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Introduction
Health promotion in critically ill patients 
is a challenge due to intensive therapy 
and monitoring requirements.

Sleeplessness during critical illness is one 
of the most frequent stressors reported 
by Intensive Care Unit survivors (1;2). In 
fact, several studies reported abnormali-
ties of sleep quantity and quality with a 
significant decrease in slow wave sleep 
(SWS) and rapid eye movement (REM) 
sleep. In addition, several studies revea-
led that critically ill patients suffer from 
alterations in their circadian rhythm 
of melatonin production (3;4). Shigeta 
and colleagues found a marked increa-
se of postoperative 24-hour melatonin 
patterns in ICU patients who developed 
delirium and additional complications 
(5). The reported high melatonin levels 
in patients with the highest severity of il-
lness might be one possible explanation 

for nocturnal melatonin administration 
showing inconsistent results regarding 
clinical outcome (6;7).

Until now, nocturnal sedation was a 
common and widely accepted method for 
treating sleeplessness in the critically ill 
patient. However, recent studies high-
lighted that even small doses of sedatives 
impair restorative sleep (8). Additional-
ly, sedation is associated with increased 
mortality and a higher risk for transitio-
ning to delirium (9).

As a consequence of these findings, using 
light therapy to maintain or entrain cir-
cadian rhythm seems an adequate inter-
vention that might have a much better 
risk-benefit ratio than those used in clini-
cal routines today. 

Guidelines for ICU design recommend 
a daylight source for every patient room 
and artificial light that can be dialed up 

Background Sleep abnormalities and disturbances of the circadian rhythm are known to negatively affect recovery for pa-
tients in the Intensive Care Unit (ICU). Daylight is the most important stimulus to entrain circadian rhythmicity by suppres-
sion of melatonin production. Therefore, light therapy seems a promising intervention to improve patients’ outcome. This 
study examined photometric parameters of different electric light sources in the ICU.
Methods Light measurements were conducted in the ICU of a tertiary care medical centre in Germany (NCT02143661). We 
assessed spectral irradiance, illuminance, luminance, correlated colour temperature and colour rendering index of a fluores-
cent tube lamp (FL1), a fluorescent lamp with micro-lens optic (FL2) and a newly developed LED light-ceiling. Measurements 
were determined at patients’ eye level. Spectral irradiance was assessed with a double monochromator spectroradiometer. 
Circadian effective irradiance was calculated by weighting the spectral irradiance with the action spectrum for melatonin 
suppression and by integration over all effective wavelengths.
Results The new LED light-ceiling revealed higher illuminance levels than FL1 and FL2 (1,900 to 2,750 lux vs. 260 to 750 lux 
and 500 to 1,400 lux). The colour rendering index was higher for the LED ceiling than both fluorescent lamps (97% vs. 74% 
and 77%). FL2 exceeded the threshold level of absolute glare (>10,000 candelas). The circadian effective irradiance was high 
for the LED ceiling compared to FL1 and FL2 (1.98 - 2.89 W/m2 vs. 0.29 - 0.5 W/m2 and 0.41 - 1.16 W/m2)
Conclusion Only the newly developed LED light-ceiling provided sufficient circadian effective irradiance for maximal mela-
tonin suppression without entering the area of absolute glare. These results should be considered when designing future 
health-promoting environments for critically ill patients.

doi.org/10.29102/clinhp.16002
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been registered under the ClinicalTrials.gov identifi-
er NCT02143661. The Ethics Committee of the Cha-
rité - Universitaetsmedizin Berlin approved the study 
(EA1/019/14) and waived requirement for obtaining 
informed consent for LMs and publication of these re-
sults.

Patient room configurations, modifications 
and light sources
The anaesthesiologic ICU at the Charité Medical Center, 
where LMs took place, consists of seven 2-bed patient 
rooms. Patient rooms are arranged around a centrally 
located workstation. All rooms provide visual access to 
the courtyard with a window area of approximately 11 
m2 per room. Patient rooms 2 and 3 provide windows 
facing northeast whereas rooms 4 and 5 have windows 
facing southeast. One bed is placed on the window side 
and the other bed is placed on the door-side of each 
room (Figure 1).

and down to minimize circadian rhythm disruptions 
(10;11). But what makes a light source adequate in sup-
porting circadian rhythmicity of a critically ill patient? 
Experimental data from healthy adults show that besi-
des timing and duration, the effectiveness of light inter-
ventions in suppressing melatonin production depends 
on spectral irradiance, illuminance and luminance of 
the light source (12-16). 

The primary aim of this study was to compare photo-
metric parameters of three different electric light sour-
ces in the ICU. Furthermore, the study aimed at esti-
mating potential circadian efficacy and side effects of 
the investigated light sources for exposed patients.

