité’s Ethics Committee on 
humans and with the Helsinki Declaration of 1975.

Study Population

The study participants were mechanically ventilated 
patients admitted to the ICU 8i at Campus Virchow-
Klinikum, 18 years old or older, and had an expected 
ICU length of stay (LOS) of at least 48 hours.

Exclusion criteria were as follows: substantial recent 
ICU exposure (2), ICU readmission during the current 
hospital stay, psychiatric or sleep disorders, delirium at 
admission, analphabetism, amaurosis, anacusis or se-
vere hypoacusis, history of stroke and known residual 
cognitive deficits, history of cardiopulmonary arrest 
or pulseless electric activity with cardiopulmonary 
resuscitation followed by therapeutic hypothermia 
during the current hospital stay, history or suspi-
cion of hypoxic brain damage, intracranial bleeding 
(ICB) or elevated intracranial pressure (ICP) 7 days 
before study inclusion, open chest after cardiac sur-
gery, patients who were unlikely to survive for 24 hour,  
liver-cirrhosis, non-German speaking patients, in-
formed consent could not be obtained or was refused, 
patients with participation in other clinical trials and 
patients with accommodation in an institution due to 
an official or judicial order.

Interventions

From April to October 2013, two of the seven 
double bedrooms received extensive changes in ar-
chitectural room and interior design (10). Besides 
modifications for stress relief, noise reduction, 

 
KEY POINTS

Question: Does a multicomponent change in ICU 
room design, including light therapy, prevent de-
lirium in mechanically ventilated patients?

Findings: With a frequency of 76% versus 46% 
and a 2.3-fold higher severity, the delirium burden 
was significantly higher for patients in standard 
rooms than those treated in the modified rooms. 
The different light intensities between standard and 
modified rooms significantly influenced patients’ 
circadian melatonin patterns.

Meanings: Modifications in ICU room  
design may reduce delirium, where dedicated 
light potentially contributed to differences in 
outcome.
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cognitive training, early mobilization, and workflow  
optimization, we developed a new DLS for patient-
individualized lighting therapy (12, 13). The terms 
“standard rooms” and “modified rooms” refer to 
patient rooms without (Fig. 1A) and with (Fig. 1B) 
modifications, respectively.

Dynamic Lighting System. Each bed within the 
modified rooms is equipped with the newly developed 
DLS (10, 13, 14). The term DLS refers to a feature set 
that allows controlling and timing of both the illumi-
nance (EV, Lux [㏓]) and the correlated color temper-
ature (CCT, kelvin [K]). EV and CCT values for the 
lighting schedule were calculated to secure maximal 
melatonin suppression. As EV and CCT exert distinct 
melanopic effects, circadian effective irradiance (EC 
measured in 𝑊 × 𝑚−2), a measure of correlated data 
effective irradiance for melatonin suppression, was cal-
culated from data of spectral irradiance of lighting at 
the patient’s eye level, which was weighted by the action 
spectrum of melatonin suppression, and integrated 
above the whole range of effective wavelengths (15, 
16). Thus, a maximum EC of 2.5 𝑊 × 𝑚−2 was achieved 
between 12 pm and 2 pm. To apply these high EC levels 
safely, luminous intensity (LV, candela [㏅]), a measure 
of glare, was quantified at the eye level: LV reached its 
maximum at noon with 385 ㏅ × 𝑚−2, which is below 
the threshold of relative glare (LVtt = 500 ㏅ × 𝑚−2) (17). 
Standard rooms are equipped with white-light fluores-
cent tube ceiling lamps (FT-CL). As EV and CCT for 
the FT-CLs cannot be changed, patients were exposed 
to a static EC of 0.3263 𝑊 × 𝑚−2 (Supplementary Fig. 
1, http://links.lww.com/CCM/H465).

