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INTRODUCTION 

Delirium is a neuropsychiatric syndrome characterized by cognitive dysfunction, a decreased 

ability to maintain attention, and unorganized thinking owing to several factors [1]. The inci-

dence rate of delirium is 20%–30% among patients hospitalized in the general ward and 36%–

44% among older post-surgery patients [2,3]. However, the incidence rate among patients in 

intensive care units (ICUs) can approach 70%–90% [4-6]. Delirium has been associated with a 

prolonged hospital stay, more frequent complications, increased cost of care and duration of 

mechanical ventilator use, chronic impairment of cognitive function, and mortality [6-8].  

Several studies reported that an estimated 30%–40% of delirium cases are preventable [2,9]. 

However, preventive measures are often not implemented because of advanced patient age, 
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poor baseline cognition, and patient fragility. Inouye [1] iden-

tified four predisposing factors (cognitive impairment, severe 

illness, visual impairment, and dehydration) and five precipi-

tating factors (polypharmacy, catheterization, use of restraints, 

malnutrition, and any iatrogenic event) associated with the 

development of delirium [6,10]. Their results suggest that pa-

tients with high baseline vulnerability can develop delirium in 

response to weak precipitants. 

The most frequently debated factor that influences deliri-

um onset is the ICU environment [2]. Crucial factors relevant 

to the development of delirium include (1) separation from 

family and acquaintances, (2) a mechanized environment for 

treatment, (3) noise, (4) bright lights, (5) insufficient sleep, (6) 

no guaranteed privacy, (7) an environment without windows, 

where the day is indistinguishable from the night, and (8) 

movement limitations owing to the numerous catheters re-

quired for monitoring and treatment [11]. 

In the ICU, the main treatment of delirium involves pharma-

cological intervention [12,13]. Non-pharmacological interven-

tion requires a multi-disciplinary approach; therefore, imple-

menting non-pharmacological interventions in ICU settings 

can be challenging. However, several studies have reported 

that non-pharmacological interventions can prevent delirium 

in ICU patients more effectively than pharmacological inter-

ventions [6,13-15]. Delirium frequently occurs in the surgical 

intensive care unit (SICU) and has been reported to have a 

negative effect on prognosis in several studies [16]. However, 

there are not many studies demonstrating the effectiveness of 

environmental interventions specifically in critically ill surgical 

patients, a group that experiences a high incidence of delirium. 

In the present study, we describe results of non- pharmacolog-

ical environmental interventions targeting critically ill patients 

admitted to the SICU and investigated whether these interven-

tions improved outcomes associated with delirium. 

MATERIALS AND METHODS 

Study Design 
This prospective, pre-post intervention cohort study was per-

formed to assess the impact of an environmental intervention 

program on critically ill surgical patients (such as those with 

postoperative trauma and sepsis) who were admitted to the 

SICU of Asan Medical Center, a tertiary academic teaching 

hospital with over 2,000 beds. The SICU has 14 beds and is 

attended by physicians (1 attending, 3 fellows) and registered 

nurses (staff to patient ratio, 1:2). 

This study was approved by the Institutional Review Board 

of Asan Medical Center (No. 2014-0344). In the intervention 

group, we obtained written informed consent from the pa-

tients and/or the closest family member if a patient could not 

provide consent. In the control group, we collected data retro-

spectively and proceeded with a waiver of informed consent. 

This trial is registered at ClinicalTrials.gov (NCT04042649). 

Study Population 
The present study enrolled patients admitted to the SICU 

during the pre-intervention period (June 2013 to October 2013) 

and post-intervention period (June 2014 to October 2014). En-

vironmental interventions had been applied in the SICU since 

March 2014, and a 3-month window was decided to consider 

trial and error in the early stages of the intervention protocol. 

Inclusion criteria were patients (1) 18 years or older, (2) who 

understood the purpose of this study and agreed to participate, 

and (3) who stayed in the SICU for at least 48 hours. Exclusion 

criteria were patients who (1) remained unresponsive (defined 

as a Richmond Agitation-Sedation Scale [RASS] score less than 

–4), (2) could not be assessed by the Confusion Assessment 

Method for the ICU (CAM-ICU) owing to severe visual or 

hearing disturbance, (3) had a history of severe psychiatric or 

neurologic deficits (including delirium before ICU admission), 

(4) required isolation due to transplantation or immunologi-

cal compromise, (5) were discharged from the ICU within 48 

hours, (6) were re-admitted to the ICU, (7) were younger than 

18 years, and (8) were admitted to the SICU through another 

ICU, because patient transfer also affects delirium. 