Methods
Light measurements (LMs) were conducted in the ICU 
of a tertiary care medical center in Germany. These 
LMs were part of an observational study, which has 

N

Room 5

Room4

Room 3

Room 2

Room 6

Room 7

Fig. 1

Figure 1 Design and arrangement of the rooms in the intensive care unit at Charité.

Patient rooms are arranged around a centrally located workstation. All rooms provide visual access to the courtyard 
with a window area of approximately 11 m2 per room. Patient rooms 2 and 3 provide windows facing northeast whe-
reas rooms 4 and 5 have  windows facing southeast. Marked in yellow colour are bed places were light measurements 
took place.
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LMs in standard patient rooms with a fluores-
cent ceiling lamp and micro-lens optic
The second series of LMs was performed at the 
window-side of patient rooms 2 and 3 on 11/26/2012, 
13:30 pm. Each bed place on the window-side was 
equipped with a white light fluorescent ceiling lamp 
(FL2). It included a micro-lens optic for optimising 
light distribution and glare control. The light output 
area was 1.5 m x 0.9 m (Figure 2b).

LMs in modified patient rooms with LED 
light-ceiling
After extensive rebuilding of patient rooms 4 and 5, a 
third series of LMs was performed at both bed places 
of the modified patient rooms 4 and 5 on 01/16/2015, 
12:30pm.

The major goal of the redesigning process was to create 
an ICU bedroom that produces measurable improve-
ments in the physical and psychological states of pa-
tients, visitors and staff. Beside interventions aimed 
at noise reduction, workflow optimisation and infec-
tion control, we conducted modifications to improve 
lighting conditions in the room: One integral part of 
the new room concept is a new light-ceiling for each 
bed that extends from the head above the patient down 
to the patient’s feet. Every light-ceiling integrates two 
different layers of light-emitting diodes (LEDs). The 
first layer consists of RGB modules that have red, gre-
en and blue LEDs. The light ceiling at the window-side 
comprises 12,960 RGB LEDs and covers an area of 6.1  
m x 2.4 m. Due to room configurations, the light-ceil-
ing and the door-side is smaller, comprising 9,942 RGB 
LEDs which covers an area of 4.6 m x 2.4 m. In additi-
on, each of the light-ceilings includes a second layer of 
3,456 white light high-performance LEDs covering an 
area of 1.8 m x 2.4 m (Figure 2c). 

Light measurements and calculation of photo-
metric parameters
We assessed photometric light measures of the three 
different artificial light sources with regard to visual 
light effects as well as non-image-forming functions.
All LMs were determined at patients’ eye level when ly-
ing with back flat on the bed (scenario 1, patient looks 
straight upward towards the ceiling) and when lying in 
bed with a head-of-bed elevation of 35 degrees (scena-
rio 2, patient looks into the lamp).

Measurements of spectral irradiance have been carried 
out by means of a double monochromator spectroradi-
ometer (type OL 754, Optronic Inc. Orlando/FL., USA), 
equipped with an Ulbricht sphere as optical entrance 
window. We used spectral steps of 1 nm, and a spectral 

LMs in standard patient rooms with fluores-
cent tube ceiling lamps
The first series of LMs was performed at the window- 
and the door-side of patient rooms 4 and 5 on 
11/26/2012, 12:30 am. Each bed place was equipped 
with two white light fluorescent tube ceiling lamps 
(FL1). The size of the radiation emitting area was 1.5 m 
x 0.4 m for each lamp. One of the two lamps was placed 
within the patient’s field of view (Figure 2a).
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Figure 2a-c Illustration of investigated electric light sources in ICU 
patient rooms.

All 2-bed patient rooms provide visual access to the courtyard with 
a window area of 11 m2. (A) Two white light fluorescent tube ceiling 
lamps (1.5 m x 0.4 m for each lamp); (B) White light fluorescent ceiling 
lamp with micro-lens optic (1.5 m x 0.9 m); (C) Modified ICU room with 
new light-ceiling at the window-side (6.1 m x 2.4 m). The light-ceil-
ing at the door-side bed is 4.6 m x 2.4 m. The light-ceiling integrates 
2 different light-emitting diode (LED) layers: The whole area of the 
light-ceiling is equipped with a layer of RGB modules which have red, 
green and blue (RGB) LEDs. The second layer consists of white light 
high-performance LEDs (yellow colored area, 1.8 m x 2.4 m).
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part of the spectrum (Figure 3a-b). In contrast, the spe-
ctrum of the LED light-ceiling revealed a more balan-
ced distribution with only two broadband peaks in the 
blue and the red wavelength range (Figure 3c).

resolution of 1 nm within the wavelength range of 300 
nm and 780 nm. Before starting the measurements, 
the spectroradiometer was calibrated by using a 200 
W tungsten standard lamp (traceable to the National 
Institute of Standards Technology (NIST)), whereas 
wavelength calibration was performed using a 180Hg-
lamp.

