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ARTICLE INFO ABSTRACT

Purpose: Delirium is a common dysfunction in the intensive care unit (ICU) and it is associated with negative
short- and long-term outcomes. This study evaluated the effectiveness of combined non-pharmacological inter-
ventions in preventing delirium in critically ill patients.
Materials and methods: This is a single-center randomized controlled trial conducted in three Brazilian ICUs from
February to September 2019. Patients assigned to the control group received standard care (n = 72) and those
assigned to the experimental group (n = 72) received a bundle of non-pharmacological interventions (periodic
reorientation, cognitive stimulation, correction of sensory deficits [visual or hearing impairment], environmental
management and sleep promotion) throughout the ICU stay. Delirium was monitored twice a day with the
Confusion Assessment Method for the Intensive Care Unit Flowsheet. The primary outcome was the incidence
density of delirium.
Results: The incidence density of delirium was lower in the intervention group (1.3 x 10~2 person-days) than in
the control group (2.3 x 10~2 person-days), with a hazard ratio of 0.40 (95% confidence intervals, 0.17-0.95;
p = 0.04) after adjustment for Simplified Acute Physiology Score III, surgical admission and alcoholism.
Conclusions: Combined non-pharmacological interventions reduced delirium in critically ill patients, compared to
standard care.
Trial registration: Brazilian Registry of Clinical Trials (ReBEC), Identifier RBR-6xq95s, October 03, 2018.

© 2022 Elsevier Inc. All rights reserved.
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1. Introduction

Critically ill patients are at high risk of developing delirium [1-3], a
common organ dysfunction in the intensive care unit (ICU). The occur-
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the short- and long-term, such as increased ICU mortality and length
of stay, and post-discharge neurocognitive impairment [4,5].

Given the absence of evidence to support the use of pharmacological
measures to prevent this dysfunction [2], the use of non-pharmacological
interventions is an important strategy that must be investigated.
Studies involving exclusively non-pharmacological interventions dem-
onstrate benefits in the prevention of delirium in ICU patients [6-12],
however most studies evaluated different strategies. Since delirium
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has a multifactorial basis, the clinical guidelines of the Society of Critical
Care Medicine suggest the use of combined non-pharmacological inter-
ventions for the prevention and reduction of delirium duration [2].

To our knowledge, only two randomized controlled trials (RCT)
have been published to evaluate the effect of a bundle of non-
pharmacological interventions in the prevention of delirium in the
ICU. Presenting discordant results, one was directed to a specific
population of critical patients [12] and the second was used only
in the first seven days of ICU admission [13].

This study aims to evaluate the effectiveness of the implementation
of combined non-pharmacological interventions in the prevention of
delirium in critically ill patients. Our hypothesis is that combined non-
pharmacological interventions prevent the occurrence of delirium in
critically ill patients when compared to the standard care offered in
the critical unit.

2. Materials and methods
2.1. Study design and participants

This is a randomized, controlled, parallel, and open clinical trial, con-
ducted in 3 ICUs of a large teaching hospital in Salvador, Brazil from Feb-
ruary to September 2019. The study protocol was registered in the
Brazilian Registry of Clinical Trials (ReBEC), identifier RBR-6xq95s. The
study met the CONSORT Statement for Randomized Trials of Non-
pharmacologic Treatments [14].

Patients over 18 years were included if their expected length of ICU
stay was greater than 48 h, with the Early Prediction Model for Delirium
in ICU Patients (E-PRE-DELIRIC) score [15] > 10%. This tool stratifies the
risk of developing delirium into four categories: very low (0-10%), low
(10-20%), moderate (20-35%), and high risk (> 35%) [15]. Those admit-
ted in a state of delirium, with receptive aphasia, severe hearing and/or
visual disturbances preventing adequate communication, advanced
cognitive impairment, and/or a score on the Richmond Agitation-
Sedation Scale (RASS) < —4 for over 24 h after initial screening evalua-
tion, were excluded, despite posterior neurological improvement. Pa-
tients were randomized within 24 h of admission to the ICU. The
screening process and the non-pharmacological intervention were per-
formed by a team of researchers, who were not part of the ICU staff.

