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Abstract

Background: delirium is a clinical syndrome associated with multiple short and long-term complications and therefore
prevention is an essential part of its management. This study was designed to assess the efficacy of multicomponent
intervention in delitium prevention.

Methods: a total of 287 hospitalised patients at intermediate or high risk of developing delirium were randomised to receive
a non-pharmacological intervention delivered by family members (144 patients) or standard management (143 patients). The
primary efficacy outcome was the occurrence of delirium at any time during the course of hospitalisation. Three validated
observers performed the event adjudication by using the confusion assessment method screening instrument.

Results: there were no significant differences in the baseline characteristics between the two groups. The primary outcome
occurred in 5.6% of the patients in the intervention group and in 13.3% of the patients in the control group (relative risk:
0.41; confidence interval: 0.19-0.92; P = 0.027).

Conclusion: the results of this study show that there is a benefit in the non-pharmacological prevention of delirium using
family members, when compared with standard management of patients at risk of developing this condition.
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Introduction What makes delirium important is not only its high oc-

currence rate among hospitalied patients but also its conse-
Delirium is a clinical syndrome characterised by an quences. The occurrence rate ranges from 6 to 56% [2, 3]
altered level of consciousness and cognitive disorders that i hospitalised patients. Its consequences include the contri-
develop over a short period of time (usually over hours  bution to increased morbidity and mortality, being cause of
or days) and tend to fluctuate during the course of the  distress to patients and their families and increased costs
day [1]. The etiology of this syndrome is often  [3]. An example of this is that the presence of delirium in
multifactorial. hospitalisation is an independent factor for mortality 1 year
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after discharge [4]. It is also associated with increased
length of hospital stay and institutionalisation. In economic
terms, there is an apparent increase in costs due to both
prolonged length of hospital stay and management of
secondary complications associated with the condition. In
the USA, costs attributable to delirium are estimated to be
USD$2500 per patient per hospitalisation [5].

Several studies have aimed at the prevention of delirium
using multidisciplinary strategies [5, 6], pharmacological, be-
havioral |7, 8] and environmental [5, 9]. Only a few of them
have been proven effective in reducing the overall incidence,
length or severity of delitium [5, 9-13]. A recent Cochrane
review aims to determine the interventions to prevent delir-
ium in hospitalised patients [13]. Studies suggesting multi-
component interventions have shown positive outcomes
[5], but a reduction in the incidence of acute confusional
syndromes in medical wards has yet to be proved in rando-
mised controlled trials. We designed our study prophylactic
environmental management of in-hospital delirium
(PEMID) to determine whether a non-pharmacological
intervention delivered by family members could reduce the
incidence of delirium, as compared with standard manage-
ment of elderly inpatients at intermediate or high risk
of developing this condition during the course of
hospitalisation.

Patients and methods

Study design

PEMID is a single-blind randomised controlled clinical trial
designed to assess the efficacy of a multicomponent man-
agement protocol, in contrast to standard management, in
preventing delirium in patients who have been hospitalised
for a general medical disease.

Patients

Eligible patients were older adults hospitalised in the intern-
al medicine ward of the Hospital Naval Almirante Nef
from September 2009 to June 2010. We considered for in-
clusion all patients at risk for delirium on the basis of the
presence of at least one risk factor from a clinical prediction
rule [14]. Briefly, risk factors considered included being
>70 years, previous history of cognitive impairment docu-
mented in patient medical record with a score on the
Minimental State Examination <24 prior to hospitalisation,
alcoholism or metabolic imbalances' at the moment of
admission.

We excluded any patients with delirium on hospital
admission (prevalent delirium), those who did not have
family support according to the observer evaluation, who
refused consent, admitted to a ward other than general

!Metabolic imbalances: serum sodium >145 or <135 mEq/], serum
potassium >4.5 mEq/] or <3.5 mEq/], glycaemia <60mg/dl or >200 mg/dL
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internal medicine and those placed in a room with more
than two beds to prevent interference with the non-
pharmacological intervention.

Procedures

Full informed consent was obtained from all patients or
patient’s legally authorised representatives prior to random-
isation. Patients were randomised using computer-generated
random numbers. Investigators were kept unaware of the
randomisation process, which was performed by a statisti-
cian who was not involved in data collection.

For each patient the following data were obtained from
medical records at admission: age, gender, diagnosis upon
admittance, comorbidities measured using the Charlson co-
morbidity index [15], laboratory tests performed at admis-
sion (plasma electrolytes, haematocrit, haemoglobin, serum
creatinine, urea, serum C-reactive protein levels and white
blood cell count) and ability to cope with basic activities of
daily living estimated by the Barthel index [16, 17], which in
turn was calculated on the basis of the history provided by
a family member having lived with the patient during the
last 2 weeks prior to hospital admission (see Figure 2).