Scheduled Assessments and Procedures

Study measures began the morning after ICU admis-
sion. The clinical examination incorporated a pro-
spective assessment for depth of sedation, delirium, 
and pain, conducted at least every 8 hours. Delirium 
was assessed using the Confusion Assessment Method 
for the ICU (CAM-ICU) (18). Delirium severity was 
calculated daily using the Intensive Care Delirium 
Screening Checklist (ICDSC) (19, 20). The delirium 
assessment could not be conducted for patients with 
a Richmond Agitation Sedation Scale (RASS) of −3 
or lower at the time of examination (21). Pain was 
assessed using the Numeric Rating Scale – Visualized 
(22). For patients with delirium or a RASS below −3, 
we used the Behavioral Pain Scale (BPS) or the BPS 
for Non-Intubated (BPS-NI) (23). Analgesia was con-
sidered sufficient if BPS (-NI) was below 5 or NRS-V 
was below 4.

The study protocol comprised three serum mel-
atonin assessment periods (SMAP-A, -B, and -C). 
All included patients completed the SMAP-A, which 
began the morning after ICU admission. If a patient 
was prepared for ICU discharge upon completing ei-
ther SMAP-A or SMAP-B, no further assessments were 
conducted. Every morning at 06:00 am, the patient’s 
depth of sedation was evaluated (Sedation Checkup 
Period [SCP]). SMAP-B and SMAP-C were only initi-
ated if the patient had a RASS score of –3 or higher. 
Depending on the patient’s sedation status, multiple 
days (SCPs) could pass before starting either SMAP-B 
or SMAP-C. During every SMAP, blood samples were 

taken from the arterial line 
every 4 hours, starting at 
08:00 am and ending at 
08:00 am the following day, 
for a total of seven samples 
(Supplementary Fig. 2, 
http://links.lww.com/CCM/
H465).

Assessment of Circadian 
Melatonin Secretion. Blood 
samples of 10 mL each were 
taken from the arterial can-
nula and immediately cen-
trifuged to extract serum. 
Melatonin concentrations 
were determined using a 
125-J radioimmunoassay 

Figure 1. Pictures from one of the two-bed-rooms on ICU-8i at Charité Campus Virchow-Klinikum 
before (A) and after (B) the architectural and design modifications. The light-emitting area of each 
dynamic lighting system covers a surface of up to 6.1 m × 2.4 m for one ICU bed.

http://links.lww.com/CCM/H465
http://links.lww.com/CCM/H465
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(type BA 3300, Labor Diagnostika Nord GmbH, 
Nordhorn, Germany; measurement range: 0/3.0–300 
pg/mL and sensitivity: 1.6 pg/mL according to infor-
mation by the manufacturer).

Statistical Analysis

The sample size calculation for patients was done a 
priori. Supposing a difference in events of delirium 
of 70% (standard room) versus 35% (modified room) 
with ɑ = 5% (two-sided) and a power of 80%, 37 
patients for each group were required. Results were 
expressed as medians with percentile range (25th–
75th percentile) in case of continuous variables; abso-
lute and relative frequencies were used for categorical 
and dichotomous variables. Because of limited sample 
sizes and nonsymmetrically distributed observations, 
we preferably applied nonparametric statistics. ICU 
delirium was univariately tested using the nonpara-
metric (exact) Mann-Whitney and Fisher exact tests 
for independent groups. Furthermore, a Generalized 
Linear Model (GLM) with Poisson log-linear distri-
bution was applied for a more complex analysis of 
the delirium counts (24). Delirium severity was ana-
lyzed, considering the observations’ dependency over 
time. Generalized Estimating Equations (GEE) with a 
Poisson log-linear model were applied to analyze the 
impact of different rooms on delirium severity over 
time (25). Differences in delirium severity between 
standard and modified rooms with respect to the 
whole-time course were also analyzed using multivar-
iate nonparametric analysis of longitudinal data in a 
two-factorial design (MANOVA) (first factor [inde-
pendent], groups (rooms); second factor [dependent], 
study visits) (26). This cumulates in three tests: differ-
ences in groups, significant changes in time, and inter-
actions between groups and time. When appropriate, 
multivariate nonparametric covariance analysis of 
longitudinal data (MANCOVA) using baseline values 
and other influencing factors as covariates was com-
plemented (27). The same procedure has been applied 
to further interesting time-dependent secondary end-
points such as serum melatonin levels. We considered 
a p value of less than 0.05 (two-sided) statistically sig-
nificant. All tests should be understood as constituting 
exploratory data analysis in that no adjustments for 
multiple testing were made. The p values achieved are 
to be interpreted in the sense of a pilot study, that is, do 
not allow any confirmatory generalization. Numerical 

