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a b s t r a c t 

Background: Heart disease is the leading cause of death in the United States. The length of stay (LOS) is a 

well-established parameter used to evaluate health outcomes among critically ill patients with heart disease in 

cardiac intensive care units (CICUs). While evidence suggests that the presence of daylight and window views 

can positively influence patients’ LOS, no studies to date have differentiated the impact of daylight from window 

views on heart disease patients. Also, existing research studies on the impact of daylight and window views have 

failed to account for key clinical and demographic variables that can impact the benefit of such interventions in 

CICUs. 

Methods: This retrospective study investigated the impact of access to daylight vs. window views on CICU patients’ 

LOS. The study CICU is located in a hospital in the southeast United States and has rooms of the same size with 

different types of access to daylight and window views, including rooms with daylight and window views (with 

the patient bed located parallel to full-height, south-facing windows), rooms with daylight and no window views 

(with the patient bed located perpendicular to the windows), and windowless rooms. Data from electronic health 

records (EHRs) for the time-period September 2015 to September 2019 ( n = 2936) were analyzed to investigate 

the impact of room type on patients’ CICU LOS. Linear regression models were developed for the outcome of 

interest, controlling for potential confounding variables. 

Results: Ultimately, 2319 patients were finally included in the study analysis. Findings indicated that patients 

receiving mechanical ventilation in rooms with access to daylight and window views had shorter LOS durations 

(16.8 h) than those in windowless rooms. Sensitivity analysis for a subset of patients with LOS ≤ 3 days revealed 

that parallel bed placement to the windows and providing access to both daylight and window views significantly 

reduced their LOS compared to windowless rooms in the unit ( P = 0.007). Also, parallel bed placement to the 

window significantly reduced LOS in this patient subset for those with an experience of delirium ( P = 0.019), 

dementia ( P = 0.008), anxiety history ( P = 0.009), obesity ( P = 0.003), and those receiving palliative care ( P = 0.006) 

or mechanical ventilation ( P = 0.033). 

Conclusions: Findings from this study could help architects make design decisions and determine optimal CICU 

room layouts. Identifying the patients who benefit most from direct access to daylight and window views may 

also help CICU stakeholders with patient assignments and hospital training programs. 
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The length of stay (LOS) in the hospital and intensive care

nit (ICU) has been identified as a key factor impacting health

utcomes among patients with heart disease. [1] Patients with an
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xtended LOS (greater number of days in the hospital) are an

mportant subpopulation for health care organizations as they

re prone to greater readmission risks and tend to consume a

isproportionate amount of available resources in the ICU. [1,2] 

urther, longer ICU stays are among the most critical risk fac-
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ors for adverse health outcomes, and even a single additional

ight spent at the hospital can increase the odds of hospital-

cquired infections, adverse drug reactions, pressure ulcers, and

elirium. [3,4] 

To date, several studies have investigated the impact of med-

cal or organizational interventions on improving the LOS of

atients admitted to ICUs. However, little research has been

onducted on the environmental factors in the cardiac inten-

ive care unit (CICU) and their role in improving heart disease

atients’ LOS and recovery after admission. Existing studies sug-

est that exposure to daylight and window views can positively

mpact patients’ recovery and health outcomes during inpatient

ospital stays in general. [5–10] The theory of supportive design

nd the biophilia hypothesis have also emphasized that having

iews of the natural surroundings, including trees, plants, and

ater, through windows can support improved physiological

nd psychological health outcomes among patients. [11,12] From

 biological standpoint, the impacts of daylight exposure on pa-

ients’ health, circadian rhythm, and psychological symptoms

ave been explained through physiological mechanisms caused

y incident daylight exposure of the retina and serotonin secre-

ion in the body. [13,14] 

Despite the existing evidence of the positive impacts of day-

ight and view exposure on patient recovery, there is a paucity

f research concerning the relationship between these factors

nd patient LOS in the CICU environment. A few studies have

xamined the impact of daylight and window views on health

utcomes in the ICU and patient hospital room environment to

ate. Though some of these studies report a significant relation-

hip between exposure to daylight or window views and de-

reased LOS, [7,15] others suggest there is no significant relation-

hip among these variables, [8,9,16–18] and so the findings largely

emain inconclusive. Also, there are inconsistencies in the type

f control variables considered in the existing studies. Although

ealth outcomes among ICU patients are highly affected by pa-

ients’ clinical characteristics and medical treatments, [7,8,16,19] 

nly a few of these studies have adequately accounted for the

linical and demographic risk factors associated with different

atient populations. More importantly, these studies failed to

ifferentiate the impact of exposure to daylight from the impact

f window views, and it is not clear which factor is more in-

uential in improving patients’ CICU LOS. Existing studies have

ither focused on the impact of daylight exposure without con-

rolling for the confounding effect of view exposure through

indows on patients’ LOS, [7,15,16] examined the impact of ac-

ess to window views on LOS [9,11] without controlling for the

onfounding effect of daylight exposure, or investigated the im-

act of both factors simultaneously on ICU patients. [8,20] 