Delirium Diagnosis 
The Society of Critical Care Medicine recommends using the 

CAM-ICU, developed for critically ill patients, to diagnose de-

lirium [17]. The CAM-ICU has high reliability (93%–100%) and 

validity (98%–100%), as well as high internal validity [18,19]. 

The CAM-ICU can be easily administered to critically ill pa-

tients on mechanical ventilation [20]. The nurse in charge of 

each patient applied the CAM-ICU tool using the same meth-

■ Environmental interventions can help reduce the dura-
tion of delirium.

■ Environmental interventions in the intensive care unit 
are safe and effective.

KEY MESSAGES
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od during the pre- and post-intervention periods and con-

firmed the development of delirium on each shift (three times 

per day). To increase accuracy, the presence of delirium was 

also confirmed by the head nurse. In addition, medical staff 

training was reinforced via quality improvement (QI) activities. 

Delirium Prevention QI Program 
The interdisciplinary QI team comprised SICU attending staff, 

a clinical nurse practitioner, an SICU nurse unit manager, and 

bedside registered nurses. First, environmental factors that 

could be improved were identified. During the post-interven-

tion period, we conducted team education on the environ-

mental intervention protocol, analyzed risk factors, and pro-

vided feedback on the subsequent outcomes (Figure 1). The 

environmental interventions were not conducted during the 

pre-intervention period. However, during the post-interven-

tion period, they were implemented for all patients admitted 

to the SICU, regardless of delirium diagnosis, and intervention 

activities were reinforced based on a checklist for task perfor-

mance. Environmental interventions were performed from 

the day after SICU admission to discharge from the SICU. The 

environmental intervention protocol was carried out as de-

scribed in Figure 2. On the day after SICU admission, a calen-

dar was placed at a site with easy visibility, while an accurate 

and clear-cut orientation was provided from time, place, and 

person on every shift. In addition, pictures of the family or 

close friends were posted, and patients listened to music or 

watched portable television. A call bell was installed within 

hands-reach for patients for whom oral communication was 

difficult owing to tracheal intubation or tracheostomy. Com-

munication was improved by providing glasses and hearing 

aids to patients with visual and hearing impairments, respec-

tively. A proper sleep environment to improve and promote 

sleep during the night was created by minimizing nonessential 

medical activities and providing earplugs and eye masks to be 

worn as desired [17]. 

Outcomes and Data Collection 
The primary outcomes were prevalence, time to onset, and 

duration of delirium. Secondary outcomes were number of 

days of ventilator use, length of SICU stay, length of stay (LOS) 

at the hospital, rate of SICU readmission, and ICU and in-hos-

pital mortality rates. The relevant data were collected through 

the electronic medical record system. Average sleep time was 

Figure 1. Delirium prevention quality improvement program. ICU: intensive care unit; NICE: National Institute for Health and Care Excellence.

Step 1. Team education on delirium

Step 2. Analyze risk factors

Step 3. Implementation of environmental intervention

Step 4. Audit and feedback of team performance throughout the intervention periods

1) Education of nurses on delirium prevention programs
The lecture involved reviewing cases rather than a lecture on delirium. After the clinical nurse practitioner conducted the 
whole training, the group was divided into six subgroups of five to six individuals. Individual education was performed to 
supplement any relevant information not covered in the lectures.
2) Caregiver education on delirium prevention programs
Following admission, research team leaders educated patient caregivers using the "Prevention of delirium in the critically 
ill" pamphlet.

Patients who were 65 years old, admitted via another ICU, visually impaired, in shock or requiring open rooms or restraints 
were considered as being at high risk of delirium.

The Delirium Prevention Program was organized by selecting environmental intervention items from the 2010 NICE 
Delirium Clinical Guideline (Figure. 2 algorithm).

Each shift nurse performed an environmental intervention on the patient and completed the Delirium Prevention Program 
checklist stored in front of the bed.
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gathered through nursing records, while the history of sleep 

disorders and the use of sleeping pills were collected through 

medical records to determine whether patients had a prior 

history of treatment before admission to the SICU. Data from 

the pre-intervention period were collected retrospectively, 

while data from the post-intervention period were collected 

prospectively after obtaining IRB approval. 

Statistical Analysis 
All statistical analyses were performed using IBM SPSS 21.0 

(IBM Corp.). The chi-square test and t-test were used to ana-

lyze the general characteristics and clinical outcomes of target 

groups. A two-sided P-value less than 0.05 was considered sta-

tistically significant.    