Parameters for characterisation of visual light 
effects
We quantified illuminance levels (lux, lx) and lumino-
us intensity (candela, cd/m2) of the different lighting 
environments. Luminance is a measure of how bright 
a light source is perceived. This parameter becomes 
especially important when using light sources with 
high illuminance levels as patients might experience 
discomfort glare when looking at it. We used a radio-
meter (Minilux, MX Elektronik, Berlin) equipped with 
a 13° tube adapter for measurements of luminance le-
vels.

Additionally, we assessed light quality: The correlated 
color temperature (CCT) is a measure of the perceived 
color of white artificial light sources whereas the co-
lor rendering index (CRI) quantifies the capability of 
a light source to illuminate object colors ”realistically” 
and ”acceptably”. Daylight, a reference light source in 
the CRI system, has a maximum CRI of 100 %.

Parameters for characterisation of non-im-
age-forming (NIF) functions
For estimation of potential circadian efficacy, we com-
puted circadian effective irradiance (Ec) of the distinct 
light sources and compared values with mean thres-
holds for maximal melatonin suppression (healthy 
young adults: 0.3 W/m2 and healthy people > 60 years 
old: 0.6 W/m2) (16).

Illuminance, circadian effective irradiance and CRI va-
lues were calculated by using measured data of spectral 
irradiance. These data were weighted by the spectrum 
of visual sensitivity of human eyes during daylight con-
ditions and integrated over all included wavelengths. 
Circadian effective irradiance values were determined 
by weighting with the action spectrum for melatonin 
suppression according to Thapan et al. and Brainard et 
al. (12;13) which also were integrated over all included 
wavelengths.

Results
Both types of fluorescent lamps (FL1 and FL2) showed 
discontinuous spectral slopes with typical narrow band 
peaks in the violet, blue, green, yellow, orange and red 
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Fig. 1a: Spectral horizontal irradiance of fluorescent tube ceiling lamps (lamp type: PHILIPS/OSRAM
XXX) used for general lighting of ITS rooms before starting the project. Measurement was
taken in 2! geometry and in upward direction at the position of the patients head in the bed.
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Fig. 1b: Spectral horizontal irradiance of a small area fluorescent tube ceiling lamp (type: Philips XXX)
used for general lighting of ITS rooms before starting the project. Measurement was taken in
2! geometry and in upward direction at the position of the patients head in the bed.
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Fig. 1b: Spectral horizontal irradiance of a small area fluorescent tube ceiling lamp (type: Philips XXX)
used for general lighting of ITS rooms before starting the project. Measurement was taken in
2! geometry and in upward direction at the position of the patients head in the bed.
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Fig. 1c: Spectral horizontal irradiance of the innovative large area LED ceiling lamp (type: Philips
XXX) used for general lighting of ITS room. Measurement was taken in 2! geometry and in 
upward direction at the position of the patients head in the bed.
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Fig. 2a: Range of illuminance measured in upward direction (solid bars) and in direction to the lamp 
(slashed bars) at patients head position lying in beds of the ICU in case of lighting by using 
white light fluorescent tube ceiling lamps (1), by using white light small area fluorescent tube
lamps (2) and by using a white light large area LED ceiling lamp type: (3) as defined above.
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Figure 3a-c Spectral irradiance of the different electric light 
sources.

Spectral horizontal irradiance of the fluorescent lamp (FL1), 
the fluorescent lamp with micro-lens optic (FL2) and (C), the 
newly developed LED light-ceiling.
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used for general lighting of ITS rooms before starting the project. Measurement was taken in
2! geometry and in upward direction at the position of the patients head in the bed.
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Fig. 1c: Spectral horizontal irradiance of the innovative large area LED ceiling lamp (type: Philips
XXX) used for general lighting of ITS room. Measurement was taken in 2! geometry and in 
upward direction at the position of the patients head in the bed.
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Fig. 1b: Spectral horizontal irradiance of a small area fluorescent tube ceiling lamp (type: Philips XXX)
used for general lighting of ITS rooms before starting the project. Measurement was taken in
2! geometry and in upward direction at the position of the patients head in the bed.

!"#$% '()&%$*&+,-&./%"*0% 12

!"# $## $"# %## %"# "## ""# &## &"# '## '"# (##

)*+,-,./01 3.45

6#7"

6#7%

6#7$

6#7!

6#76

6#2#

89
,:

0;*
-2<

;;
*=

<*
.:

,
3)

24
7!
2.

4
76
5

>?876*@A9B

Fig. 1a: Spectral horizontal irradiance of fluorescent tube ceiling lamps (lamp type: PHILIPS/OSRAM
XXX) used for general lighting of ITS rooms before starting the project. Measurement was
taken in 2! geometry and in upward direction at the position of the patients head in the bed.