The non-pharmacological intervention was performed
thoroughly by patient’s family members to avoid health-care
personnel education. The intervention consisted of follow-
ing six elements:

(i) Education: the observers conducted brief interviews
with each patient’s family members, in which the main
aspects regarding the clinical features and prognostic
implications of acute confusional syndromes were
explained. These interviews lasted no more than 10
min overall and were accompanied by a specially
designed pamphlet.

(i) Provision of a clock (analogue or digital as required by
the patient) and calendar in the room.

(iif) Avoidance of sensory deprivation (glasses, denture and
hearing aids must be available as needed).

(iv) Presence of familiar objects in the room (photographs,
cushions and radio).

(v) Reorientation of patient provided by family members
(current date and time, recent events).

(vi) Extended visitation times (5 h daily).

The specific treatment for delirium was undertaken by
the attending physician. None of the researchers interfered
in his therapeutic actions.

Outcomes

Patients included in the study were visited on a daily basis
to assess the presence of delitium by the confusion assess-
ment method (CAM) tool [18-20]. The selection of CAM
was based on its excellent diagnostic capabilities, ease of
use and high interobserver reliability [4, 20]. The date of
onset of the first episode, total number of days with delir-
fum, evaluation of compliance with the intervention using a
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form designed for this purpose and discharge date or trans-
fer to another unit were recorded. Visits were made by
three previously trained independent observers who wvali-
dated each other to the application of CAM by means of
Fleiss’ kappa statistic (K= 1).

The primary efficacy outcome was defined as the pres-
ence of delirium at any time during the course of hospital-
isation, diagnosed by one of the independent observers
using the CAM tool, in any of its different subtypes:
hypoactive, hyperactive and mixed. The secondary outcome
of interest was the incidence of falls during hospital stay
and complications derived from them (fractures, transfers
of patients to intensive care units).

Statistical analysis

A minimum sample size of 226 patients was calculated
(113 per group) to demonstrate a reduction of 15% in the
incidence of delirium in patients undergoing prevention
through multicomponent measures, assuming an incidence
of 25% and a statistical power of 80% with standard levels
of significance (0.05). All data were analysed on an
intention-to-treat basis.

First, descriptive statistics tests were performed to assess
the characteristics of the study population. The Fisher’s
exact test was used to evaluate bivariate association of
categorical variables. Quantitative variables were compated
using Mann—Whitney or Student’s /tests according to data
distribution characteristics and variances, which were tested
by the Kolmogorov—Smirnov and Levéne tests, respectively.
Kaplan—Meier curves compared with the log-rank tests
were used to evaluate the primary outcome. The analysis
was performed by a statistician who was unaware of the
clinical evaluation process of patients using Stata v10.0®
(StataCorp, 1996-2011). The ethics committee of Naval
Hospital Almirante Nef approved this study, which is regis-
tered at ClinicalTrials.gov. Its registry number is NCT:
01356810.

Results

Patients were recruited from 15 September 2009 to 30 May
2010, and the follow-up was continued until hospital dis-
charge of the last patient in the study group. Out of the total
of 1285 eligible patients in this period of time, 294 did not
meet the inclusion criteria and 704 wete excluded. The main
reasons for exclusion are detailed in Figure 1. Out of the
287 patients who finally underwent the randomisation
process, 144 were enrolled in the treatment group and 143
in the control group. Thirteen patients were lost to follow-
up, 4 in the treatment group and 9 in the control group.

The study sample consisted mainly of female patients
(62.7%) with a mean age of 78.2 % 6.2 years. The median
Barthel index was 95 points (interquartile range, IQR: 85—
100), while the median Chatlson comorbidity index was 2
(IQR: 1-3) points. The most common comorbidities were
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heart failure (29.1%), chronic obstructive pulmonary
disease (21.7%) and any form of cancer (17%). Previous
history of mild cognitive impairment was found in 8.1% of
patients, while prior dementia, in any of its forms, was
present in 5.9% of patients. A history of delirium in a pre-
vious hospitalisation was found in 3.9% of the included
patients. Patients were well balanced with respect to all their
characteristics, as shown in Table 1.

Effectiveness

Twenty-seven cases of incident delirium were identified
during the observation period. Mixed delitium was the
most common subtype, as it was found in 11 (41%) cases.
Hypoactive delirium was observed in 10 (37%) cases, and
the hyperactive subtype in 6 (22%) cases. The median dur-
ation of delirium was 2 days overall (IQR: 1-5 days), and
thete were no significant differences between both groups
(P=0.34, Mann—Whitney U-test). In the group assigned to
receive the multicomponent intervention, delirium devel-
oped in 8 (5.6%) cases, while control group had 19
(13.3%) episodes. These differences were found to be stat-
istically significant, with a relative risk (RR) of 0.41 for
delitium (95% confidence interval: 0.19-0.92, P =0.027)
and an RR reduction of developing delirium of 59%. These
differences remained significant when analysed with the
log-rank test (P = 0.008; Figure 2). In absolute terms, risk
reduction was 7.78% and the number needed to treat
(NNT) was 13. No significant differences in the median
length of hospitalisation were seen (P=0.36). All relevant
outcomes are shown in Table 2.

