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Abstract
Aim. To develop a multimodal environmental modification protocol for the intensive care unit (ICU) and evaluate its 
feasibility and preliminary associations with sleep quality and pain intensity in patients.
Materials and methods. A quasi-experimental, single-arm study involving 152 adult patients was conducted from 
June to August 2025 in the ICU of a Type B hospital in Central Java, Indonesia. Environmental modifications included 
six interventions: earplugs, eye masks, music therapy, lavender aromatherapy, lighting adjustments, and noise 
reduction measures, which were applied daily for three consecutive nights (content validity = 0.94). Sleep quality 
was measured using the Richards-Campbell Sleep Questionnaire (RCSQ), and pain intensity was measured using 
the numeric rating scale (NRS). Paired t-tests, 95% confidence intervals (CI), and Cohen's d were used to describe 
intervention effectiveness. Normality of distribution was tested using the Shapiro–Wilk test.
Results. All 152 ICU participants completed the three-day protocol, with overall adherence being 94%. Mean RCSQ 
scores improved from 34.6 with 11.3 to 51.8 with 10.6 (95% CI: 15.46–18.94; paired t-test, p < 0.001; Cohen's d = 
1.57). Mean NRS scores decreased from 4.7 with 1.8 to 2.8 with 1.3 (95% CI: −2.15 to −1.65; paired t-test, p < 0.001; 
Cohen's d = 1.21). No adverse events were noted. Objective environmental monitoring (subsample n = 40) showed a 
mean reduction in noise and lighting levels at the patient's bedside during the intervention.
Conclusion. The protocol for creating a positive environment in the ICU was feasible, acceptable, and resulted in 
subjective improvements in sleep quality and pain intensity in patients.
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Sleep disturbance and pain are major burdens in intensive care units, and a multimodal 
environmental assessment protocol was developed and validated, preliminary 
associations with sleep quality and pain intensity evaluated over three nights.
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Overall adherence: 94%
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Разработка и валидация протокола модификации окружающей 
среды, влияющей на качество сна и интенсивность боли 

у пациентов отделения интенсивной терапии
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Университет Мухаммадия в Гомбонге (UNIMUGO)
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Аннотация
Цель. Разработать мультимодальный протокол модификации окружающей среды для отделения реанима-
ции и интенсивной терапии (ОРИТ), провести оценку его осуществимости и предварительных связей с каче-
ством сна и интенсивностью боли у пациентов.
Материалы и методы. Квазиэкспериментальное одногрупповое исследование с участием 152 взрослых 
пациентов проводилось с июня по август 2025 года в ОРИТ больницы типа B в провинции Центральная Ява, 
Индонезия. Модификация окружающей среды включала 6 инструментов: беруши, маски для глаз, музыкоте-
рапия, ароматерапия с лавандой, регулировка освещения и меры по снижению шума, которые применялись 
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ежедневно в течение трех последовательных ночей (содержательная валидность = 0,94). Качество сна измеря-
лось с помощью опросника сна Ричардса – Кэмпбелла (RCSQ, Richards – Campbell Sleep Questionnaire), а интен-
сивность боли – с помощью числовой рейтинговой шкалы (NRS, numeric rating scale). Для описания эффектив-
ности вмешательства использовались парные t-критерии, 95% доверительные интервалы (ДИ) и стандартное 
отклонение d Коэна. Нормальность распределения проверялась с помощью критерия Шапиро – Уилка.
Результаты. Все 152 участника ОРИТ завершили трехдневный протокол, общая приверженность составила 
94%. Средние баллы по шкале RCSQ улучшились с 34,6 ± 11,3 до 51,8 ± 10,6 (95% ДИ: 15,46–18,94; парный 
t-критерий, p <0,001; коэффициент Коэна d = 1,57). Средние баллы по шкале NRS снизились с 4,7 ± 1,8 до 2,8 ± 
1,3 (95% ДИ: от −2,15 до −1,65; парный t-критерий, p < 0,001; коэффициент Коэна d = 1,21). Нежелательных 
явлений не отмечено. Объективный мониторинг окружающей среды (подвыборка n = 40) показал среднее 
снижение уровня шума и освещения у постели больного в часы проведения вмешательства.
Заключение. Протокол по созданию благоприятной среды в ОРИТ оказался осуществимым, приемлемым 
и обеспечил субъективное улучшение качества сна и снижение интенсивности боли у пациентов.