2.2. Randomization and allocation

Randomization was performed in random blocks of 4, 6, and 8 par-
ticipants with the RStudio randomization system (Boston, MA, USA). Al-
location concealment was ensured by opaque envelopes, sequentially
numbered, and sealed. This process was carried out by a professional,
who was external to the research team. The envelopes were opened
only after they had been irreversibly assigned to the participants. There-
fore, the confidentiality of the participants’ allocation was guaranteed
until they were recruited and allocated to the study groups.

2.3. Procedures

Patients were randomly allocated in two groups. The control group
received standard care, with the intervention group receiving standard
care and a bundle of five combined non-pharmacological interventions:
periodic reorientation, cognitive stimulation, correction of sensory def-
icits, environmental management, and sleep promotion. The application
started within 24 h of ICU admission, after randomization, and applied
daily until ICU discharge. Each non-pharmacological intervention was
chosen to minimize potentially modifiable risk factors for delirium [1-
3], thus meeting the recommendations found in the current guideline
of the Society of Critical Care Medicine: cognitive stimulation, sleep pro-
motion and correction of visual and auditory deficits [2]. In addition, we
included the periodic reorientation and environmental management
components, since they have been investigated in previous studies
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with favorable results [11,16]. Researchers that were not members of
the ICU staff, visited the ICU twice a day to apply the intervention.

2.3.1. Periodic reorientation

Twice a day, the research team helped patients orient themselves to
the ICU environment, the multidisciplinary team, and the evolution of
their clinical condition. In addition, patients were asked about their
lives, work, family, leisure activities, and recent issues to stimulate
thinking, awareness of their identities, and short- and long-term mem-
ories. Photos, personal items, and a radio were requested from the fam-
ily and kept in the ICU to help with reorientation.

2.3.2. Cognitive stimulation

The research team performed seven different cognitive training ac-
tivities throughout the ICU stay: digit span, digit game, memory task,
block test, executive functioning, bells test, and difference searching
(Supplementary Appendix 1). They were organized in sets of three
(Supplementary Appendix 1), with six cognitive activities per day
(three in the morning and three in the afternoon). Cognitive training ac-
tivities in this trial are considered feasible for nursing staff use with crit-
ically ill patients, including those in delirium. They aimed to stimulate
different cognitive domains affected by this dysfunction: attention,
memory, and executive function [17].

A folder that was comprised of magazines, word search activities,
crossword and Sudoku puzzles, calculus, and painting, was distributed.
In cases of motor deficit, the family helped the patient to fill in the mag-
azines, encouraging engagement in all the activities. The researchers
also asked the families to bring more books and magazines with topics
of interest to the patients.

2.3.3. Correction of sensory deficits
The research team asked families for glasses and/or hearing aids for
those patients who previously used them.

2.34. Environmental management
This intervention consisted of installing a calendar and a clock in a
place that was easy for patients to see.

2.3.5. Sleep promotion
In order to promote sleep, the research team distributed eye masks
and earplugs. They also requested the ICU staff to avoid the period
from 10:00 pm to 6:00 am for scheduling elective procedures and ad-
ministration of oral, subcutaneous, and intramuscular medications;
however, the assistance team was responsible for patient compliance.
Several factors could interfere with full adherence to the bundle:

1. Except for environmental management, the bundle was only imple-
mented if patients were given RASS > —2 at each clinical evaluation
by the research team, as monitoring the intervention was not possi-
ble for patients with lower levels of consciousness.

. If the patient was on mechanical ventilation, only periodic reorienta-
tion, environmental management, and avoidance of late-night hours
for scheduling medication and elective procedures were applied, re-
suming other interventions (correction of sensory deficits and cogni-
tive stimulation) after withdrawal of this therapeutic support.