!"# $## $"# %## %"# "## ""# &## &"# '## '"# (##

)*+,-,./0123.45

6#7"

6#7%

6#7$

6#7!

6#76

6#2#

89
,:

0;*
-2<

;;
*=

<*
.:

,2
3)

24
7!
2.

4
76
5

Fig. 1b: Spectral horizontal irradiance of a small area fluorescent tube ceiling lamp (type: Philips XXX)
used for general lighting of ITS rooms before starting the project. Measurement was taken in
2! geometry and in upward direction at the position of the patients head in the bed.
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Fig. 1c: Spectral horizontal irradiance of the innovative large area LED ceiling lamp (type: Philips
XXX) used for general lighting of ITS room. Measurement was taken in 2! geometry and in 
upward direction at the position of the patients head in the bed.
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lamps (2) and by using a white light large area LED ceiling lamp type: (3) as defined above.
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For patients looking straight up on the ceiling, all of the 
three different light sources showed luminance levels 
below the threshold for relative glare (≤ 500 cd/m2).

When looking into FL2, luminance levels exceeded the 
threshold of absolute glare (10,000 cd/m2) ranging 
from 10,300 to 11,500 cd/m2 (Figure 5). 

Colour quality between artificial light sources diffe-
red significantly: the CCT’s of FL2 (4843 K) and the 
LED-based light-ceiling (4606 K) were more toward 
the cool or blueish end of the spectrum when compared 
to FL1 (3907 K). 

Visual light effects of the different lighting 
environments
Illuminance levels at bed-places equipped with FL1 ran-
ged from 430 to 750 lx when looking straight upwards 
toward the ceiling and from 260 to 330 lx when looking 
into the lamp. FL2 revealed higher illuminance levels: 
500 to 930 lx when looking straight up on the ceiling 
and 850 to 1,400 lx when looking towards the lamp.
 
The LED light-ceiling provided sufficient illuminance 
for medical inspection (≥1000 lx) even without looking 
directly into the light source (1,900 to 2,750 lx) (Figure 
4). 
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Fig. 3: Range of illuminance measured in dependence of the type of lighting (cf. Fig. 1a-c) in comparison with required
thresholds of lighting in patient rooms according to [28] (a: 100 lx, threshold for accepted light level; b: 300 lx,
threshold for reading, c: 1000 lx, threshold for medical inspection). Measurements were taken at patients’ eye level 
when lying with back flat on bed looking straight upward towards ceiling (full symbols) and when looking 
into the direction of lamp (dashed symbols).
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Fig. 4: Range of luminance measured in dependence of the type of lighting (cf. Fig. 1a-c) in comparison with thresholds of
glare according to [29] (a: 500 cd m-2, threshold of relative glare; b: 10000 cd m-2, threshold of absolute glare). 
Measurements were taken at patients’ eye level when lying with back flat on bed looking straight upward 
towards ceiling (full symbols) and when looking into the direction of lamp (dashed symbols).

Fig. 4

Figure 4 Illuminance of the different light sources.

Range of measured illuminance values for the different types of 
lighting (see Figure 2a-c). The dashed lines indicate illuminance 
thresholds according to European lighting and emergency lighting 
standards for the Intensive Care Unit (EN DIN 12-464-1): (y1) 100 
lx, threshold for accepted light level; (y2) 300 lx, threshold for 
reading; (y3) 1,000 lx, threshold for medical inspection. Measure-
ments were taken at patients’ eye level when lying in bed and loo-
king straight upwards toward the ceiling (scenario 1, filled bars) 
and when lying in bed with a head-of-bed elevation of 35 degrees 
(scenario 2, bars with stripes).

The CRI was 97% for the LED-based light-ceiling ver-
sus 77% and 74% for FL1 and FL 2 (Table 1).
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Fig. 3: Range of illuminance measured in dependence of the type of lighting (cf. Fig. 1a-c) in comparison with required
thresholds of lighting in patient rooms according to [28] (a: 100 lx, threshold for accepted light level; b: 300 lx,
threshold for reading, c: 1000 lx, threshold for medical inspection). Measurements were taken at patients’ eye level 
when lying with back flat on bed looking straight upward towards ceiling (full symbols) and when looking 
into the direction of lamp (dashed symbols).
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Fig. 5

Figure 5 Luminance of the different light sources.

Range of measured luminance values for the different types of 
lighting (see Figure 2A-C). The dashed lines indicate luminan-
ce thresholds according to [16]: (y1) 500 cd ∙ m−2, threshold of 
relative glare; (y2) 10,000 cd ∙ m−2, threshold of absolute glare. 
Measurements were taken at patients’ eye level when lying in bed 
and looking straight upwards toward the ceiling (scenario 1, filled 
bars) and when lying in bed with a head-of-bed elevation of 35 
degrees (scenario 2, bars with stripes).