Addressing the gaps related to differentiating the impacts of

aylight vs. window view exposure is particularly important for

ealth care designers in urban settings seeking to make informed

esign decisions regarding optimal window implementation in

ICU rooms and for hospital stakeholders aiming to expand ICU

eds while facing space constraints that preclude access to day-

ight or window views in patient rooms. [9] Also, federal archi-

ectural guidelines and recommendations made by the Society

f Critical Care Medicine lack specifications regarding meaning-

ul stimuli provided by windows in ICU rooms. [21,22] To address

he gaps mentioned above, this study aims to investigate CICU

OS among patients in three room types in a CICU with different

aylighting and viewing accommodations to understand which
156 
nvironmental factors (daylight vs. window views) would best

upport patients’ health and recovery while controlling for pa-

ients’ clinical characteristics and medical treatments based on

heir electronic health records (EHRs). 

ethods 

tudy population 

This retrospective study was conducted in a CICU of a med-

cal center in South Carolina. All patients aged ≥ 18 years di-

ectly admitted to the hospital’s CICU between September 2015

nd September 2019 ( n = 2936) with admitting diagnoses of my-

cardial infarction (International Classification of Diseases, 10th

evision [ICD-10] codes: I21 or I22), cardiac arrhythmia (ICD-

0 code: I49), hypertension (ICD-10 codes: I10–I16), chronic

schemic heart disease (ICD-10 code: I25), or heart failure (ICD-

0 codes: I50, I50.23, or I50.33) were eligible for inclusion in

his study. Direct admission to the CICU was defined as having a

oom and a bed in the CICU during the first hospital day. Utiliza-

ion of the aforementioned ICD-10 codes ensured that patients

ith acute and chronic heart failure, as well as those with a sta-

us of pre– or post–percutaneous coronary intervention, were

ncluded. Patients were excluded from this study for the follow-

ng reasons: (1) admittance to the CICU from a unit other than

he emergency department, (2) switched rooms in the unit or

ere readmitted to the CICU during a single hospital stay, (3)

xperienced visual loss during their CICU stay, and (4) under-

ent a surgical procedure using an open approach (e.g., coro-

ary artery bypass grafting) or underwent another procedure in

he operating room requiring general anesthesia (all the rooms

ccommodating these patients in the CICU were windowless). 

linical definitions and data sources 

Data regarding patients’ CICU LOS were recorded as part of

he hospital protocol and were obtained from patients’ EHRs

Epic Systems, Verona, WI, USA). Institutional review board

IRB) approval was obtained (IRB approval No. Pro00083942)

rior to securing data from EHRs. In addition, data regarding pa-

ient characteristics were exported from EHRs to control for the

onfounding impact of these factors on the relationship between

ndependent and dependent variables. These variables – which

ncluded patients’ severity of illness (SOI) and risk of mortality

ROM), with scores in the range of 1–4 points to indicate minor,

oderate, major, or extreme levels – were also obtained directly

rom EHRs. [23] Other confounding variables coded by the inves-

igators based on EHR notes included patients’ demographic in-

ormation (e.g., age, sex, race, marital status, and insurance),

dmission source (health care facility, non–health care facil-

ty, or clinic office), admission status (elective, emergency, or

rgent), and diagnosis-related group type (medical vs. percuta-

eous surgical interventions) as well as patients’ clinical charac-

eristics, such as primary diagnosis type, hospital-acquired infec-

ions, respiratory failure, cirrhosis, cardiogenic shock, receiving

alliative care, receiving mechanical ventilation, analgesic med-

cation (opioids or benzodiazepine), and medical history (e.g.,

lcohol or nicotine use, anxiety or depression symptoms, dia-

etes, obesity, and dementia). Opioids, sedatives, and narcotics

ere administered to patients in accordance with the sedation

rotocols in the CICU. The overall morphine equivalent opioid
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Figure 1. The locations of the three types of CICU rooms with different access to daylight and window views for non-surgical patients are indicated with different 

colors. The gray rooms are allocated to surgical patients. CICU: Cardiac intensive care unit; CVICU: Cardiovascular intensive care unit. 

Figure 2. The three types of CICU rooms with different access to daylight and window views due to changes in bed orientation. 
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nalgesics (milligrams) and the lorazepam equivalent of ben-

odiazepine medication (milligrams) administered to patients

ere also calculated based on the guidelines by McCaffery and

asero. [24] 

etting 

The study CICU is located on the third floor of a medical cen-

er in the southeast United States and has 15 single rooms for

on-surgical patients of approximately the same size (210 ft 2 )
157 
ut with different levels of access to daylight and views due to

ariations in the patient bed orientation toward the windows

 Figure 1 ). The single room types included (1) room type A,

here the patient bed is parallel to the window, providing ac-

ess to daylight and window views; (2) room type B, where the

ead of the patient bed is against the window, providing ac-

ess to daylight but no access to window views; and (3) room

ype C, which is a windowless room. All windowed rooms have

outh-facing, full-height windows and provide access to daylight

 Figure 2 ). Views of the city skyline are only available for pa-
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ients with their beds placed parallel to the windows (room type

). 