Ключевые слова: отделение интенсивной терапии; модификация окружающей среды; качество сна; обезбо-
ливание; анализ осуществимости
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Abbreviations:
AE – adverse events
ICU – intensive care unit

NRS – numeric rating scale
RCSQ – Richards-Campbell sleep questionnaire
SD – standard deviation

HIGHLIGHTS КЛЮЧЕВЫЕ ПОЛОЖЕНИЯ

Despite advances in critical care technologies, nurses continue 
to face constant stress, heavy workloads, and limited capacity to 
address patients' non-pharmacological needs.

Несмотря на достижения в области технологий интенсивной 
терапии, медицинские сестры по-прежнему сталкиваются 
с постоянными стрессовыми факторами, высокой рабочей 
нагрузкой и ограниченными возможностями для удовлетворения 
немедикаментозных потребностей пациентов.

Routine clinical priorities often focus on physiological stabilization 
of patients, while environmental factors such as sleep disturbances 
and pain sensitivity receive less systematic attention.

Приоритеты рутинной клинической работы часто 
сосредоточены на физиологической стабилизации пациентов, 
в то время как нарушения их сна и восприимчивость боли, 
связанные с окружающими факторами, получают меньше 
систематического внимания.

In resource-limited intensive care settings, the absence of 
standardized, nurse-led environmental protocols further limits the 
integration of holistic care into daily practice.

В условиях ограниченных ресурсов в отделениях интенсивной 
терапии отсутствие стандартизированных протоколов 
по улучшению окружающей среды, разработанных 
медсестрами, еще больше ограничивает интеграцию 
целостного подхода к уходу в повседневную практику.

Addressing these gaps requires feasible, structured, and context-
appropriate interventions that can be consistently implemented by 
bedside nurses.

Для устранения этих пробелов необходимы осуществимые, 
структурированные и соответствующие контексту 
вмешательства, которые могут последовательно внедряться 
медсестрами у постели больного.

Sleep disturbance and pain management remain major 
issues in intensive care unit (ICU) worldwide [1, 2]. A 
systematic review and meta-analysis A. Ashghab et al. 
[3] reported that approximately 66% of critically ill adult 
patients experienced sleep disturbance during their ICU 
stay, with these disturbances persisting for months after 
discharge. Another large observational study L. Alegria 
et al. [4] involving non-sedated ICU patients suggested 
that not only pain, but also environmental lighting, noise, 
and frequent nighttime care interventions were strongly 
correlated with poor sleep quality; similar findings have 
been reported previously [5, 6]. Sleep disturbances have 
been linked to impaired respiratory performance, an 
increased risk of delirium, longer duration of mechanical 
ventilation, and higher ICU mortality [7–10].

Despite growing awareness, most interventions 
assessed in recent years focused on single-component 
strategies such as earplugs, eye masks, noise 
suppression, or music therapy [11, 12]. In many studies, 
these interventions produced modest improvements, but 
standardization of combined environmental modification 
was lacking. Reviews called for multicomponent 
protocols, validated tools, and feasibility data to 
implementation guide [13]. Studies assessing the 
content validity of such interventions, adherence, and 
acceptability among ICU patients under real-world 
constraints were often lacking in healthcare settings in 
low- and middle-income countries [14–17].

The novelty of this study remained in designing 
integrated, validated environmental protocols and 

evaluating them for feasibility before large-scale trials. 
The development of intervention was informed by 
environmental theory in nursing, particularly the work 
of Florence Nightingale, which emphasizes the role 
of external factors such as light, noise, and ventilation 
in supporting patient recovery [18, 19]. Concepts 
from behavioral sleep medicine, including stimulus 
control and relaxation theory, also guided the selection 
of intervention components [20–22]. By integrating 
these theoretical foundations, the protocol combined 
environmental modifications and sensory stimulation 
to create conditions conducive to improved sleep and 
reduced pain, thereby addressing the multifactorial 
challenges faced by ICU patients.