Table 1 CCT, CRI and relative circadian efficacy for the different electric 
light-sources. 

Type of Electric Light Source CCT CRI kcv

(k) (%) (W · m-2 · klx-1)

Fluorecent Tube Lamp (FL1) 3907 77 0.6667

Fluorescent Lamp with micro-lens 
optic (FL2)

4843 74 0.8300

LED light-ceiling 4606 97 1.0419

CCT, Correlated Color Temperature; k, Kelvin; CRI, Color Rendering 
Index; kcv, relative circadian efficacy; W, Watt; m, Meter; klx, kilolux.

Non-image-forming (NIF) effects of the differ-
ent lighting environments
The circadian effective irradiance (Ec) of FL1 exceeded 
the mean thresholds for maximal melatonin suppres-
sion in healthy young adults when looking straight up 
to the ceiling. However, all calculated values for FL1 
remained below the mean threshold level for maximal 
melatonin suppression in healthy elderly adults. FL2 
revealed sufficient Ec values for melatonin suppressi-
on in healthy young adults, independently of the pa-
tient’s position in bed. In contrast, Ec thresholds for the 
elderly were exceeded when looking straight into the 
new fluorescent lamp only. The Ec values of the newly 

Type of lighting

Type of lighting
Illuminance [lx]

Luminance [cd · m-2]
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Discussion
This study is the first that investigated photometric pa-
rameters of lighting conditions for critically ill patients, 
considering both, visual as well as non-visual effects. 
All patient rooms showed equal configurations but 
were equipped with different artificial light sources. 
The study results showed distinct differences between 
characteristics of the three lighting environments, 
which has important implications for the design of pa-
tient-centered lighting environments in the ICU.

The European lighting standards (DIN EN 12464-1) 
recommend illuminance levels of at least 300 lx for 
simple examinations and 1,000 lx for bedside treat-
ments and emergencies in the ICU. Our data revealed 
that only rooms equipped with the large LED light-ceil-
ing provided sufficient illuminance levels at all times. 
Illuminance values for FL1 were below the recommen-
ded standards, even at the window side. Although FL2 
showed an overall higher illuminance, measurements 
revealed inconsistent results: Levels of 1,000 lx could 
only be achieved when looking straight into the light 
source. 

developed LED light-ceiling exceeded mean threshold 
for both, healthy young adults and patients > 60 years 
(Figure 6).

For the medical team, especially when doing invasive 
interventions such as central venous catheterization, 
the accurate illumination of object colours is important 
and increases patient safety. Therefore, the CRI of light 
sources used in the ICU should exceed 90% (DIN EN 
12464-1). This specified CRI requirement was fulfil-
led only at bed places equipped with the LED-based 
light-ceiling.

Even ceiling lamps with high illuminance levels are not 
necessarily appropriate to provide a constant illumi-
nance of 1,000 lx and sufficient colour rendering. In 
that case, portable lamps or installations of additional 
artificial light sources with flexible light guide arms are 
used in clinical practice. However, these light sources 
usually have a small light emitting area and very high 
luminance levels which probably induce significant 
glare in awake patients. Consequently, to avoid deep 
sedation and discomfort for patients, especially during 
invasive procedures, spotlighting with high luminance 
levels should be avoided and must be used with care.

We analysed NIF functions of the three lighting en-
vironments regarding potential circadian efficiency for 
patients treated in the corresponding ICU rooms. Ex-
ceedance of the mean threshold for maximal melatonin 
suppression in adults aged >60 years, was only achie-
ved by the LED-based light-ceiling.

The circadian effective irradiance of FL2 exceeded the 
mean threshold level for older people as well, but only 
when looking straight towards the light source. Howe-
ver, the measured luminance exceeded the threshold of 
absolute glare (17) for patients looking directly at the 
new fluorescent lamp. One of the reasons for the obser-
ved threshold overrun is the relatively small light emit-
ting area of FL2 compared to the LED light-ceiling.

In fact, illuminance as well as circadian effective irradi-
ance values of the LED ceiling were more than twice as 
high than those measured for FL2 but without entering 
the zone of absolute glare. Surprisingly, patient rooms 
with FL1 never reached the mean threshold level of 
maximal melatonin suppression in healthy people aged 
>60 years - neither at the door nor at the window side 
of the room. 