Four falls were reported during follow-up, all of which
occurred in the control group (P = 0.06). One patient had a
fall-related fracture and during the study period no patient
needed to be transferred, as a result from fall, to more
complex care units.

Discussion

This study shows the benefits of a non-pharmacological pre-
ventive strategy of delirium in patients at intermediate or high
risk for this condition, hospitalised in an internal medicine
ward. Our current study supports the research conducted by
Inouye in 1999 [5], which also demonstrated that a multicom-
ponent intervention reduces the development of delirium in
a similar magnitude than that in this trial. The most import-
ant difference in outcomes was a moderate tendency towards
a delayed onset of delirium in our study, which could also be
a consequence of the non-pharmacological intervention.
Under the same viewpoint, additional important evidence
that should be considered comes from trials that have
shown a reduction in severity and duration of delirium epi-
sodes [11, 12]. This further enforces the idea that multicom-
ponent interventions influence the development of delirium;
however, no important changes in its incidence amongst the
above-mentioned studies were seen.
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1285 patients assessed for elegibility

294 did not fulfill inclusion criteria
434 not hospitalized in a general Ward
181 hospitalized in room for >2 patients

23 Family members unavailable

11 Declined to participate
6 Safety reasons
15 Delirium at initial visit

34 Not Randomized / Earthquake

287 patients randomized

143 allocated to

standard care

143 received standard care

9 losses of follow -up

143 analyzed

Figure 1. CONSORT flow diagram.

It should be considered that most studies using non-
pharmacological interventions [5, 8-12] have employed
trained clinical personnel, which is an important difference
from our trial. This encourages the widespread application
of these preventive measutements due to the fact that only
a brief family education session was required amongst the
interventional arm; thus making it easily applicable and
affordable by most health-care providers.

The incidence of dementia was low [21], roughly affect-
ing 6% of the included patients, as was the prescription of
high-risk medications during the hospital stay, present in
just about the same proportion (5%). Both these findings
are surprising, considering the important role that they play
as predisposing and triggering factors of delirium, respect-
ively, and should be kept in mind when analysing results.
There are many reasons that could explain this, the first
one being the fact that patients with prevalent delirium
wete excluded from the protocol. We hypothesise that
patients with dementia or with a medication-induced
episode of delitium could have presented to the emergency
room already in delirium, and thus excluded from this trial.
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1

144 allocated to

multicomponent intervention

144 received the multicomponent
intervention

4 losses of follow-up

144 analyzed

A second reason is related to internal policies of the study
centre. Patients with moderate to advanced stages of de-
mentia are usually admitted to special care wards, which are
four-bed rooms unsuitable for the proper comparison of
our non-pharmacological intervention. Another possibility
could be linked to the fact that the diagnosis of dementia
was solely based on a chart review. Observers did not diag-
nose cognitive impairment because of the acute processes
involved in the hospitalisation.

An additional factor that could have been considered a
potential confounder is the use of prophylactic antipsycho-
tics during the hospital stay, a practice that is exceedingly
rate at the study centre. Most of the available evidence that
could be used for a recommendation in prescribing antipsy-
chotics comes from surgical scenarios, namely the elderly
patient with a hip fracture or joint replacement surgery [22,
23] However, a reduction in incident delitium in eldetly
medical inpatients has yet to be proved, due to the insuffi-
cient research that has been conducted in this scenario [13].

The non-significant reduction in the incidence of falls is
most likely due to insufficient statistical power to assess this
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Table |. Bascline characteristics of the patients

Characteristic Control Intervention  P-value

group group

(n=143) (n=144)
Mean age (years) (SD) 78.316.1 781163 0.74
Male gender, no. (%) 96 (67) 84 (58) 0.16
Barthel index, median (IQR) 95 (85-100) 95 (85-100)  0.88
Comorbidities”

Charlson comorbidity index, 2 (1-3) 2 (1-4) 0.45
median (IQR)

Cancer, no. (%) 28 (19.6) 23 (15.9) 0.44
Metastatic Cancer, no. (%) 6 (4.2) 3(2.1) 0.33
Heart failure, no. (o) 29 (27.3) 44 (30.6) 0.60
Chronic obstructive pulmonary 28 (19.6) 34 (23.6) 0.47
disease, no. (%)