. The intervention could not be performed when the patient was out-
side of the ICU (e.g., surgical theater or radiology floor) or undergoing
medical examination. For these occasions, the team tried to execute
the bundle of measures at another time.

. The patient could refuse to participate in the intervention at any time
during the ICU stay. The research team was oriented to respect the
patient’s autonomy and register the lack of adherence during that
shift.

If patients in the intervention group did not adhere to all proposed
interventions, the issue was investigated and corrected. If the research
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team could not resolve the problem, the family was contacted to en-
courage patient compliance. Early mobilization and extended visits
were registered and counted for both trial groups.

Due to characteristics of the intervention bundle, it was not possible
to blind participants, research staff, and ICU care providers. Therefore,
aiming to limit biases, bundle interventions performed in the control
group by people outside the research team were counted.

2.4. Outcomes and follow-up

The primary outcome was the incidence density of delirium, which
is the ratio of patients in delirium to the number of person-days of expo-
sure. The number of person-days was obtained by adding individual
times elapsed from admission to the ICU, to the first episode of delirium
(for those patients presenting the outcome) or discharge from the ICU
(for patients not presenting the outcome). We also calculated the cumu-
lative incidence of delirium in the allocation groups. Delirium was de-
fined as a positive episode detected by the Confusion Assessment
Method for the Intensive Care Unit Flowsheet (CAM-ICU Flowsheet), a
tool with a sensitivity of 72.5% and specificity of 96.2%, already validated
in the Portuguese language [18]. The research team investigated the
presence of delirium once in the morning and afternoon shifts for
every patient with RASS > —3 after randomization, throughout the
ICU stay. The research team consisted of eight trained researchers who
were assigned shifts (morning or afternoon) during seven consecutive
days. In each shift, a single researcher applied the scale to patients in
the control group. In patients from the experimental group, the applica-
tion of the scale preceded the application of the intervention.

The predetermined secondary outcomes were incidence density of
delirium according to delirium subtype; overall duration of delirium
(in days and proportion of days with delirium); duration of delirium
by subtype; length of ICU and hospital stay; ICU mortality at 30 and
90 days; number of days on mechanical ventilation; days free of delir-
ium and coma; number of delirium episodes; delirium-free survival;
delirium-free days; reintubation; occurrence of falls; and accidental re-
moval of the devices. Patients with RASS of —4 or — 5 were classified as
being in a coma, regardless of the cause (sedation or illness).

Delirium subtypes were defined by the RASS scale in patients with
positive CAM-ICU, in accordance with the criteria of the Diagnostic
and Statistical Manual of Mental Disorders, 5th edition [19]. Hyperactive
delirium was diagnosed in patients with RASS from +1 to +4;
hypoactive delirium in those with RASS from —1 to —3; and mixed-
type delirium in patients with RASS at 0 or fluctuation between values
of hyperactive and hypoactive delirium in 24 h. Duration of delirium
was assessed by the total number of days with one episode of positive
CAM-ICU, from the patient's admission to the ICU until discharge. For
patients discharged from the hospital before 30 days after admission,
data on mortality at 30 and 90 days were found through telephone
contact.

Three variables were not prespecified in the protocol when the trial
was designed: persistent (>24 h) delirium, delirium severity and strat-
ified duration of intervention. The severity of delirium was assessed
using the Confusion Assessment Method for the ICU-7 Delirium Severity
Scale [20]. Due to variable adherence to the bundle during ICU stay (see
item 2.3. Procedures), the duration of each intervention was stratified
into three categories: equal to or greater than 50% of the ICU stay, less
than 50% of the ICU stay, or that an intervention was not performed.

The investigated outcomes were obtained from the medical record,
with the delirium monitoring form completed by the research team.

2.5. Statistical analysis

A pilot study was conducted to determine incidence of delirium to
calculate sample size. The result was a general cumulative incidence of
delirium at 43.15%. We estimated that with a sample of 140 patients
(70 in each group), the current study would have a power of 80% to
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detect a 50% reduction of delirium incidence in the intervention group
[10], at a two-sided alpha level of 5%. To consider a potential loss to
follow-up of 10%, the sample was increased to 160 patients (80 in
each group).