Aim of the study: to develop and clinically test a 
comprehensive environmental modification protocol in 
ICU and to evaluate its feasibility, acceptability, and 
preliminary associations with subjective sleep quality 
and pain intensity in adult patients. Secondary aims 
were to estimate effect sizes and to document adherence, 
safety, and operational issues relevant to the design of 
future randomized trials.

MATERIALS AND METHODS
This study used a quasi-experimental, single-arm 

design with pre- and post-intervention feasibility 
assessment conducted between June and September 2025 
in the ICU of a Type B accredited hospital in Central 
Java, Indonesia. Eligible patients were identified daily 
and consecutively recruited during the study period.
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Patient Enrollmen
A total of 180 patients were screened between June 

and August 2025, of whom 152 met the inclusion criteria 
and were consecutively enrolled in the study (Fig.). 
28  patients were excluded (did not meet criteria or 
declined).

Inclusion criteria were:
•	 age ≥18 years;
•	 being conscious and able to communicate verbally;
•	 expected ICU stay of ≥3 consecutive nights with 

hemodynamically stability during data collection, 
defined as mean arterial pressure ≥65 mmHg with no 
escalating vasopressor requirement in the previous 
12 hours (low-dose vasopressor use of ≤0.05 µg/kg/
min was permitted).
Exclusion criteria were:

•	 deep sedation (Richmond Agitation–Sedation Scale 
≤ −3);

•	 continuous mechanical ventilation;
•	 severe cognitive impairment or delirium at screening.

Lavender/essential oil allergy screening involved a 
baseline question regarding known allergies to fragrances 
or essential oils  – patients with known allergy were 
excluded from the study. For patients without a known 

allergy a 5-minute bedside inhalation tolerance test was 
performed prior to the first night; if any adverse reactions 
occurred, aromatherapy was withheld.

Protocol for environmental modification in ICU
The intervention protocol consisted of multiple non-

pharmacological tools applied simultaneously: 1) Eye 
masks: soft cotton fabric eye masks (Lanaform, Belgium) 
with elastic bands, designed to block ambient light; 
2) Earplugs: disposable polyurethane foam earplugs 
(3M™ 1100, USA) providing noise reduction rating of 
29 dB; 3) Music therapy: instrumental relaxation music 
(tempo 60–80 beats per minute, volume 40–50 dB), 
delivered via bedside loudspeakers (Sony SRS-XB12, 
Japan). Music tracks were selected from a standardized 
relaxation playlist validated in prior ICU studies, 
consisting of slow-tempo instrumental music designed 
to promote relaxation and reduce environmental stress 
[23]; 4) Lavender aromatherapy: pure lavender essential 
oil (Lavandula angustifolia, Now Foods®, USA) diluted 
to 2% concentration in distilled water, was administered 
using an ultrasonic diffuser (InnoGear®, China) placed 
1.5 m from the patient’s bed; 5) Lighting adjustment: 
overhead ICU fluorescent lamps were dimmed to 
<50 lux at patient bedside using adjustable dimmer 

FIG. TREND flowchart.

Note: ICU – intensive care unit; NRS – numeric rating scale; RCSQ – Richards-Campbell sleep questionnaire.
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switches installed in each cubicle; 6) Noise reduction: 
non-essential alarms and conversations near the patient 
were minimized. Staff were instructed to maintain voice 
levels <50 dB during nighttime hours. Noise reduction 
was implemented through staff education and the 
creation of an appropriate environment. ICU nurses 
received brief instructions to silence non-essential 
alarms when clinically appropriate, promptly responding 
to active alarms, and limiting non-urgent conversations 
at the patient's bedside during nighttime hours. Visual 
reminders were posted at the patient's bedside, and 
compliance with these rules was monitored by the nurse 
on duty during each shift.

The protocol was implemented over three consecutive 
nights from 21:00 to 06:00. Each night at 21:00, patients 
were assisted with the application of eye masks and 
earplugs, lavender aromatherapy diffuser was activated, 
lights were dimmed, and background music was played 
for 30 minutes prior to the sleep period. Earplugs 
and eye masks were maintained throughout the night 
unless removed by the patient. ICU staff adhered to a 
“quiet hours” policy to reduce avoidable disturbances. 
Intervention fidelity was monitored by bedside nurses 
and recorded in feasibility logs. The intervention was 
delivered individually at the bedside for each patient. All 
procedures were implemented by trained ICU nurses, 
under the supervision of the research team. To enhance 
protocol compliance, nurses assisted patients in applying 
earplugs and eye masks, monitored patient comfort 
throughout the night, and documented compliance 
using structured checklists. The individual ICU patient 
served as the unit of analysis, consistent with the unit of 
assignment.