Data from studies performed in cohorts of non-ICU pa-
tients suggest that exposure to natural daylight signifi-
cantly reduces the severity of postoperative pain (18), 
the length of hospital stay (19;20) and mortality (21). 
Within a secondary analysis of a prospective cohort 
study, Wunsch and colleagues compared the outcome 
of critically ill patients with subarachnoid haemorr-
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Fig. 5: Range of circadian effective irradiance measured in dependence of the type of lighting (cf. Fig. 1a-c) in comparison 
with mean thresholds for maximal melatonin suppression in healthy young adults (0.3 W m-2, a) and in healthy 
persons older than about 60 years (0.6 W m-2, b) according to [27]. Measurements were taken at patients’ eye level 
when lying with back flat on bed looking straight upward towards ceiling (full symbols) and when looking 
into the direction of lamp (dashed symbols).

Fig. 6

Figure 6 Circadian effective irradiance of the different light sources.

Range of measured circadian effective irradiance values for the 
different types of lighting (see Figure 2a-c). The dashed lines in-
dicate the thresholds for maximal melatonin suppression [16] for 
(y1) healthy young adults (0.3 W ∙ m−2) and (y2) elderly adults 60 
years and older (0.6 W ∙ m−2, b). Measurements were taken at 
patients’ eye level when lying in bed and looking straight upwards 
toward the ceiling (scenario 1, filled bars) and when lying in bed 
with a head-of-bed elevation of 35 degrees (scenario 2, bars with 
stripes).

Type of lighting

Circadian effective irradiance [W · m-2]
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hage treated in ICU rooms with or without windows. 
The authors found that the presence of a window did 
not improve outcome in those patients (22). In fact, 
LMs in the neonatal ICU revealed that illuminance of 
natural light entering through the window decreased 
considerably with distance from the window: The illu-
minance dropped from 550 lx directly in front of the 
window down to 130 lx with a 2-metre distance from 
the window (23). In light of these previous findings and 
our study results it seems unlikely that the illuminance 
of natural daylight from windows can trigger circadian 
photoentrainment in patients lying in bed with distan-
ce from the window of 1-metre or more.

A recently published randomised controlled trial show-
ed no effect on either delirium incidence, or seconda-
ry outcome parameters of a dynamic light application 
therapy in the ICU (24). The lighting technology used 
in the study consists of the same type of fluorescent 
lamps (FL2) that have been evaluated in our experi-
mental design. Simons and colleagues reported a peak 
illuminance level of <800 lux which is considerably 
lower compared to values obtained in our setting. The 
data indicate that the lighting system used in the stu-
dy might not have been biologically effective regarding 
melatonin suppression.

Besides the technical specifications of the light source 
used, the clinical condition of the patient is essential 
for the effectiveness of a lighting intervention. The light 
needs to hit the retina to induce NIF functions, such 
as the suppression of pineal melatonin production. As 
discussed by Simons and colleagues, most of the pa-
tients in their study were sedated and had their eyes 
closed during the acute disease phase. This fact makes 
a biological effect of the used light intervention even 
more unlikely. Previous studies showed that high-illu-
minance light therapy with 10,000 lx has no effect on 
plasma melatonin concentrations in sedated ICU pa-
tients (25).

The fact that most critically ill patients still receive at 
least moderate or light sedation for a limited amount of 
time, emphasises that evaluation about the efficiency 
of specific light interventions must include a detailed 
reporting of daily sedation levels. Patients with light 
sedation (Richmond Agitation Sedation Scale (RASS) 
-2, briefly awakens to voice, eye-opening and contact 
<10 seconds) (26) might profit more from such light 
therapies compared to patients with moderate sedation 
levels (RASS -3, movement or eye opening to voice but 
no eye contact). Therefore, detailed documentations of 
daily sedation levels should be incorporated into the 
analysis of future lighting interventions.

Our study has the following limitations: Most impor-
tantly, we supposed mean threshold levels for rela-
tive and absolute glare as well as circadian effective 
irradiance measured in healthy adults to estimate the 
potential circadian efficiency of light sources for ICU 
patients. One should interpret our study results with 
caution as threshold levels for ICU patients might dif-
fer from those in healthy adults. Moreover, our study 
provides experimental data without showing clinical 
results that prove the efficiency of the light interventi-
ons. The next important step is to evaluate the health 
promoting benefits for different patient groups in the 
ICU.

Conclusion
The newly developed LED-based light-ceiling was the 
only light source which provided sufficient color rende-
ring. Additionally, the LED ceiling exceeded thresholds 
for maximal melatonin suppression in young and ol-
der adults without entering the area of absolute glare. 
Further studies are needed to determine correspon-
ding threshold levels for different ICU patient groups.