Enrolled patients were included in the intention-to-treat analysis.
Descriptive statistics (frequency and percentage, person-days, median
and interquartile range [IQR], mean and standard deviation [SD]) were
applied based on the characteristics of each variable. Normally distrib-
uted data were reported as mean + SD, while non-normally distributed
data were reported as median (IQR). Chi-square, Fisher Exact, and
Mann-Whitney U tests were used to determine whether baseline covar-
iates differed between allocation groups. The Chi-square and Fisher
Exact tests were also used to identify differences in the application of in-
terventions between allocation groups.

To compare the primary outcomes between the trial groups, univar-
iate and multivariate Cox Regression models were used, as well as to as-
sess the secondary outcome density of incidence of delirium by delirium
subtype. The robust Poisson regression model was used to compare the
cumulative incidence of delirium between the study groups.

To compare remaining secondary outcomes, univariate and multi-
variate linear regression and logistic regression were used. Adjustment
for covariates was made by identifying those with p < 0.20 in the uni-
variate analysis, and included them in the complete multivariate
model to check for potential confounders. Hazard ratio (HR), adjusted
hazard ratio (aHR), adjusted relative risk (aRR) and adjusted odds
ratio (aOR) were estimated with 95% confidence intervals (Cls). Time-
to-event was compared with the log-rank test and shown in Kaplan-
Meier curves. A post-hoc analysis of the association between duration
of interventions and density of incidence of delirium was performed
with the Cox univariate regression, as well as a sensitivity analysis ac-
cording to severity (patients under mechanical ventilation versus spon-
taneously breathing patients). Variables were not included in the
analysis if there were no episodes of delirium, regardless of the
intervention's duration in the ICU or if adherence was uniform (no cat-
egories of intervention duration could be created). A two-tailed signifi-
cance level of 5% was adopted for all analyses. Stata version 12 (Stata
Corp, College Station, TX, USA) was used for statistical analysis.

3. Results
3.1. Participants and adherence to the protocol

From February 15 to September 3, 2019, 1266 patients were admit-
ted to ICUs. Of these, 1106 were excluded (Fig. 1) and 160 patients were
enrolled. Sixteen patients were lost to follow-up (eight in each group),
while 144 patients were analyzed.

Patients' baseline characteristics were similar across groups, except
for the percentage of clinical admission that was higher in the control
group (97.2% versus 83.3%) and the percentage of arterial hypertension
(59.7% versus 76.4%) that was higher in the intervention group
(Table 1). The application of the five non-pharmacological interventions
in the bundle was significantly higher in the intervention group
(Table 2).

3.2. Primary outcome

The density of incidence of delirium was significantly lower in the
intervention group (1.34 x 1072 versus 2.29 x 10~2 person-days),
with a 60% lower risk of developing this dysfunction compared to the
control group (aHR, 0.40; 95% CI, 0.17-0.95; p = 0.04) after adjusting
for Simplified Acute Physiology Score III, surgical admission and alco-
holism. The cumulative incidence of delirium in the control group was
22.2% (n=16) and 12.5% (n = 9) in the intervention group, with statis-
tically significant difference between groups (aRR, 0.44; 95% (I,
0.21-0.91; p = 0.03), after adjustment for the same confounders
(Table 3).
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Fig. 1. Study Flow Chart.

3.3. Secondary outcomes

There were seven cases of hypoactive delirium and nine cases of
mixed delirium in the control group, while in the intervention
group there were seven cases of hypoactive delirium, one case of
mixed delirium, and one case of hyperactive delirium. There was no
difference in the incidence density and the duration of delirium sub-
types across groups, as well as other secondary outcomes shown in
Table 3, including duration of delirium in days, days of hospitaliza-
tion, mortality, and delirium-free survival (Fig. 2). There was no fall
in the sample and only two cases of reintubation in the control
group, and two cases of device removal (one in each group). Details
on the duration of delirium (proportion of days with delirium;
delirium-free days; persistent delirium [> 24 h]) are presented in
Supplementary Appendix 2 (Table S1).