calculations were performed using SAS, Version 9.4 
(TS1M3) (SAS Institute, Cary, NC), Stata Statistical 
Software: Release 17 (StataCorp LLC, College Station, 
TX), IBM SPSS Statistics, Version 28 (SPSS, an IBM 
Company, Chicago, IL), and the R Project for Statistical 
Computing, Version 3.0.2 (R Foundation for Statistical 
Computing, Vienna, Austria). 

Illustration of Relative Effects and Relative Effect 
Sizes. The results in the MANOVA and MANCOVA 
can be illustrated by so-called relative effects and rela-
tive effect sizes. Regarding different groups of a study 
in the MANOVA, the relative effect RE (X) of a clin-
ical parameter X in a certain group corresponds to the 
treatment effect of that group (on a scale between 0 
and 1 according to probability) relative to all groups; 
in other words, with respect to an average treatment 
effect. X has a greater relative effect in a group relative 
to all groups if RE (X) greater than 1 (middle of the 
scale). RE (X) is greater than 1 means no relative effect 
of X. The analogous effect RE (X|C) in the MANCOVA, 
henceforth referred to as relative effect size, results 
from a linear combination of the relative effect RE (X) 
of the target variable X and the relative effect RE (C) of 
the covariate according to RE (X|C) = RE (X) + r × RE 
(C) (r, regression parameter of the covariate).

RESULTS

We screened 1165 patients between June 28, 2014, and 
June 1, 2017. Ninety-nine patients were enrolled. The 
most frequent reasons for screening failure included 
an anticipated ICU-LOS less than 48 hours (n = 267), 
an ICB or elevated ICP (n = 157), and patients with 
substantial recent ICU exposure (n = 143). A total of 
12 patients or their representatives withdrew IC during 
study assessments. Three patients in the standard rooms 
and four in the modified rooms died before obtaining 
the first valid delirium assessment. Six patients were 
discharged before completion of the study period due 
to internal capacity allocation decisions made by the 
leading ICU physician in charge (Supplementary Fig. 
3, http://links.lww.com/CCM/H465). General patient 
characteristics and outcome parameters did not re-
veal statistical differences between groups (Table 1). 
Because sedation intensity within the first 48 hours has 
been shown to increase the hazard of developing de-
lirium (28), we compared early sedation status between 
groups: The median RASS on the first study day for 
patients in standard rooms was lower compared with 

http://links.lww.com/CCM/H465
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patients in modified rooms but did not reach statistical 
significance (–4 [–5 to 0] vs. 0 [–5 to 0], p = 0.0626) 
(Fig. 2). The relative frequency of assessments with 
sufficient analgesia was 81% versus 80% for standard 
and modified rooms, respectively.

Prevalence and Severity of Delirium

Seventy-six percent (n = 28) of patients in the standard 
rooms developed delirium compared with 46% of 
patients (n = 17) in the modified rooms (p = 0.017) 
(Fig. 2). The GLM with a Poisson log-linear distri-
bution revealed a significant association between the 
prevalence of delirium and the type of ICU room  
(p = 0.011): Patients treated in the standard rooms 
had a 1.7-fold increased risk for developing delirium 
compared with patients treated in the modified rooms 
(odds ratio [OR] = 1.65; 95% CI, 1.12–2.41).