Critical alarms remained active at all times. The 
protocol required that only non-critical alarms could be 
minimized (e.g., lowering non-urgent monitor volumes 
or relocating equipment alarms) while continuous 
physiological monitoring and rapid alarm escalation 
procedures were maintained. Nurses were instructed to 
immediately return devices to full volume if any clinical 
deterioration was observed. Adverse events (AE) were 
recorded using a structured AE log; trial staff reviewed 
logs daily. For aromatherapy intervention, patients 
underwent the pre-exposure tolerance check (5 minutes) 
under observation; any signs of respiratory distress, rash, 
or intolerance led to immediate discontinuation and 
reporting. No intervention-related AE occurred in this 
cohort.

The protocol, assessed by five experts, demonstrated 
high content validity across four criteria: relevance 
(1.00), clarity (0.92), simplicity (0.88), and applicability 
(0.96) with an overall average scale-level content validity 
index (S-CVI/Ave) of 0.94.

Validated tools for feasibility assessment
Data were collected using validated instruments 

to assess the feasibility of the intervention and its 

preliminary associations with sleep quality and pain 
intensity. Sleep quality was measured using the 
Richards-Campbell sleep questionnaire (RCSQ) [24], a 
widely used five-item visual analog scale ranging from 0 
(very poor) to 100 (excellent): sleep depth, sleep latency, 
number of awakenings, efficiency of returning to sleep, 
and overall sleep quality. Pain intensity was evaluated 
daily using the numeric rating scale (NRS) [25], a simple 
and reliable tool in which patients rated their pain from 0 
(no pain) to 10 (worst possible pain).

Primary feasibility outcomes were: recruitment rate, 
protocol completion (defined as participant completion 
of all 3 nights), per-component adherence (checklist), 
acceptability, and AE. Secondary exploratory outcomes: 
subjective sleep quality (RCSQ) and pain intensity 
(NRS). Objective environmental measures (bedside 
LAeq noise and bedside light level) were recorded in 
a subsample (n = 40) using calibrated instruments. The 
sample size was pragmatic for a feasibility study and 
included all eligible patients during the 3-month period 
(n = 152). No formal power calculation for hypothesis 
testing was performed; effect size estimates from this 
cohort will inform sample size calculations for future 
randomized controlled trials.

Blinding was not implemented in this study due 
to the nature of the intervention, which required ICU 
patients and nurses to be aware of the environmental 
modifications. Participants were informed of the 
interventions they received, and ICU nurses were 
responsible for administering and monitoring the 
protocol. Outcome assessment relied on validated self-
report instruments (RCSQ and NRS), which minimized 
observer bias, but neither patients nor assessors were 
blinded to study condition.

Statistical Analysis
Pre-post differences were assessed with paired 

t-tests (unless otherwise stated). Normality of difference 
scores was checked using Shapiro–Wilk tests; 
approximate normality supported use of parametric 
tests. We report means with standard deviations (SD), 
mean differences with 95% confidence intervals, 
paired t-statistics and p-values, and conservative 
Cohen’s d effect sizes calculated using the pooled 
SD: d = (Mean_post − Mean_pre) / SD_pooled, 
where SD_pooled = √[(SD_pre² + SD_post²)/2]. For 
categorical pre-post changes (e.g., RCSQ category 
shifts), McNemar tests were used to formally assess 
whether observed category transitions were statistically 
significant beyond descriptive visualization. Missing 
data: none (all 152 completed). A significance level of  
α = 0.05 (two-tailed) was used. Data were analyzed 
using IBM SPSS Statistics 31.