Some interventions could not be performed during the ICU period of
admission (Materials and methods - 2.3. Procedures). Adherences to in-
terventions during the ICU stay are in Table S2 to S6 in the Supplemen-
tary Appendix 2. A post hoc analysis was made to identify an association
between duration of some interventions and the incidence density of
delirium (Table 4) — with a lower density of incidence of delirium in pa-
tients undergoing orientation, cognitive training, filing magazines and
using glasses for a period equal to or greater than 50% of the ICU stay,
when compared to those who adhered for a period of less than 50% of
time spent in the ICU. Regardless of the duration, there were no cases
of delirium in patients who used sleep promotion measures, hearing
aids, photographs, and bedside radios, as well as reading books and
magazines of general interest.
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The median SAPS3 score was significantly higher in the group of pa-
tients who performed cognitive training activities for less than 50% of
the length of stay in the ICU when compared to patients who performed
this intervention for a time equal to or greater than 50% (21.5 points
[IQR, 16-50] versus 10 points [IQR, 4-19] respectively; p = 0.016). No
statistically significant differences were observed between SAPS3 me-
dians regarding duration of interventions in the orientation component
(24 points [IQR, 16-50] versus 10.5 points [IQR, 5.5-26.5] respectively;
p = 0.066).

When performing a sensitivity analysis of the effect of the interven-
tion in patients under mechanical ventilation and spontaneously
breathing patients, a greater benefit from the bundle of interventions
was observed in spontaneously breathing patients (HR 0.13; 95% CI,
0.06-0.29; p = 0.000).

4. Discussion

In this randomized clinical trial conducted in three ICUs at a single
center, the implementation of a bundle of non-pharmacological mea-
sures significantly reduced the incidence of delirium in critically ill pa-
tients, compared to standard care.

Each of the non-pharmacological measures used in this RCT were
evaluated in other studies, also promoting a significant reduction in
the incidence and risk of developing delirium [11,12,16]. In one study
[13], the use of non-pharmacological intervention did not decrease de-
lirium incidence, however cognitive stimulation activities were not in-
cluded in the intervention.
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Table 1
Baseline characteristics of participants.

Characteristics Intervention  Control
Group Group
(N=172) (N = 72)
Age in years, median (IQR) 68.5 64.5
(62.0-78.0)  (57.0-75.5)
Age > 65 years, n (%) 46 (63.9) 36 (50.0)
Female sex, n (%) 36 (50.0) 41 (56.9)
Type of admission, n (%)
Clinic 60 (83.3) 70 (97.2)
Surgical 12 (16.7) 2(2.8)
Elective 9(75.0)
Emergency 3(25.0) 2(100.0)
E-PRE-DELIRIC, median (IQR) 17 17
(14.0-23.5)  (13.0-23.5)
SAPS 111, median (IQR) 11 (5.0-19.5) 9 (4.0-17.0)
Previous cognitive impairment, n (%) 9 (12.5) 9(12.5)
Alcoholism, n (%) 8(11.1) 5(6.9)
Smoking, n (%) 7(9.7) 9(12.5)
Systemic Arterial Hypertension, n (%) 55 (76.4) 43 (59.7)
Mechanical ventilation, n (%) 11(15.3) 12 (16.7)
Coma, n (%) 10(13.9) 12 (16.7)
Physical constraint, n (%) 14 (194) 17 (23.6)
Previous use of medications with anticholinergic 37 (51.4) 37 (514)
action, n (%)
Use of medications, n (%)
Vasopressors 19 (26.4) 12 (16.7)
Opioids 23 (31.9) 15 (20.8)
Parenteral sedation 12 (16.7) 15 (20.8)
Dexmedetomidine 2(2.8) 4(5.6)
Antipsychotics 6(8.3) 7(9.7)
Benzodiazepines 10(13.9) 17 (23.6)
Drugs with anticholinergic action 66 (91.7) 67 (93.1)
Use of blood components, n (%) 14 (194) 11 (15.3)
Early mobilization, n (%) 47 (65.3) 51(70.8)
Extended visit, n (%) 16 (22.2) 22 (30.6)