The study examined the following hypotheses: (1) heart dis-

ase patients experience a shorter LOS in CICU rooms with ac-

ess to daylight and views compared to those in windowless

ooms, (2) heart disease patients experience a shorter LOS in

ICU rooms with access to daylight and window views com-

ared to those in rooms providing access to daylight only (no

indow views), and (3) heart disease patients experience a

horter LOS in CICU rooms with access to daylight only com-

ared to those in windowless rooms. Also, a range of clini-

al and demographic factors affecting the relationship between

oom type and patients’ CICU LOS was explored, and a linear

odel is presented for estimating patients’ CICU LOS. IRB ap-

roval for this study was obtained prior to data preparation and

nalysis. 

Only patients with direct admission to the CICU (which was

efined as having a room and a bed in the CICU during the first

ospital day) were considered for analysis according to the re-

earch protocol. Therefore, all patients admitted to the CICU

rom units other than the emergency department ( n = 48) as well

s those who had switched rooms in the unit or were readmitted

o the CICU during a single hospital stay ( n = 66) were excluded

rom this study. Also, patients who experienced visual loss dur-

ng their CICU stay ( n = 4) were excluded from this study. Fi-

ally, any patient who underwent a surgical procedure using

n open approach (e.g., coronary artery bypass grafting) or an-

ther procedure in the operating room that required general

nesthesia was also excluded from the study ( n = 288); these pa-

ients were excluded because of the potential confounding im-

act of post-surgical complications on the outcomes of interest

nd because all the rooms accommodating these patients were

indowless ( Figure 3 ). 
Figure 3. Flowchart describing patient selec

158 
nalytical approach 

A descriptive data analysis was performed to examine the dis-

ribution of patient data across the CICU rooms. Tests of normal-

ty for CICU LOS data and subsets of data were conducted using

he Shapiro–Wilk test. P < 0.05 implied that the distribution of

he LOS data was not significantly different from a normal dis-

ribution. A series of single-factor analyses was used to deter-

ine any continuous or categorical factors that were related to

oom type for the CICU LOS data. The factors that were related

ould be potential confounding factors when examining the re-

ationship between LOS and room type. P < 0.05 was considered

vidence of a statistically significant relationship between the

actor and room type. 

A generalized linear model (GLM) in RStudio (version 4.2.0;

Studio PBC, Boston, MA, USA) was created to examine the re-

ationship between the CICU LOS and room type while consider-

ng any potential confounding factors. The interaction between

ach confounding variable and room type was included in the

odel to allow the different levels of the confounding factors

o result in different relationships between LOS and room type.

 stepwise variable selection approach (using a forward tech-

ique) was used to reduce the GLM to a set of terms that were

seful for predicting CICU LOS. To examine model reliability,

ulticollinearity among the factors in the reduced model was as-

essed using the variance inflation factor. Influential data points

ere also identified through Cook’s [25] distance and removed

rom the data set. Least squares mean and confidence interval

alues for LOS were estimated for the three room types. The

east squares means approach provides estimates of the marginal

eans of LOS over a balanced population of confounded factors

hen the data are unbalanced. [26] Pairwise comparisons (with

o error-rate adjustments) were also used to delineate differ-
tion. CICU: Cardiac intensive care unit. 
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Figure 4. Distribution of the CICU LOS data. 

CICU: Cardiac intensive care unit; LOS: Length of stay. 
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Table 1 

Summary of patient data across CICU rooms. 