RESULTS
A total of 152 adult patients were consecutively 

enrolled during the study period. Baseline characteristics 

https://docs.google.com/document/d/12kf-zkY05BH_ljWqA6MKMTEA3VVmkbkx/edit?usp=sharing&ouid=108039008778277263981&rtpof=true&sd=true
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are shown in Table 1. All 152 participants completed the 
full 3-night protocol (100% completion). Adherence was 
calculated as the proportion of scheduled components 
correctly delivered per patient across 3 nights (component 
checklist). Overall adherence was 94%. Component 
adherence (n = 152) included: eye mask 98%, earplug 
96%, music therapy 92%, aromatherapy 94%, lighting 
adjustment 95%, staff quiet hours 88%. No intervention-
related AE were recorded. Objective environmental 
monitoring in a subsample (n = 40) indicated reductions 
in bedside noise and light levels during intervention 
hours; however, quantitative logs were incomplete, so 
the results are presented descriptively.

Sleep quality, measured by the RCSQ, increased 
markedly after the intervention, while pain intensity, 
assessed with the NRS, decreased substantially (Table 2). 
Both outcomes demonstrated large effect size estimates, 
indicating potential benefit within this feasibility context. 
Confidence intervals for mean changes indicated the 
precision of these estimates. No null or negative results 
were observed, and no mediation or causal inference 
analyses were performed, as the study was designed to 
assess feasibility and preliminary effects only.

The clinical significance of these improvements is 
further illustrated in Table 3, which shows categorical 
shifts in outcome distributions. The proportion of patients 
reporting high sleep quality more than tripled, while 
the number experiencing mild pain nearly doubled. At 
the same time, the incidence of severe pain decreased 
significantly, demonstrating its clinical relevance within 
this feasibility context.

DISCUSSION
This single-center feasibility study demonstrates that 

a standardized multimodal environmental protocol can 
be implemented with high completion and adherence 
rates in an ICU setting and is associated with preliminary, 
clinically meaningful improvements in patient-reported 
sleep quality and reductions in pain intensity. Given the 
single-arm design, these results should be interpreted 
as preliminary associations rather than as evidence of 
effectiveness. These results are consistent with our initial 
expectation that the protocol would be feasible, acceptable, 
and associated with preliminary improvements in patient 
outcomes. The absence of AE and the 100% completion 
rate suggest that the intervention was well tolerated, 
indicating that the protocol may be suitable for integration 
into routine ICU care pending further evidence [23–25]. 
Importantly, the large effect sizes observed highlight 
the potential value of environmental interventions when 
structured into a combined protocol.

The novelty of this study lies in the systematic 
development and validation of a protocol that integrated 
earplugs, eye masks, music therapy, aromatherapy, 
noise reduction, and lighting adjustment into a single 
intervention. Previous research has generally examined 
individual non-pharmacological components in isolation, 
such as earplugs, eye masks, music, or noise reduction 
strategies, often reporting modest or inconsistent effects 
on sleep and pain-related outcomes [26–28]. While 
fragmented interventions address only single aspects 
of the ICU environment, this multimodal approach 

Table 1. Demographic and clinical characteristics of intensive care unit patients 
Variable Value %

Age, years, mean ± SD 56.2 ± 14.7
Sex

male, n (%) 89 58.6
female, n (%) 63 41.4

Diagnosis at admissiona

stroke 41 27.0
sepsis 33 21.7
cardiac disease 28 18.4
respiratory failure 25 16.4
others 25 16.4

Intensive care unit length of stay, days, mean ± SD 6.8 ± 2.5

Notes: a presented as mutually exclusive primary diagnoses assigned at intensive care unit admission. Percentages do not represent a single 
diagnostic category because the study population consisted of patients with diverse clinical conditions admitted to the intensive care unit.
SD – standard deviation.

Table 2. Changes in sleep quality and pain intensity before and after intervention

Outcome Pre-intervention 
(Mean ± SD)

Post-intervention 
(Mean ± SD) Mean difference 95% CI p-value Cohen’s d

RCSQ (sleep quality) 34.6 ± 11.3 51.8 ± 10.6 +17.2 15.46–18.94 <0.001 1.57
NRS (pain intensity) 4.7 ± 1.8 2.8 ± 1.3 –1.9 –2.15…–1.65 <0.001 1.21

Note: CI – confidence intervals; NRS – numeric rating scale; RCSQ – Richards-Campbell sleep questionnaire; SD – standard deviation.
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integrates multiple strategies. In this feasibility study, the 
combined protocol was associated with larger pre- and 
post-intervention changes, although synergistic effects 
cannot be confirmed within the context of a single-arm 
feasibility design [29–31].