Abbreviations: E-PRE-DELIRIC - Early Prediction Model for Delirium in ICU Patients; IQR-
interquartile range; SAPS III - Simplified Acute Physiology Score III.

We did not find any difference between groups regarding the sec-
ondary outcomes. Low patient severity (defined by the low value
SAPS Il and low proportion of patients mechanically ventilated), small
number of delirium cases and small sample size may have contributed
to these results. We also did not recruit the patients who remained in
a coma (RASS — 4 or — 5) for more than 24 h after admission to the

Table 2
Description of implementing interventions.
Interventions Intervention Control p Value
Group Group
(N=72) (N=72)
Periodic reorientation, n (%)
Patient orientation 72 (100) 0
Photos at the bedside 5(6.9) 0
Radio at the bedside 4(5.6) 0
Personal objects at the bedside 14 (194) 10(13.9) 0.37
Cognitive stimulation n (%)
Filling in magazines with cognitive 28 (38.9) 0
activities
Cognitive training activities 72 (100) 0
Reading books and magazines brought 5 (6.9) 7 (9.7) 0.55
by the family
Correction of sensory deficits, n (%)’
Use of glasses 35 (100) 24 (72.7) 0.001
Use of hearing aid 6 (100) 5(55.6) 0.1
Sleep Promotion, n (%)
Use of eyes mask 20 (27.8) 1(1.4) <0.001
Use of earplugs 15 (20.8) 0
Environmental management, n (%)
Bed clock 72 (100) 30 (41.7) <0.001
Bed calendar 72 (100) 0

!In the intervention group, 35 patients had visual and 6 patients had hearing deficits. In
the control group, 33 patients had visual and 9 patients had hearing deficits.
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ICU, given the need to start interventions as early as possible, thus ex-
cluding a proportion of the most severe patients and with a higher
risk of developing this dysfunction [2]. However, it is worth mentioning
that one of the inclusion criteria in our study was an E-PRE-DELIRIC
score > 10%, a imed at eliminating patients at very low risk of developing
delirium.

The delirium duration in our study was short (2 days in each group),
another fact that could explain the absence of impact of our intervention
in mortality and days free of delirium and coma. This is also seen in rap-
idly reversible delirium (in which the condition resolves itself within
two hours of cessation of sedation) and in subsyndromic delirium
[21,22]. Patients with rapidly reversible delirium have shorter durations
of mechanical ventilation, ICU duration and overall hospital stay when
compared to patients with persistent delirium (in which the dysfunc-
tion remains after two hours of sedation interruption) [21], while
subsyndromic delirium is not associated with increased mortality [22].

We found an association between the duration of the intervention
throughout the ICU stay and a decrease of incidence, suggesting that pa-
tients should receive these interventions for the longest time possible
while receiving intensive care. However, we compared the severity of
the groups who receive the cognitive training activities for less than
50% of the time to those who received it for a longer period of time,
and the former were more severely ill than the latter. This finding
could indicate that the effect on the incidence of delirium may have
been influenced by the clinical severity of the patients. Since the appli-
cation of most of our interventions depended on the participants' col-
laboration, patients who were more severely ill, and therefore with a
higher risk of developing delirium, likely received the intervention for
a shorter time due to lack of collaboration.

In association with this finding, Fig. 2 suggests that non-
pharmacological interventions were more important in patients with
longer ICU stays. However, it is possible that this result occurred by
chance, due to the limited number of patients who remained after the
first seven days of admission in the ICU.