All CICU Patients n Room A Room B Room C 

Demographics 

Gender 

Female 980 11.1% 40.2% 48.7% 

Male 1339 13.8% 43.0% 43.2% 

Marital 

Married 1026 13.4% 42.0% 44.6% 

Other 91 14.3% 49.5% 36.2% 

Single 1202 12.0% 41.0% 47.0% 

Race 

Black 560 12.7% 40.9% 46.4% 

Caucasian/White 1731 12.7% 41.8% 45.5% 

Other 28 10.7% 57.1% 32.2% 

Insurance 

Medicaid 166 15.1% 45.2% 39.7% 

Medicare 1498 12.6% 41.4% 46.0% 

Private/Commercial 386 13.7% 42.0% 44.3% 

Self-pay/Charity 269 10.4% 41.6% 48.0% 

Admission Information 

Source 

Health Care Facility 102 14.7% 38.2% 47.1% 

Non-healthcare Facility 1318 13.2% 41.9% 44.9% 

Physician/Clinic Office 899 11.7% 42.1% 46.2% 

Status 

Elective 160 10.6% 41.9% 47.5% 

Emergency 1631 12.6% 42.7% 44.7% 

Urgent 528 13.5% 39.0% 47.5% 

DRG 

Medical 1501 12.7% 40.7% 46.6% 

Surgical 818 12.6% 43.8% 43.6% 

Medical History 

Alcohol use 89 11.2% 40.5% 48.3% 

Nicotine use 1317 12.1% 41.2% 46.7% 

Anxiety 326 12.6% 42.3% 45.1% 

Depression 193 12.4% 42.0% 45.6% 

Diabetes 1006 12.4% 41.7% 45.9% 

Obesity 471 10.8% 41.8% 47.4% 

Dementia 143 15.4% 44.1% 40.5% 

Medication Intake 

Opioid 

Fentanyl 117 14.5% 51.3% 34.2% 

Morphine 175 12.6% 42.9% 44.5% 

Hydromorphone 44 14.0% 45.0% 41.0% 

Benzodiazepine 

Lorazepam 46 19.6% 41.3% 39.1% 

Midazolam 111 10.8% 45.9% 43.3% 

Propofol 22 13.6% 27.3% 59.1% 

Haloperidol 7 1/7 2/7 4/7 

Clinical Characteristics 

Diagnosis 

Cardiac Arrhythmia 396 14.4% 42.9% 42.7% 

Chronic Ischemic Heart Disease 163 11.0% 45.4% 43.6% 

Heart Failure 170 8.8% 35.9% 55.3% 

Hypertension 758 12.7% 40.9% 46.4% 

Myocardial Infarction 667 13.2% 42.9% 43.9% 

Other 165 12.1% 41.2% 46.7% 

SOI 

Level 1 310 13.9% 41.6% 44.5% 

Level 2 841 11.8% 42.5% 45.7% 

Level 3 800 13.3% 39.7% 47.0% 

Level 4 368 12.5% 44.8% 42.7% 

ROM 

Level 1 552 10.7% 40.6% 48.7% 

Level 2 734 13.8% 42.4% 43.8% 

Level 3 640 13.9% 39.4% 46.7% 

Level 4 393 11.5% 46.3% 42.2% 

Delirium 35 14.3% 31.4% 54.3% 

Hospital-acquired infections 385 11.4% 43.4% 45.2% 

Pain 211 13.3% 37.0% 49.7% 

Palliative Care 98 12.2% 49.0% 38.8% 

Mechanical Ventilation 275 10.2% 43.6% 46.2% 

Cirrhosis 29 24.1% 48.3% 27.6% 

Respiratory Failure 342 12.3% 36.0% 51.7% 

Cardiogenic shock 104 11.5% 51.0% 37.5% 

CICU: Cardiac intensive care unit; ROM: Risk of mortality; SOI: Severity of 

illness. 
nces in the mean CICU LOS among the room types based on

he GLM model. The analysis in this study was performed in

Studio (version 4.2.0). Additionally, sensitivity analyses were

onducted to further investigate the GLM model using subsets

f patient data based on the CICU LOS. [27] 

esults 

Based on the inclusion and exclusion criteria defined in this

tudy, 617 data points were excluded from analyses ( Figure 3 ).

ltimately, 2319 patients were finally included in the study

nalysis. As illustrated in Figure 4 , a typical CICU LOS of 3 days

as observed to be approximately equal to the CICU LOS at the

5th percentile in the present data set and thus was deemed

onsistent with findings of existing studies of cardiac patients

n ICU settings. [2,28] Moreover, the distribution of data for the

ubset of patients with a typical CICU LOS ( n = 1907) was closer

o a normal distribution compared to the distribution of data for

ll CICU patients ( Figure 5 ). 

atient data 

Among patients assigned to CICU rooms, 12.7% of the CICU

atients were hospitalized in type A rooms ( n = 294), 41.8% were

ospitalized in type B rooms ( n = 969), and 45.5% were hospi-

alized in type C rooms ( n = 1056). Analysis of variance showed

o significant difference ( P = 0.698) in the average patient age

cross type A ( M = 65.3), type B ( M = 64.4), and type C rooms

 M = 64.5). Patient data ( Table 1 ) were also balanced with

espect to demographics, admission information, medical his-

ory, and clinical characteristics ( 𝜒2 test, all P > 0.05). Non-

arametric Kruskal–Wallis tests did not reveal any significant

ifferences between patients assigned to the rooms in terms of

xposure to opioids, sedatives, or narcotic medications (all P >

.05). 

oom type and patients’ CICU LOS 

A GLM model was created to investigate the impact of dif-

erent room types and patients’ LOS in the CICU. As illustrated
159 



R. Jafarifiroozabadi, A. Joseph, W. Bridges et al. Journal of Intensive Medicine 3 (2023) 155–164 

Figure 5. Distribution of data for patients with a typical LOS ( ≤ 3 days). 