RESULTS  

Study Population and Characteristics 
A total of 463 patients was admitted to the SICU during the 

study period. However, 271 patients were excluded based on 

the predefined criteria. We enrolled a total of 192 patients; 101 

patients were in the pre-intervention (control) group with-

out environmental interventions, and 91 patients were in the 

post-intervention (intervention) group with environmental in-

tervention. During the study period, five patients in the pre-in-

tervention group and three in the post-intervention group 

dropped out owing to sudden exacerbation of their general 

condition, with an RASS score of –4 or –5. The final analysis in-

cluded 96 patients in the pre-intervention group and 88 in the 

post-intervention group. There were no significant differences 

between baseline measures of the two groups (Table 1). Of the 

final cohort, 69 (71.9%) patients in the pre-intervention group 

and 61 (69.3%) in the post-intervention group developed de-

lirium (Figure 3). No significant differences were observed 

between the pre- and post-intervention groups in any general 

characteristics, including sex, age, severity, or ventilator use 

(Table 2). 

Figure 2. Environmental intervention protocol. CAM-ICU: Confusion Assessment Method for the intensive care unit.

Table 1. General characteristics of included patients (n=184)
Characteristics Pre-intervention (n=96) Post-intervention (n=88) P-value
Male 77 (80.2) 61 (69.3) 0.125
Age (yr) 62±14 64±16 0.334
  >65 yr 61 (63.5) 54 (61.4) 0.879
Average sleep time (hr) 6.5±1.6 6.5±1.7 0.154
Sleep disorder 7 (7.3) 6 (6.8) 1.000
Use of sleeping pills 3 (3.1) 6 (6.8) 0.413
Visual disturbance 70 (72.9) 54 (61.4) 0.130
Hearing disturbance 8 (8.3) 11 (12.5) 0.493
APACHE II score 13.7±7.0 15.3±6.4 0.534
Incidence of delirium 69 (71.9) 61 (69.3) 0.750

Values are presented as number (%) or mean±standard deviation.
APACHE: Acute Physiology and Chronic Health Evaluation.

• Delirium screening (CAM-ICU)
• �Provide orientation (time, person, place) and information of environments (Utilize calendar)
• Apply verbal and non-verbal communication skills
• Delirium education for family members upon admission

• �Assess visual and hearing impairment; if necessary, provide eye glasses and hearing aids
• �Provide a comfortable environment (pictures of family or friends, television, music)
• �Enforce the sleep-wake cycle (night light, minimum nursing activities at night)

Delirium
screening &
orientation

Environmental
interventions
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Figure 3. Flow diagram of study participants. RASS: Richmond Agitation-Sedation Scale; ICU: intensive care unit; SICU: surgical intensive care 
unit.

262 Pre-intervention 
(Jun–Oct 2013) 

110 Exclusion criteria 
10 RASS: –4 or –5 
29 �Severe visual or auditory disturbance, or 

neurologic problem (including delirium before 
ICU admission)

17 Experienced an isolation room 
22 Discharged from the SICU within 48 hr 
11 Readmission 
  3 Younger than 18 yr
18 Admission to the SICU through another ICU

161 Exclusion criteria
15 RASS: –4 or –5 
38 �Severe visual or auditory disturbance, or 

neurologic problem (including delirium before 
ICU admission)

18 Experienced an isolation room 
40 Discharged from the SICU within 48 hr 
23 Readmission
  6 Younger than 18 yr
21 Admission to the SICU through another ICU

101 Allocated control group 

5 Dropout 

96 Analyzed 

27 ICU discharge without 
delirium

69 Patients with delirium

201 Post-intervention
(Jun–Oct 2014)

91 Allocated intervention group 

3 Dropout

88 Analyzed

27 ICU discharge without 
delirium

61 Patients with delirium

Clinical Outcomes before and after Environmental 
Interventions 
No significant difference was observed between the pre- and 

post-intervention groups regarding the prevalence of patients 

who developed delirium (71.9% vs. 69.3%, P=0.75). No dif-

ference in the time of delirium onset was observed between 

the groups (2.6±2.4 days vs. 2.1±1.8 days, P=0.242). However, 

the duration of delirium was 14.4±19.1 days for patients in 

the pre-intervention group and 7.7±7.3 days for those in the 

post-intervention group, a significant reduction (P=0.027). Re-

garding secondary outcomes, the number of days of ventilator 

use tended to be lower for patients in the post- intervention 

group than for those in the pre-intervention group (15.3±22.9 

days vs. 9.8±11.7 days, P=0.088). The LOS in the SICU was 

20.0±22.9 days for patients in the pre-intervention group and 

12.6±8.7 days for patients in the post-intervention group, a 

significant reduction (P=0.030). However, no significant differ-

ences in LOS in the general ward or the ICU or in the in-hos-

pital or 6-month mortality rates were detected between the 

groups (Table 3). 