The greatest benefit of interventions in spontaneously breathing pa-
tients can be attributed to the smaller number of interventions that the
patients were submitted to while on mechanical ventilation (only peri-
odic reorientation, environmental management and avoidance of late-
night hours for scheduling medication and elective procedures), result-
ing in impact on the occurrence of delirium.

We also found low adherence to some of the components of the bun-
dle, such as filling magazines with cognitive activities, use of eye masks
and ear plugs, absence of photos, significant personal objects, radio and
books/magazines in beds. However, the adherence to those interven-
tions depended exclusively on patient/family cooperation. When
questioned, patients informed that they were not interested in these in-
terventions and/or family members justified that the patient's stay in
the ICU would be short, not providing these materials even after numer-
ous requests and explanation on the importance of these measures by
the research team.

There is also an important difference between the cumulative inci-
dence observed in the pilot study and the one found in the control
group in this RCT. This can be explained by the fact that in the pilot
study, which was carried out exclusively to determine the incidence of
delirium in the study setting, there were a greater number of critically
ill, sedated and mechanically ventilated patients, while in our RCT we
excluded those patients who remained with RASS < —4 for more than
24 h after admission to the ICUs.

We recognize some limitations in this study. First, the monitoring of
delirium was carried out exclusively by the research team; and due to
the fluctuating course of the dysfunction, underdiagnosis may have oc-
curred. Second, there was low adherence to some protocol measures,
which may have reduced the effectiveness of the intervention. Third,
eligibility criteria for this study excluded patients in a coma, who are
at a high risk of developing delirium [2] and could have benefited
from the prevention protocol. Fourth, this was a single center study.
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Table 3

Primary and Secondary Study Outcomes.
Outcomes Intervention Group Control Group Adjusted Difference Relative Effect of p Value

(N =72) (N =72) (95% CI1)! Intervention (95% CI)!?

Primary
Density of incidence of delirium, person-days 134 x 1072 2.29 x 1072 NA 0.40 (0.17 to 0.95) 0.04
Cumulative incidence of delirium, n (%) 9 (12.5) 16 (22.2) NA 0.44 (0.21 t0 0.91) 0.03
Secondary
Duration of delirium, days, median (IQR) 2 (1-3) 2(1-7.5) —0.01 (—0.39t0 0.41) NA 0.95
Density of incidence of delirium by subtype, person-days>
Hypoactive 1.06 x 1072 1.06 x 1072 0.66
Hyperactive 0.16 x 1072 0
Mixed 0.16 x 102 134 x 1072 0.55
Number of patients developing delirium by subtype, n (%)
Hypoactive 7(77.8) 7 (43.75)
Hyperactive 1(11.1) 0
Mixed 1(11.1) 9 (56.25)
Duration of delirium by subtype, days, mean (SD)>
Hypoactive 3(2.08) 2.57 (2.64) 0.49
Hyperactive 1 0
Mixed 1 5(4.12) 0.30
Days in the ICU, median (IQR) 4 (3-7.5) 5(3-7) —0.06 (—0.15 to 0.03) NA 0.20
Days in hospital, median (IQR) 12 (7.5-21.5) 13.5(7.5-22) —0.01 (—0.13t0 0.11) NA 0.84
Days on mechanical ventilation, median (IQR) 2(1-7) 8 (2-11.5) —0.15 (—0.68 to 0.37) NA 0.54
Days free from delirium/coma, median (IQR) 3(3-5) 4(3-5.5) —0.61 (—1.74t0 0.51) NA 0.28
Number of delirium episodes, median (IQR) 2 (1-4) 2(1-11) —1.20 (—6.13 t0 3.73) NA 0.61
Severity of delirium, median (IQR) 5.5 (4-6) 6 (4.35-7) —0.23 (—1.84to0 1.39) NA 0.77
ICU mortality, n (%) 6(8.3) 9 (12.5) NA 0.47 (0.14 to 1.55) 0.22
Mortality in 30 days, n (%) 13 (18.0) 13 (18.0) NA 0.93 (0.37 to 2.34) 0.88
Mortality in 90 days, n (%) 15 (20.8) 16 (22.2) NA 0.90 (0.38 t0 2.13) 0.81

Abbreviations: CI - confidence interval; ICU - intensive care unit; IQR - interquartile range; NA - not applicable; SD - standard deviation.