CICU: Cardiac intensive care unit; LOS: Length of stay. 

i  

t  

f  

r  

t  

b  

(  

t  

t  

b  

L  

e  

s  

t  

t  

t  

h  

v  

a  

u  

a

R

a

 

d  

e  

t  
n Table 2 , room type was not significantly associated with pa-

ients’ CICU LOS. Based on the least squares means estimated

rom the GLM, the average CICU LOS was 2.8 days in type A
Table 2 

GLM model for patients’ CICU LOS vs . the typical CICU LOS ( ≤ 3 days). 

CICU LOS (all patients)

Coefficients ∗ Estimate Std. error t -valu

Room A 0.23 0.15 1.58 

Room B 0 0.10 0.03 

Age –0.01 0 –2.48

Season – spring 0.05 0.10 0.52 

Season – summer –0.18 0.10 –1.77

Season – winter –0.04 0.10 –0.37

Diagnosis – chronic ischemic heart disease –0.44 0.16 –2.69

Diagnosis – heart failure –0.49 0.16 –3.00

Diagnosis – hypertension –0.76 0.11 –6.96

Diagnosis – myocardial infarction –0.08 0.11 –0.69

Diagnosis – other –0.45 0.16 –2.82

Delirium – yes 0.55 0.42 1.32 

Anxiety – yes 0.16 0.16 1.04 

Obesity – yes –0.16 0.13 –1.23

Cardiogenic shock – yes 0.64 0.19 3.30 

SOI-2 0.31 0.12 2.60 

SOI-3 0.77 0.12 6.15 

SOI-4 2.12 0.17 12.54

Dementia – yes 0.09 0.24 0.39 

Hospital-acquired infections – yes 0.44 0.11 3.90 

Palliative care – yes 0.30 0.31 0.97 

Mechanical ventilation – yes 0.87 0.18 4.76 

Room A: Mechanical ventilation – yes –1.18 0.40 –2.98

Room B: Mechanical ventilation – yes –0.22 0.25 –0.91

Room A: Delirium – yes –0.43 0.89 –0.48

Room B: Delirium – yes –0.40 0.67 –0.60

Room A: Obesity – yes –0.28 0.30 –0.91

Room B: Obesity – yes 0.18 0.19 0.94 

Room A: Dementia – yes –0.39 0.46 –0.84

Room B: Dementia – yes –0.64 0.33 –1.93

Room A: Palliative care – yes –0.04 0.63 –0.07

Room B: Palliative care – yes –0.03 0.41 –0.08

Room A: Anxiety – yes 0.33 0.33 1.00 

Room B: Anxiety – yes 0.15 0.22 0.70 

∗ Reference level for room type: “Room C ” (windowless rooms) 

CICU: Cardiac intensive care unit; GLM: Generalized linear model; LOS: Length of st

160 
ooms (with access to daylight and window views) as opposed

o an average of 3.1 days in type B rooms (with access to daylight

ut no window views) or an average of 3.5 days in type C room

windowless rooms). These findings indicated that patients in

ype A rooms stayed 16.8 h and 7.2 h less in the CICU than pa-

ients in type C and B rooms, respectively. Pairwise comparisons

ased on the GLM model revealed that the differences in CICU

OS across the room types were not statistically significant. Nev-

rtheless, the findings indicated that CICU LOS was significantly

horter among patients who received mechanical ventilation in

ype A rooms compared to type C rooms ( P = 0.003). In addition

o room type, the model revealed significant associations be-

ween patients’ age ( P = 0.013), cardiogenic shock ( P = 0.001),

ospital-acquired infections ( P < 0.001), receiving mechanical

entilation ( P < 0.001), SOI level ( P < 0.001 for SOI levels 3–4),

 diagnosis of hypertension ( P < 0.001), a diagnosis of heart fail-

re ( P = 0.003), a diagnosis of chronic heart disease ( P = 0.007),

nd their CICU LOS (Table 2) . 

oom type and patients’ typical CICU LOS: a sensitivity 

nalysis 

The summary of patient data with a typical CICU LOS ( ≤ 3

ays) is presented in Supplementary Table 1. Due to differ-

nces in data distribution in this subset of patients compared

o all CICU patients’ data, a sensitivity analysis was conducted
 Typical CICU LOS (patients with LOS ≤ 3 days) 