DISCUSSION 

The development of delirium predicts increases in the length 

of ICU and hospital stay, cost of care, and mortality. Therefore, 

many studies have aimed at preventing delirium. Our study re-

vealed that environmental intervention could reduce the dura-

tion of delirium. We found that the mean duration of delirium 

after the environmental intervention was reduced from 14.4 to 

7.7 days. As the duration of delirium decreased, the total num-

ber of days spent in the SICU decreased from 20.0 to 12.6 days. 

Pisani et al. [21] reported that longer durations of delirium re-

sulted in higher 1-year mortality rates, with annual increases of 

10%. In addition, Ely et al. [7] showed that delirium in ICU pa-

tients with mechanical ventilation is associated with increased 

6-month mortality. Although our study did not detect any dif-

ferences in mortality rates, shortening the duration of delirium 

could significantly reduce the days of ICU stay and the length 
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Table 2. General characteristics of delirium patients (n=130)
Characteristics Pre-intervention (n=69) Post-intervention (n=61) P-value
Male 57 (82.6) 42 (68.9) 0.066
Age (yr) 67±11  67±14 0.934
  >65 yr 44 (63.8) 43 (70.5) 0.416
Average sleep time (hr) 6.4±1.4 6.5±1.5 0.601
Sleep disorder 5 (7.2) 4 (6.6) 0.877
Use of sleeping pills 2 (2.9) 6 (9.8) 0.100
Visual disturbance 52 (75.4) 39 (63.9) 0.156
Hearing disturbance 7 (10.1) 7 (11.5) 0.807
Route of admission 0.152
  Emergency room 32 (46.3) 26 (42.7)
  Operation room 29 (42.0) 27 (44.3)
  General ward 8 (11.7) 8 (13.1)
Reason for admission 0.865
  Postoperative monitoring 26 (37.7) 21 (34.4)
  Respiratory failure 18 (26.1) 16 (26.2)
  Sepsis 19 (27.5) 18 (29.5)
  Bleeding 2 (2.9) 3 (4.9)
  Others 4 (5.8) 3(4.9)
APACHE II score 15.3±6.8 17.4±5.9 0.066
Mechanical ventilation 65 (94.2) 60 (98.4) 0.219
Use of restraint 65 (94.2) 58 (95.1) 0.825
Hemodialysis 12 (17.4) 7 (11.5) 0.341
Shock 35 (50.7) 36 (60.0) 0.291
Sedative drug 64 (92.8) 58 (95.1) 0.581
  Use of benzodiazepine 16 (23.2) 9 (15.5) 0.279

Values are presented as number (%) or mean±standard deviation.
APACHE: Acute Physiology and Chronic Health Evaluation.

Table 3. Clinical outcomes pre- and post-intervention (n=130)
Characteristics Pre-intervention (n=69) Post-intervention (n=61) P-value
Primary outcome
  Time of delirium onset (day) 2.6±2.4 2.1±1.8 0.242
  Duration of delirium (day) 14.4±19.1 7.7±7.3 0.027
Secondary outcome
  Day of ventilator use 15.3±22.9 9.8±11.7 0.088
  Length of ICU stay (day) 20.0±22.9 12.6±8.7 0.030
  Length of GW stay (day) 25.9±32.9 29.7±41.1 0.561
  Readmission to SICU 11 (15.9) 9 (14.7) 0.549
  Length of hospital stay (day) 52.0±42.6 46.8±43.3 0.435
  SICU mortality 8 (11.6) 9 (14.7) 0.257
  In-hospital mortality 9 (13.0) 12 (19.7) 0.248
  6-Month mortality 12 (17.4) 12 (19.7) 0.914

Values are presented as mean±standard deviation or number (%).
ICU: intensive care unit; GW: general ward; SICU: surgical intensive care unit.
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of mechanical ventilation. Prolonged ICU stays can increase 

the risk of complications, including aspiration, pressure ulcers, 

ventilator-associated pneumonia, and post-intensive care syn-

drome [22]. As environmental intervention decreases ICU stay, 

it plays a crucial role in critical care. 