Delirium adjusted by Simplified Acute Physiology Score III, surgical admission and alcoholism.

2Hazard Ratio for density of incidence of delirium; Relative Risk for cumulative incidence of delirium; Odds Ratio for ICU mortality at 30 and 90 days.

3It was not possible to adjust potential confounders in analyzing the incidence and duration between delirium subtypes by allocation group: this was due to an insufficient sample.

Single-center clinical trials tend to overestimate the effects of an inter-
vention due to the generally small sample size to identify a true clinical
effect and the inclusion of a homogeneous population, among other fac-
tors [23]. Therefore, the generalization of results may be limited and the
performance of multicentric trials to confirm our findings is necessary.
Fifth, due to low incidence of delirium in our sample, it was not possible
to perform an appropriate analysis of its subtypes. Future studies with
larger sample sizes are needed to evaluate this specific research ques-
tion. Sixth, this study was not pragmatic and the investigated interven-
tions were applied exclusively by researchers (professionals external to
the health care providers in the ICUs), which limits the external validity
of the research and applicability in other scenarios. However, those in-
terventions were chosen in view of the simple and quick execution by
any health professional category in the ICU setting [16].
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Fig. 2. Delirium-free survival during ICU stay.

The strengths of our study include design of RCT, implementation of
multicomponent interventions throughout the participant's ICU hospi-
talization, analysis of the interventions in reducing the occurrence of
delirium, and monitoring important outcomes such as delirium severity
by allocation group. Our bundle of combined non-pharmacological
measures may have minimized cognitive decline in patients in the
intervention group, thereby reducing the occurrence of delirium.

Table 4
Analysis of association between duration of interventions and density of incidence of
delirium in the intervention group.

Duration of interventions Density of incidence Hazard ratio p Value
of delirium (95% CI)
Patient orientation’
<50% of the ICU stay 17.39 person-days Reference
> 50% of the ICU stay 1.47 person-days 0.09 (0.02t0 0.34) <0.001

Personal objects at the

bedside?

Intervention not 2.59 person-days Reference
performed

<50% of the ICU stay 0

> 50% of the ICU stay
Cognitive training
activities!
<50% of the ICU stay
> 50% of the ICU stay
Filling in magazines with
cognitive activities?
Intervention not performed 4.30 person-days
<50% of the ICU stay 1.23 person-days
> 50% of the ICU stay 0
Use of glasses
<50% of the ICU stay 2.51 person-days
> 50% of the ICU stay 0

4.65 person-days 1.98 (0.40t09.72) 0.40

Reference
0.07 (0.02 to 0.26)

17.85 person-days

1.19 person-days <0.001

Reference
0.26 (0.03 to 2.14) 0.21

Abbreviations: CI - confidence interval; ICU - intensive care unit.
'All patients in the intervention group underwent periodic reorientation and cognitive
training activities.
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The investigated interventions are accessible, low cost, and quick to
apply (ranging from 10 to 15 min), and can be easily incorporated
into the ICU's clinical practice, without increasing the workload of the
multi-professional team. In addition, none of these interventions have
the potential to cause harm or complications to the patients.

5. Conclusion

Combined non-pharmacological interventions were effective in sig-
nificantly reducing the incidence of delirium in critically ill patients,
compared to standard care. The longer the intervention was performed
during the ICU stay, the greater the decrease in incidence density of de-
lirium. However, this finding should be interpreted with caution since
patients with a shorter duration of intervention were also more severely
ill. Non-pharmacological interventions seem to have a greater benefit in
patients that had longer stays in the ICU, however this may be a chance
finding due to the small sample size with prolonged length of stay in the
ICU.
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