e P -value Estimate Std. error t -value P -value 

0.115 0.08 0.06 1.36 0.175 

0.979 –0.06 0.04 –1.46 0.143 

 0.013 0 0 –2.21 0.027 

0.602 0.06 0.04 1.41 0.158 

 0.077 –0.05 0.04 –1.12 0.262 

 0.712 0.08 0.04 1.77 0.077 

 0.007 –0.07 0.07 –0.99 0.325 

 0.003 0.11 0.08 1.43 0.152 

 < 0.001 –0.11 0.05 –2.31 0.021 

 0.493 0.26 0.05 5.09 < 0.001 

 0.005 0.09 0.07 1.28 0.202 

0.186 0.71 0.21 3.35 0.001 

0.299 0 0.07 0.05 0.961 

 0.217 –0.04 0.05 –0.76 0.446 

0.001 –0.25 0.11 –2.35 0.019 

0.010 0.16 0.05 3.55 < 0.001 

< 0.001 0.36 0.05 7.23 < 0.001 

 < 0.001 0.53 0.08 7.02 < 0.001 

0.697 –0.05 0.11 –0.44 0.660 

< 0.001 0.12 0.05 2.38 0.017 

0.332 0.04 0.16 0.26 0.797 

< 0.001 –0.15 0.09 –1.65 0.098 

 0.003 0.17 0.18 0.94 0.346 

 0.363 –0.15 0.12 –1.25 0.213 

 0.632 –0.55 0.40 –1.38 0.167 

 0.551 –0.99 0.33 –3.04 0.002 

 0.361 –0.27 0.13 –2.15 0.032 

0.345 0.12 0.08 1.48 0.140 

 0.401 –0.19 0.20 –0.93 0.352 

 0.053 0.20 0.15 1.38 0.168 

 0.945 –0.71 0.34 –2.10 0.036 

 0.937 0.15 0.21 0.71 0.480 

0.318 –0.07 0.15 –0.46 0.646 

0.486 0.24 0.09 2.58 0.010 

ay; SOI: Severity of illness; Std: Standard. 
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Figure 6. Interior views of CICU type A and B rooms with different access to daylight and window views. CICU: Cardiac intensive care unit. 
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o examine the GLM model for patients with a typical CICU

OS. [27] The results of the sensitivity analysis are also presented

n Table 2 . Based on the least squares means estimated from

he model, the average typical CICU LOS was 1 day in type

 rooms vs. 1.5 days or 1.8 days in type B or C rooms, re-

pectively, for these patients. These findings indicated that pa-

ients in type A rooms stayed 19.2 h and 12 h less in the

ICU than patients in type C and B rooms, respectively. Pair-

ise comparisons indicated that patients’ typical LOS in type

 rooms was significantly shorter than that of patients in type

 rooms ( P = 0.007), while no significant differences were ob-

erved between type B and A rooms ( P = 0.110) or between

ype B and C rooms ( P = 0.146). Also, the model revealed sig-

ificant associations between patients’ age ( P = 0.027), an expe-

ience of delirium ( P = 0.001), cardiogenic shock ( P = 0.019),

ospital-acquired infections ( P = 0.017), SOI level ( P < 0.001

or SOI levels 2–4), a diagnosis of hypertension ( P = 0.021),

 diagnosis of myocardial infarction ( P < 0.001), and typical

ICU LOS. 

Furthermore, the GLM results indicated that CICU room type

Figure 3) affected patients with a typical CICU LOS differently

epending on their clinical characteristics and medical history
 a  

Table 3 

Pairwise comparisons of the typical CICU LOS among patients with certain characte

Coefficients Pairwise comparison (no 

adjustments for error rate) 

Delirium = yes Room C – Room A 

Room C – Room B 

Room A – Room B 

Mechanical 

ventilation = yes 

Room C – Room A 

Room C – Room B 

Room A – Room B 

Palliative care = yes Room C – Room A 

Room C – Room B 

Room A – Room B 

Dementia = yes Room C – Room A 

Room C – Room B 

Room A – Room B 

History of anxiety = yes Room C – Room A 

Room C – Room B 

Room A – Room B 

Obesity = yes Room C – Room A 

Room C – Room B 

Room A – Room B 

CICU: Cardiac intensive care unit; GLM: Generalized linear model; LOS: Length of st

161 
i.e., there were significant interactions between these factors

nd room type). As illustrated in Table 3 , pairwise comparisons

f typical CICU LOS depicted that hospitalization in a type A

oom (with access to daylight and window views) significantly

ecreased the average typical LOS among patients with symp-

oms of delirium ( P = 0.019) or dementia ( P = 0.008), those with

istory of anxiety ( P = 0.009) or obesity ( P = 0.003), and those

eceiving palliative care ( P = 0.006) or mechanical ventilation

 P = 0.033) compared to hospitalization in type C rooms (win-

owless rooms). Moreover, a comparison of type B and A rooms

 Figure 6 ) showed that the availability of window views in addi-

ion to daylight in type A rooms significantly reduced the CICU

OS among patients with symptoms of dementia ( P = 0.041),

 history of obesity ( P = 0.033), and receiving palliative care

 P = 0.026). 

oom type and prolonged CICU stay 

A summary of data for patients with prolonged CICU LOS is

resented in Supplementary Table 2. Among these individuals

 n = 412), 14.6% ( n = 60) were hospitalized in type A rooms (with

ccess to daylight and window views), 42.2% ( n = 174) were hos-
ristics based on the GLM model. 