Delirium severity was significantly lower for 
patients treated in modified compared with patients 
in standard rooms (0 [interquartile range, IQR, 0–2] 
vs. 3 [IQR, 1–4], p < 0.0001). The GEE with a Poisson 
log-linear model revealed a significant association be-
tween the ICDSC score and the ICU rooms: Patients in 

standard rooms had a 2.3-fold higher delirium severity 
than those in modified rooms (OR = 2.292; 95% CI, 
1.582–3.321). Furthermore, MANOVA for delirium 
severity showed a statistically significant difference be-
tween groups (p < 0.0001) with higher ICDSC scores 
for patients in standard rooms. In addition, MANOVA 
revealed significant systematic changes in ICDSC 
scores over time (p < 0.0001). Finally, MANCOVA, 
adjusted for baseline (first ICDSC assessment), re-
vealed not only a significant influence of the baseline 
ICDSC scores over time (p = 0.0243) but also signifi-
cant differences between rooms over the entire assess-
ment period (p = 0.0183).

Because the depth of sedation is an independent 
risk factor for ICU delirium (28), we included base-
line ICDSC values and RASS as covariates in the 
MANCOVA. Statistics confirmed the influence of 
baseline (p = 0.0243) but revealed that the sedation 
status of patients had no significant effect on the 
course of delirium severity during the study interven-
tion (p = 0.2262). Delirium severity, adjusted for both 
covariates, significantly differed between patients in 
standard and modified rooms during study days (p = 
0.0162) (Fig. 3).

TABLE 1.
Demographics and General Outcome Parameters of the Patients

Parameter Standard Room (n = 37) Modified Room (n = 37) p 

Age, yr 59 (43–71)a 57 (42–67)a 0.5665b

Male, n 14 16 0.8130c

Emergency admission, n 27 25 0.8000c

Acute Physiology and Chronic Health 
Evaluation II at admission

24 (15–29)a 22 (12–16)a 0.3866b

Simplified Acute Physiology Score II at 
admission

42 (31–61)a 38 (25–51)a 0.1784b

Sepsis-related Organ Failure assessment 
score at admission

9 (6–11)a 7 (4–10)a 0.1023b

Surgical Intervention, n 21 21 1.0000c

ICU length of stay, d 14 (9–23)a 11 (5–20)a 0.3408b

Mechanical ventilation, hr 235 (68–508)a 211 (46–434)a 0.6670b

Hospital length of stay, d 23 (15–38)a 23 (18–38)a 0.6495b

Discharge to home, n 14 20 0.2430c

In hospital mortality, n 4 3 1.0000c

aValues are presented as medians with an interquartile range (25th–75th) in parentheses.
bExact Mann-Whitney U test. 
cFisher exact test.
A p < 0.05 was considered significant.
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Lighting Intervention and Serum Melatonin 
Levels

The multivariate, nonparametric covariance analysis 
of longitudinal data revealed a significant influence 
of EC on the course of serum melatonin for SMAP-A, 
-B, and -C (p < 0.0001) (Fig. 2). Serum melatonin 
levels under the influence of EC were significantly 
different between patients in standard and modified 
rooms during the whole-time course of SMAP-A (p = 
0.0002) but not for SMAP-B and SMAP-C (p = 0.0998 
and p = 0.5904, respectively). Patients in both groups 
showed systematic time effects for SMAP-A, -B, and 

-C, referring to significant 
changes in serum mela-
tonin levels in time (p < 
0.001). Furthermore, there 
were significant interac-
tions for all assessment 
periods (p < 0.001), re-
vealing that differences be-
tween rooms were not the 
same over time but varied 
during specific periods 
(Table 2).