Key messages
- ICU patients might benefit from rooms equipped 
with the large LED ceilings as they provided sufficient 
lighting for maximal melatonin suppression without 
entering the area of absolute glare
- Daylight from windows did not provide adequate 
lighting for circadian entrainment of ICU patients
- Light sources with high illuminance levels and small 
light emitting areas must be used with caution as they 
might induce discomfort glare in patients

Acknowledgements
The authors would like to thank all nurses and physi-
cians on the ICU for their unlimited support of the stu-
dy. A very special honor and thank goes to Maria Deja, 
Steffen Weber-Carstens, and Andreas Sund who had a 
major impact in rebuilding the rooms. Ingo Fietze and 
Thomas Penzel from the Charité sleep center helped 
us with Susanne Zimmermann and Claudia Denke to 
identify possible targets for the redesign. We would 
also like to thank our project-partners Dennis Hegic, 
Susanne Kronfeld, Benjamin Albrecht, Ute Winning-
hoff, Ingrid Masswig, Jing He, Norman Wassmuth, Kai 
Dolata, Joachim Quantz and Joachim Sauter. The Ger-
man Federation of Industrial Research Associations on 
behalf of the Federal Ministry of Economic Affairs and 
Energy financially supported the rebuilding of the ICU.
Alawi Luetz is participant in the Charité Clinical Scien-
tist Program funded by the Charité – Universitaetsme-
dizin Berlin and the Berlin Institute of Health.



Research and Best Practice

C L I N
 I C

 A
 L

   
• 

  H
 E A L T H   •   P R O

 M
 O

 T I O N   •

   
   

    
    

      
                                    staff competencie

s

    
 e

vi
de

nc
e

   
   

    
    

      
   patient preferences

C L I N
 I 

C 
A

 L
   
• 

  H
 E A L T H   •   P R O

 M
 O

 T I O N   •

   
   

   
    

     
                                      staff competencie

s

   
  e

vi
de

nc
e

   
   

   
    

     
     patient preferences

June | 2016 | Page  12Volume 6 | Issue 1 www.clinhp.org

Editorial Office, WHO-CC • Clinical Health Promotion Centre • Health Sciences, Lund University, Sweden
Copyright © Clinical Health Promotion - Research and Best Practice for patients, staff and community, 2016

al. A double-blind placebo-controlled randomised pilot study of nocturnal 
melatonin in tracheostomised patients. Crit Care Resusc. 2006; 8:187-91.
(8) Kondili E, Alexopoulou C, Xirouchaki N, Georgopoulos D. Effects of 
propofol on sleep quality in mechanically ventilated critically ill patients: a 
physiological study. Intensive Care Med. 2012; 38:1640-6.
(9) Shehabi Y, Bellomo R, Reade MC, Bailey M, Bass F, Howe B, et al. Early 
intensive care sedation predicts long-term mortality in ventilated critically 
ill patients. Am J Respir Crit Care Med. 2012; 186:724-31.
(10) Thompson DR, Hamilton DK, Cadenhead CD, Swoboda SM, Schwindel 
SM, Anderson DC, et al. Guidelines for intensive care unit design. Crit Care 
Med. 2012; 40:1586-600.
(11) Valentin A, Ferdinande P. Recommendations on basic requirements for 
intensive care units: structural and organizational aspects. Intensive Care 
Med. 2011; 37:1575-87.
(12) Brainard GC, Hanifin JP, Rollag MD, Greeson J, Byrne B, Glickman G, et 
al. Human melatonin regulation is not mediated by the three cone phot-
opic visual system. J Clin Endocrinol Metab. 2001; 86:433-6.
(13) Thapan K, Arendt J, Skene DJ. An action spectrum for melatonin sup-
pression: evidence for a novel non-rod, non-cone photoreceptor system in 
humans. J Physiol. 2001; 535(Pt 1):261-7.
(14) Wright KP, Jr., Gronfier C, Duffy JF, Czeisler CA. Intrinsic period and light 
intensity determine the phase relationship between melatonin and sleep in 
humans. J Biol Rhythms. 2005; 20:168-77.
(15) Santhi N, Thorne HC, van der Veen DR, Johnsen S, Mills SL, Hommes V, 
et al. The spectral composition of evening light and individual differences 
in the suppression of melatonin and delay of sleep in humans. J Pineal Res. 
2012; 53:47-59.
(16) Piazena H. Light-Controlled Melatonin Suppression Considering Per-
son’s Age. Proceedings of CIE 2010 “Lighting Quality and Energy Efficiency.” 
2010:232-3.
(17) Piazena H, Franke L, Uebelhack R, Kockott D, Völker S. Cirardiane Wirk-
samkeint der Sonnenstrahlung. Tageslicht. 2004; 1:41-5.
(18) Ulrich RS. View through a window may influence recovery from sur-
gery. Science. 1984; 224:420-1.
(19) Walch JM, Rabin BS, Day R, Williams JN, Choi K, Kang JD. The effect of 
sunlight on postoperative analgesic medication use: a prospective study 
of patients undergoing spinal surgery. Psychosom Med. 2005; 67:156-63.
(20) Taguchi T, Yano M, Kido Y. Influence of bright light therapy on postop-
erative patients: a pilot study. Intensive Crit Care Nurs. 2007; 23:289-97.
(21) Beauchemin KM, Hays P. Dying in the dark: sunshine, gender and out-
comes in myocardial infarction. J R Soc Med. 1998; 91:352-4.
(22) Wunsch H, Gershengorn H, Mayer SA, Claassen J. The effect of window 
rooms on critically ill patients with subarachnoid hemorrhage admitted to 
intensive care. Crit Care. 2011; 15:R81.
(23) Bullough J, Rea MS, Stevens RG. Light and magnetic fields in a neonatal 
intensive care unit. Bioelectromagnetics. 1996; 17:396-405.
(24) Simons KS, Laheij RJ, van den Boogaard M, Moviat MA, Paling AJ, 
Polderman FN, et al. Dynamic light application therapy to reduce the in-
cidence and duration of delirium in intensive-care patients: a randomised 
controlled trial. Lancet Respir Med. 2016; 4:194-202.
(25) Perras B, Meier M, Dodt C. Light and darkness fail to regulate mela-
tonin release in critically ill humans. Intensive Care Med. 2007; 33:1954-8.
(26) Sessler CN, Gosnell MS, Grap MJ, Brophy GM, O’Neal PV, Keane KA, et 
al. The Richmond Agitation-Sedation Scale: validity and reliability in adult 
intensive care unit patients.  Am J Respir Crit Care Med. 166. United States 
2002. 1338-44.