Estimate Std. error t -ratio P -value 

1.005 0.428 2.348 0.019 

0.777 0.337 2.309 0.021 

–0.228 0.452 –0.504 0.614 

0.6438 0.3011 2.138 0.033 

0.3555 0.2111 1.684 0.092 

–0.2883 0.3095 –0.931 0.352 

1.0868 0.392 2.776 0.006 

0.2073 0.249 0.833 0.405 

–0.8795 0.395 –2.224 0.026 

0.8239 0.3084 2.671 0.008 

0.1799 0.2169 0.829 0.407 

–0.644 0.3144 –2.048 0.041 

0.76344 0.2941 2.596 0.009 

0.16039 0.2039 0.786 0.432 

–0.60304 0.3029 –1.991 0.047 

0.8648 0.2905 2.977 0.003 

0.2216 0.2017 1.098 0.272 

–0.6432 0.3005 –2.14 0.033 

ay; Std: Standard. 
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italized in type B rooms (with access to daylight and no win-

ow views), and 43.2% ( n = 178) were hospitalized in type C

ooms (windowless rooms). Findings indicated that patients in

ype A rooms stayed, on average, 7.2 h less in the CICU ( M = 5.1)

han those in type B ( M = 5.4) and type C rooms ( M = 5.4). Due

o the smaller number of patients with prolonged CICU LOS

 n = 412) than those with a typical CICU LOS, the GLM model

as not tested for these patients. The one-way analysis of vari-

nce for the prolonged CICU LOS by room type did not reveal

ny significant results ( P = 0.946). However, data analyses re-

ealed that patients distributed across the rooms ( n = 412) were

ignificantly different based on the presence of respiratory fail-

re symptoms ( 𝜒2 = 12.790, P = 0.002) and receiving mechan-

cal ventilation ( 𝜒2 = 6.902, P = 0.032) during their CICU stay.

n type A rooms, 25.0% of patients showed symptoms of respi-

atory failure compared to 27.0% and 42.7% of patients in type

 and type C rooms, respectively. Also, while only 15.0% of

atients who stayed in type A rooms received mechanical venti-

ation, 30.5% of patients in type B rooms and 32.6% of patients

n type C rooms relied on mechanical ventilation during their

ICU stay. 

iscussion 

This study examined CICU rooms with different levels of ac-

ess to daylight and window views due to patient bed orien-

ation toward the windows and explored the relationship be-

ween rooms with daylight and window views (patient bed par-

llel to the window) (room type A), rooms with daylight but

o access to window views (the patient head was against the

indow with the patient facing inside) (room type B), and win-

owless rooms (room type C) in the CICU. This study found

hat rooms providing access to both daylight and window views

room type A) could reduce CICU LOS among patients by 16.8 h

ompared to windowless rooms (room type C) and by 7.2 h com-

ared to rooms providing daylight exposure only (room type

). However, these differences in CICU LOS were not statisti-

ally significant among patients. On the other hand, the sen-

itivity analysis of a subset of patients with a typical LOS in

he CICU ( ≤ 3 days) indicated that staying in a type A room

ignificantly reduced patients’ CICU LOS (by approximately 1

ay) compared to staying in a type C room. The findings sug-

est that type A room, where the CICU patient bed is placed

arallel to the full-height, south-facing windows, is most effec-

ive in reducing CICU LOS due to providing access to both day-

ight and window views. This finding is in line with reports from

he study by Beauchemin and Hayes, [15] in which south-facing

unny rooms were associated with shorter LOS among patients

ith myocardial infarction compared to dim rooms; however,

hese authors did not discuss window use or bed orientation in

atient rooms. Also, dividing the patient population into those

ith an ICU stay of ≤ 3 days and those with a longer ICU stay for

nvestigation in this study is in line with the existing literature

 

[9,29] 

In addition to these findings, the present study extensively

xplored the impact of relevant clinical and demographic vari-

bles on the relationship between room type and patients’ CICU

OS using a linear model, which has not been previously exam-

ned in the literature. The results showed that patients receiving

echanical ventilation in rooms providing access to both day-
162 
ight and window views (room type A) stayed significantly less

ime in the unit than those in windowless rooms (room type

). Examining the linear model with a subset of patients with

 typical CICU LOS ( ≤ 3 days) also indicated that mechanically

entilated patients stayed significantly less time in rooms with

ccess to daylight and window views (room type A) compared

o windowless rooms (room type C). In addition to mechanically

entilated patients, findings for delirious patients with a typical

ICU LOS revealed that they stayed significantly less time in the

ICU rooms providing daylight either directly or indirectly (type

 or B rooms vs. type C rooms). This finding is in line with the

tudy by Zaal et al. [30] that compared a pair of ICU wards and

ound that the average number of days with delirium was 0.4

ays less among patients in the ICU ward with higher levels of

aylight exposure. In contrast, a recent study investigating the

mpact of daylight exposure in ICU rooms on delirium among pa-

ients receiving mechanical ventilation reported no significant

ifference in the incidence of delirium in windowed vs. win-

owless rooms. [17] However, it should be noted that this study

nly targeted ICU admission related to acute respiratory failure

r sepsis and did not address the patient bed orientation with

espect to the windows in ICU rooms. 