The observed improvements could be related to 
reductions in environmental stressors such as noise 
and light, as well as sensory and relaxation effects of 
aromatherapy and music therapy. However, alternative 
explanations cannot be ruled out, including reassurance 
and increased staff engagement [26, 27]. These 
mechanisms align with previous international studies 
reporting improved sleep quality with earplugs and eye 
masks [11, 12] and reduced anxiety and pain with music 
therapy and lavender inhalation [27, 28, 32]. However, 
increased patient calming and staff attention may also 
have contributed.

Implementation fidelity was high: adherence 
exceeded 94% and no safety concerns reported. 
Minor barriers included occasional discomfort from 
earplugs or masks, which required reassurance from 
nurses. Overall, these results underscore the feasibility 
of integrating environmental modifications into 
ICU workflows as a non-invasive, low-cost adjunct 
to pharmacological management. Clinically, such 
interventions have the potential to influence broader 
patient outcomes, as suggested by previous literature 
[33, 34], although these aspects were not assessed in 
this feasibility study.

The intervention protocol demonstrated high 
feasibility and acceptability in this setting, suggesting 
its potential applicability to broader ICU environments 
pending further evaluation. Because the protocol 
consisted of simple, low-cost, and non-invasive 
environmental modifications, it could be readily 
adopted in a variety of healthcare settings, including 
hospitals in low- and middle-income countries where 
pharmacological options may be limited or carry greater 
risks. The high completion rate achieved without 
financial incentives underscores the relevance of these 
findings to real-world practice. Although the study was 
conducted in Type B hospital with a short follow-up 
period, the intervention components are universally 

applicable and can be easily integrated into ICU care 
packages worldwide. Future multicenter studies will be 
valuable to confirm these results and to guide global 
policy development in this area.

Limitations of the study
Key limitations include the single-center, single-

arm pre-post study design, short follow-up period (three 
nights), subjective outcome measures, and potential 
expectancy/observer bias as the intervention was 
administered by staff and patients were informed about 
it. Objective measures were included for a subsample 
but full objective sleep assessment (actigraphy/
polysomnography) and multicenter randomized 
controlled trials are recommended.

Directions for further research
Future studies should employ randomized 

controlled designs with appropriate control groups to 
strengthen causal inference regarding the intervention’s 
potential effectiveness. To complement self-reported 
outcomes, objective measurements, such as actigraphy, 
polysomnography, or physiological biomarkers should be 
included. Multicenter trials are recommended to enhance 
generalizability of results across diverse ICU environments 
and patient populations. In addition, longer-term follow-
up periods are needed to evaluate the sustained impact of 
environmental modifications on clinical recovery, delirium 
incidence, ICU length of stay, and post-discharge quality 
of life. Exploring cost-effectiveness and integration into 
standard ICU protocols may also provide valuable insights 
for broader implementation.

CONCLUSIONS
The validated multimodal environmental modification 

protocol demonstrated both feasibility and acceptability 
in this ICU study and was associated with significant 
improvements in patient-reported sleep quality (by 
17.2% in 3 nights) and reductions in pain intensity (by 
1.9% in 3 nights). These preliminary results support 
progression to larger randomized controlled trials with 
objective sleep measures and longer follow-up periods 
to evaluate potential effectiveness and generalizability.

Table 3. Categorical changes in sleep quality and pain intensity pre- and post-intervention
Outcome (category) Pre-intervention, n (%) Post-intervention, n (%) p-value

RCSQ (Sleep quality)
low (0–25) 46 (30.3) 17 (11.2)

<0.001moderate (26–50) 81 (53.3) 56 (36.8)
high (>50) 25 (16.4) 79 (52.0)

NRS (Pain intensity)
severe (7–10) 29 (19.1) 6 (3.9)

<0.001moderate (4–6) 86 (56.6) 45 (29.6)
mild (1–3) 37 (24.3) 101 (66.5)

Notes: p-values derived from McNemar tests assessing within-subject pre-post category changes.
NRS – numeric rating scale; RCSQ – Richards-Campbell sleep questionnaire.
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