Figure 4 plots the rel-
ative effect sizes of serum 
melatonin levels under the 
influence of EC for patients 
in standard and modified 
rooms during SMAP-A, -B, 
and -C: Differences in rel-
ative effect sizes between 
rooms are clearly recogniz-
able between 08:00 am and 
04:00 pm, which disappear 
during evening and night, 
representing different devi-
ations between rooms in 
time or interactions.

DISCUSSION

Reshaping the ICU envi-
ronment using architectural 
interventions and targeting 
patient-specific outcomes 
has drawn increasing in-
terest among researchers 

within the last decade. The shift toward less sedation 
enables caregivers, patients, and relatives to use room 
design features to actively support the healing process 
(6, 10, 29). Zaal et al (30) were among the first to study 
the effect of comprehensive change in ICU room de-
sign on delirium. They considered the patients’ per-
ceptions of the bedside environment as the primary 
concern, with a key critical focus on the formation of 
a physiologic day–night rhythm. Besides providing 
single-bed rooms, the design featured large windows 
to ensure appropriate lighting conditions. The authors 
found a nonsignificant decrease of 0.4 days in delirium 

Figure 2. Delirium diagnosis, mean Richmond Agitation Sedation Scale (RASS) values, and mean 
serum melatonin levels during serum melatonin assessment periods (SMAP) A, B, and C. CEI = 
circadian effective irradiance.
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duration. Major limitations of the study led by Zaal et 
al (30) were the before-and-after design and the po-
tential alterations in adherence to guidelines and treat-
ment protocols, which might have changed during the 
16-month study period. Conversely, the strength of 
our study is that we analyzed delirium outcomes for 
patients between rooms in a two-armed parallel group 

design. Furthermore, we monitored delirium severity, 
revealing significantly lower scores for patients in the 
modified rooms. This difference in symptom severity 
remained significant in the longitudinal analysis even 
after adjustment for baseline ICDSC and depth of se-
dation. With respect to study data that prove the pre-
diction of outcomes depending on the duration and 
severity of delirium, our results become even more im-
portant (31, 32). It suggests that the design interven-
tions may promote sustainable effects during the ICU 
stay. Besides others, our room modifications were in-
tended to entrain and maintain circadian rhythmicity. 
Critically ill patients are especially susceptible to cir-
cadian disruption, mainly due to the high severity of 
illness, sensory deprivation, and exposure to environ-
ments with inadequate sound and lighting. Over two 
decades ago, research discovered disrupted circadian 
melatonin secretion in patients with sepsis (33). A link 
between inadequate sensory input, pathologic mela-
tonin patterns, sleep disturbances, and delirium in the 
ICU has long been postulated (34). There is increasing 
evidence for a “loss of chronofitness” during critical 

TABLE 2.
Multivariate Test Statistics of Serum Melatonin Under the Influence of Circadian Effective 
Irradiance

Hypothesis 

p

SMAP-A SMAP-B SMAP-C 

Difference between groups during entire SMAP 0.0002 0.0998 0.5904

Systematic time effect < 0.0001 < 0.0001 < 0.0001

Interactions: Differences do change during SMAP between groups < 0.0001 < 0.0001 0.0002

SMAP = serum melatonin assessment period, SMAP-A = first day of intervention, SMAP-B = third day of intervention or later,  
SMAP-C = fifth day of intervention or later.

Figure 3. Delirium severity: relative effects from scoring results 
with the intensive care delirium screening checklist (ICDSC) 
between patients in standard and modified rooms. ICDSC 
scorings were conducted once daily at the beginning and end of 
each serum melatonin assessment period (SMAP).