Looking at patients with a history of anxiety among this sub-

et of patients also showed that direct access to daylight and

iews (room type A) significantly decreased the average typical

OS among patients compared to those in type B and C rooms.

hese findings are consistent with those of seminal studies by Ul-

ich 

[11,31] and the theory of supportive design, which addresses

he link between access to views of natural elements (e.g., sky

nd trees) and patients’ reduced stress and anxiety levels. Fur-

hermore, patients diagnosed with certain clinical conditions,

uch as obesity and dementia, also benefited from direct ac-

ess to daylight and views (room type A), experiencing a sig-

ificant reduction in their typical CICU LOS. The literature also

rovides a moderate level of evidence related to the positive as-

ociation between obesity and anxiety [32,33] and that between

ementia, anxiety, and agitation among heart disease patients,

espectively. [34–36] 

The present study also revealed that type A rooms signifi-

antly decreased the average typical LOS among patients re-

eiving palliative care compared to rooms with access to day-

ight only (room type B) and windowless rooms (room type C).

lthough evidence suggests a link between receiving palliative

are and a reduction in ICU LOS among ICU patients in gen-

ral, [37–39] there is a paucity of research regarding the impact of

xposure to direct daylight and window views among patients

ith heart disease receiving palliative care in ICUs. Based on

he sensitivity analysis, patients receiving palliative care in type

 rooms with direct access to daylight and views had a signifi-

antly shorter typical CICU LOS than patients in other (type B or

) rooms. As the majority of available data in this study (approx-

mately 75%) relate to patients with a typical CICU LOS of ≤ 3

ays, the sensitivity analysis targeted this subset of patients. The

ndings related to patients with prolonged CICU LOS indicated

hat room type A is associated with significantly lower rates of

espiratory failure and mechanical ventilation among patients

ompared to other (type B or C) rooms. However, the impact of

otential confounding factors was not explored for this popula-

ion, and future research can apply the GLM model developed

n this study to this group of patients in the CICU. 
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[  
imitations 

This study focused on a single CICU unit with a unique lay-

ut that accommodated three room types with various daylight

nd view conditions. Studying patients in a single CICU in South

arolina allowed the investigators to rule out the confounding

ffect of variations in the quality of care (e.g., CICU staff) on the

utcome of interest but limits the study findings’ generalization.

he unit accommodated both surgical and non-surgical patients;

owever, all surgical patients were hospitalized in windowless

ooms and therefore were excluded from this study. Moreover,

ince most non-surgical patients stayed in this unit for ≤ 3 days,

he sensitivity analysis only targeted this subpopulation, and the

odel was not tested for those patients with prolonged CICU

OS due to the existence of fewer numbers of data points. The

-day cut-off criterion was selected based on the dataset charac-

eristics as well as the existing literature; however, it should be

oted that the cut-off criterion for a typical vs. prolonged ICU

tay might change depending on the population data in other

ettings. In addition, the dataset lacked data regarding SOI and

OM for some patients, and so a number of data points were ex-

luded from analysis. Despite the above-mentioned limitations,

his study design prevented a wide degree of heterogeneity in

he patient data and resulted in more reliable findings that could

e generalizable to CICU patients with a typical LOS of ≤ 3 days.

n addition, it should be noted that the CICU in this study was

ocated on the third floor of a hospital building in an urban set-

ing, thus providing access to views of the city skyline for those

atients in rooms with access to window views. There were also

ifferences in patients’ direct daylight exposure during daytime

n the two rooms categorized as type A rooms with access to

aylight and window views due to their mirrored layout. Other

imitations associated with the setting in the present study in-

luded the absence of data regarding certain confounding fac-

ors, including visibility of patients from nursing stations, noise

evels and privacy, and clinical information such as laboratory

est data during patients’ CICU stay. 

onclusions 

This study investigated patients’ LOS across CICU room types

ith different levels of daylight exposure and access to window

iews due to varying bed orientations in the rooms. Findings in

his study delineated that patients receiving mechanical venti-

ation in rooms with direct access to both daylight and window

iews stayed significantly less time in the CICU than those in

indowless CICU rooms. Also, the study showed that parallel

lacement of the bed to the full-height CICU windows, provid-

ng direct access to daylight and window views, significantly

educed LOS among patients with a typical CICU stay ( ≤ 3 days)

ompared to those in windowless rooms. This finding can help

ospital stakeholders, architects, and medical planners to deter-

ine the room layout that is conducive to patient recovery and

aximizes the efficiency of windows in CICUs. To build upon

he present study and address the above-mentioned limitations,

uture research can investigate the impact of daylight and views

n heart disease patients who have undergone surgery or exam-

ne the impact of other types of views (e.g., views of green space

s. urban settings), lighting color, and differences in the dura-

ion and time of direct daylight exposure on CICU patients. 
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