Several studies have reported that the incidence of delirium 

can be reduced by environmental interventions that minimize 

the risk factors for delirium [5,6,23]. Vidán et al. [24] reported 

that non-pharmacologic interventions can reduce the inci-

dence of delirium by 30%–40%. Similarly, in patients with a 

hip fracture, Björkelund et al. [25] documented a substantial 

reduction in the incidence of delirium (from 34% to 22%) with 

interventions such as hydration, oxygenation, analgesia, and 

optimization in the care environment. However, our results 

differ from those of other studies in a number of important 

aspects. In our study, the incidence of delirium was not sig-

nificantly different before and after interventions. As with pre-

vious studies, for our patients, delirium developed within 2–3 

days after SICU admission [3,26]. This short period was insuf-

ficient to observe the effect of environmental intervention on 

delirium onset. It is necessary to identify and minimize the risk 

factors associated with delirium onset, but there was a limita-

tion in reducing incidence because most delirium occurred so 

soon after initial admission to the ICU. 

Herein, the mean duration of delirium was 14 days, which is 

considerably longer than that reported in other studies (mean 

duration, 3–5 days) [3,27]. The duration of delirium depends 

on the severity of delirium and the composition of the ICU. In 

other studies, many patients were in the ICU for postoperative 

care after elective surgery; however, in our study, sepsis and 

respiratory failure patients accounted for most cases, which 

suggests that environmental intervention could substantially 

impact high-severity cases. 

In addition to orientation and communication assistance, 

we focused on a proper sleep environment. Critically ill pa-

tients experience poor sleep, which worsens delirium. One 

study in the SICU found that patients only slept for 2 hours 

per day [28]. In the present study, a proper sleep environment 

was established by minimizing nonessential medical activities 

and providing earplugs and eye masks to be worn as desired. 

Before implementing the protocol, we performed radiography 

examinations, blood sampling, and weight measurements at 

night. After implementing the protocol, these tests were per-

formed before sleep or in the morning to ensure a consistent 

sleep/wake cycle. However, there was no significant difference 

observed in the change in sleep duration between the pre-in-

tervention and post-intervention groups. There was a limita-

tion in appropriately assessing the quality of sleep. Future eval-

uation of sleep quality and additional analysis are necessary. 

The main strength of our study is that specially trained 

nurses who were CAM-ICU educated examined the patients 

on every shift and verified delirium diagnoses three times per 

day. Early detection of delirium is an important factor in its 

treatment [17,29]. In previous reports, delirium was diagnosed 

once daily using the CAM-ICU or other diagnostic tools [3,27]. 

However, we performed the CAM-ICU thrice daily to improve 

the sensitivity of the delirium diagnosis; this increased sen-

sitivity may positively affect the outcome of environmental 

interventions. Even before the intervention, delirium was eval-

uated using CAM-ICU, but the QI activities provided contin-

uous education and increased validity and accuracy. Another 

strength of this study is that it was conducted only on critical ill 

surgical patients, who tend to have a high incidence of deliri-

um. We prospectively analyzed the prevalence of delirium and 

the effectiveness of environmental interventions by comparing 

patients before and after intervention. 

Nevertheless, there are some limitations to this study. First, 

use of the “before” and “after” design should be noted. No sig-

nificant difference was observed between the characteristics of 

patients in the “before” and “after” groups. Second, our study 

was conducted at a single institution. As a relatively short-

term study conducted within a single institution, it may have 

limitations in representing all critically ill patients. Addition-

ally, the severity of the patients at our hospital may differ from 

those in other ICUs, making it challenging to generalize our 

findings. Also, the characteristics of the ICU, such as bed type 

being open-type or isolated-type, may have introduced bias. 

According to Zaal et al. [27], switching from an open-type ICU 

bed to a single-bed room can reduce the duration of delirium. 

Therefore, subgroup analysis may be required depending on 

the type of ICU bed. Finally, patient comorbidities may affect 

the occurrence of delirium and the LOS in the ICU, but cor-

rection for these confounding variables may not be sufficient. 

Future evaluation and additional analysis of risk factors related 

to delirium may be necessary. 

Delirium is one of the main causes of prolonged ICU stay. 

Based on our findings, environmental intervention could be a 

useful tool for decreasing the duration of delirium in critically 

ill surgical patients. The tested environmental interventions 

are economical, safe, and effective. To implement an environ-

mental intervention protocol, it is necessary to identify the risk 

factors of delirium and to introduce environmental changes 
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that can be realized and adapted to the actual circumstances 

of each hospital.  
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