Figure 4. Relative effect sizes of serum melatonin levels under the influence of circadian effective irradiance (EC). CEI = circadian 
effective irradiance, SMAP = serum melatonin assessment period, SMAP-A = first day of intervention, SMAP-B = third day of 
intervention or later, SMAP-C = fifth day of intervention or later.
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care, which has also been shown on the molecular 
level (35). Interestingly, circadian clock gene altera-
tions emerge within the first few days of ICU treat-
ment rather than being evident upon admission (36). 
Hence, guidelines for ICU design do recommend ad-
equate artificial lighting with a high-intensity light 
source that should feature adjustable illuminance lev-
els (37). Compliance with distinct photometric param-
eters is mandatory to ensure the circadian efficacy of 
lighting (38, 39). A retrospective study revealed that 
mechanically ventilated patients with access to day-
light and window views experienced shorter ICU-LOS 
than those in windowless rooms (40). Still, natural 
light that enters the room through windows is poorly 
controllable: EV shows an exponential decline with 
increasing distance from the window (41). This par-
tially explains why a study comparing delirium among 
patients treated in rooms with and without windows 
failed to show significant results (42). Consequently, 
we decided on a highly customizable DLS with a large 
surface area. The DLS underwent extensive evaluation 
before clinical use to secure sufficient EC at the patients’ 
eye level (13). Our study results revealed different cir-
cadian melatonin patterns between patients in both 
groups, attributable to distinct photometric param-
eters of the DLS and the FT-CL. These findings con-
trast previous results from a randomized controlled 
trial (RCT), which showed no effect of bright-light 
therapy on ICU delirium (43). In this RCT, the DLS 
emitted up to 800 lux from a relatively small area, pos-
sibly increasing glare-related effects and potentially 
contributing to the onset of delirium. The DLS used in 
our study has been extensively evaluated before imple-
mentation and delivers up to fourfold higher EV values 
without crossing the threshold of relative glare. This 
could constitute a key factor explaining the distinct 
outcome differences observed between groups in our 
study. Considering that our study assesses the effects of 
a multicomponent design intervention, the observed 
changes in delirium cannot be solely attributed to dif-
fering levels of EC in rooms. The DLS offers features 
expanding beyond bright-light therapy, including 
visual aids for reorientation and modules for active 
cognitive training (10, 14). Furthermore, the modi-
fied rooms provide reduced sound pressure levels and 
permanently installed patient lifters at each bedside 
to foster early mobilization (12). Despite the absence 
of systematic data collection on the usage of mobility 

aids and cognitive training sessions, it does appear that 
these interventions may have contributed to the differ-
ences in delirium outcomes. From the perspective of 
study methodology, this poses a limitation, making it 
impossible to distinguish which intervention contrib-
uted to the observed differences in outcomes and to 
estimate their respective impacts. Conversely, the ex-
pansive multifaceted change in design may be consid-
ered a notable strength and could potentially elucidate 
the significant differences in delirium outcomes rela-
tive to previous investigations (30, 42, 43).

Our pilot study used an open-labeled design without 
randomization, a major limitation. The room modifi-
cations may also have impacted caregivers’ behavior, 
who would have been biased toward keeping patients 
less sedated, rooted in the belief that the improved 
rooms inherently offer better conditions.

A study performed in a surgical ICU revealed dis-
ruptions in circadian melatonin only for delirious 
patients with pathologically elevated levels in the 
subgroup that developed postoperative infections. 
Delirious patients without further complications 
failed to show the typical nocturnal rise in melatonin 
present before surgery (44). Our data confirm the large 
variability in melatonin levels among patients. Hence, 
it is expected that a blanket approach to oral mela-
tonin supplementation for all ICU patients does not 
prevent delirium (45). The future might be a bundle 
of interventions, including DLS and melatonin, which 
must be tailored depending on the patient’s clinical 
condition.

CONCLUSIONS

This proof-of-concept pilot study suggests that a com-
prehensive set of changes to ICU design may reduce 
the incidence and severity of delirium, enhancing the 
evidence for the effectiveness of nonpharmacologic 
strategies in delirium management. Integrating a DLS 
with adequate light intensity into the room could po-
tentially impact delirium outcomes in critically ill 
patients by modulating circadian melatonin rhythms. 
Randomized multicenter studies are needed to prove 
the efficacy of these measures.
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