Authors’ contributions
AL did substantial contributions to conception and de-
sign, acquisition, analysis and interpretation of data, 
drafting the article, revising it critically for important 
intellectual content and final approval of the version 
to be published. HP did substantial contributions to 
conception and design, acquisition, analysis and in-
terpretation of data, revising the artical critically for 
important intellectual content and final approval of 
the version to be published. BW, AF, TW and CS did 
substantial contributions to conception and design, 
analysis and interpretation of data, revising the artical 
critically for important intellectual content and final 
approval of the version to be published.

Competing interests
AL, TW and CS have a patent 10 2014 215 211.9 pen-
ding. TW has a patent 10 2014 215 212.7 pending. AL 
and BW received personal fees from Dr. F. Köhler 
Chemie, and personal fees from Orion-Pharma outside 
the submitted work.

Outside the submitted manuscript, CS has grants from 
Grünenthal, grants from Dr. F. Köhler Chemie, grants 
from Roche, grants from MSD, grants from Orion Phar-
ma, grants from Outcome Europe Sàrl, grants from B. 
Braun Melsungen, grants from AiF, grants from BDA, 
grants from BMBF, grants from DKH, grants from 
DLR, grants from German Research Society, grants 
from GIZ, grants from inner university grants, grants 
from Stifterverband, grants from European Commissi-
on, personal fees from ConvaTec International Service 
GmbH, personal fees from Pfizer Pharma, personal 
fees from Vifor Pharma, personal fees from Fresenius 
Kabi, personal fees from Georg Thieme Verlag. HP re-
ports, that he has no competing interest.

References
(1) Novaes MA, Aronovich A, Ferraz MB, Knobel E. Stressors in ICU: pa-
tients’ evaluation. Intensive Care Med. 1997; 23:1282-5. 
(2) Chahraoui K, Laurent A, Bioy A, Quenot JP. Psychological experience of 
patients 3 months after a stay in the intensive care unit: A descriptive and 
qualitative study. J Crit Care. 2015; 30:599–60.
(3) Mundigler G, Delle-Karth G, Koreny M, Zehetgruber M, Steindl-Mun-
da P, Marktl W, et al. Impaired circadian rhythm of melatonin secretion 
in sedated critically ill patients with severe sepsis. Crit Care Med. 2002; 
30:536-40.
(4) Li CX, Liang DD, Xie GH, Cheng BL, Chen QX, Wu SJ, et al. Altered mel-
atonin secretion and circadian gene expression with increased proinflam-
matory cytokine expression in early-stage sepsis patients. Mol Med Rep. 
2013; 7:1117-22.
(5) Shigeta H, Yasui A, Nimura Y, Machida N, Kageyama M, Miura M, et al. 
Postoperative delirium and melatonin levels in elderly patients. Am J Surg. 
2001; 182:449-54.
(6) Bourne RS, Mills GH, Minelli C. Melatonin therapy to improve nocturnal 
sleep in critically ill patients: encouraging results from a small randomised 
controlled trial. Crit Care. 2008; 12:R52.
(7) Ibrahim MG, Bellomo R, Hart GK, Norman TR, Goldsmith D, Bates S, et 