Chronic kidney disease, no. (%) 22 (15.4) 18 (12.5) 0.42
Acute myocardial infarction, no. 11 (7.7) 15 (10.4) 0.41
)

Mild cognitive impairment, no. (%) 14 (9.8) 9 (6.3) 0.28
Dementia, no. (%) 8 (5.0) 9 (6.3) 1
Diabetes mellitus with end-organ 11 (7.0) 13 (9) 0.83

damage, no. (%)

Peripheral vascular disease, no. (%) 7 (4.9) 11 (7.6) 0.34
Previous delirium, no. (%) 3(2.1) 8 (5.5) 0.22
Mild liver disease, no. (%) 6 (4.2) 4 (2.8) 0.54
Severe liver disease, no. (%) 2 (1.4) 321 1
Mesenchymopathies, no. (%) 321 7 (4.9) 0.34
Peptic ulcer disease, no. (%) 2(1.4 8 (5.5) 0.10
Lymphoma, no. (%o) 1(0.7) 1(0.7) 1
Leukaemia, no. (%) 0 (0) 1(0.7) 0.5
Hemiplegia, no. (%) 0 (0) 0 (0) -
Acquired immunodeficiency 0 (0) 0 (0) -
syndrome, no. (%)

Laboratory
Serum sodium (mEq/1) (SD) 1365 137+ 4 0.34
Hyponatremia, no. (%) 29 (20.3) 26 (18) 0.64
Serum potassium (mEq/1) (SD) 42+0.7 427%0.6 0.95
Serum creatinine (mEq/1) (SD) 14+1.1 13+1 0.42
Uremia (mg/dl) (SD) 52138 48142 0.45
Haemoglobin (g/dl) (SD) 12+22 121+0.7 0.61

11.7+19.8 159 +30.7 0.22
9.580 £4.570 9.820 £4.185 0.67

C reactive protein (mg/1) (SD)
White cell count (cells/mm”)

Medications
Patients started on risky 7 (4.9) 8 (5.5) 0.80
medications, no. (%)
Benzodiazepines, no. (%) 4 (2.8) 5(3.5) 0.75
Antihistamines, no. (%) 0 (0) 2 (1.4 0.25
Anticholinergics, no. (%) 2 (1.4 1(0.7) 1
Opioids, no. (%) 1(0.7) 0 (0) 1

SD, standard deviation.
*As defined in the Charlson comorbidity index.

outcome, given that the sample size was not conceived to
detect differences in a complication considerably less fre-
quent than delirium. Further studies should be done on the
potential association between reduction in falls and imple-
mented multicomponent interventions, because this is also a
highly relevant complication to the hospitalised patient.

The strengths of this study include: daily assessment of
patients with a validated instrument (CAM), validated
observers, the fact that it is a randomised controlled study
and that this intervention involves no costs in terms of
money or increased health risks.

Preventing delirium in an acute hospital

o Cumulative Incidence of Delirium by Study Group

0.30

Patients with Delirium (%)
0.10

log-rank p<0.01

0 5 10 15
Hospital Stay (Days)

| ————— Control Group Intervention Group |

Figure 2. Time-to-event curves of the studied patients.

Table 2. Study outcomes

Outcome Control Intervention  P-value

group group
(n=143)  (n=144)

Incident delitium, no. (%) 19 (13.3) 8 (5.0) 0.027
Mixed delitium, no. (%) 9 (6.3) 2 (1.4
Hypoactive delirium no. (%) 8 (5.6) 2(1.4
Hyperactive delirium, no. (%) 2 (1.4 4 (2.8)
Median delirium duration (days) IQR) 3 (1-5) 2 (1-2) 0.37
Falls, no. (%) 4 (2.8) 0 (0) 0.06
Median hospital stay (days) (IQR) 9 (5-12) 9 (6-13) 0.36

There are some limitations that must be considered.
Although this is a randomised controlled trial, family
members of the patients in the control group were allowed
to implement certain measures that could influence delir-
ium development (daily visits, provision of otientation
objects, sensory support equipment, etc.). The incidence of
delirium was lower than expected, a fact that is most likely
related to this phenomenon. This could have made our
statistical power insufficient to detect differences between
groups, but the protective effects of the intervention
remained significant. It should also be considered that the
generation of randomisation sequences by means other
than patient inclusion, such as ward location or room
number, would have been an inappropriate way to achieve
true random allocation.

Simple data masking was another major limitation. The
event adjudicants were aware of treatment assignment,
which has obvious implications when analysing conclusions.
Nevertheless, masking adjudicants would have meant
moving patients out of the multicomponent intervention
place, which in turn would have interfered with the appro-
priate interpretation of the study outcomes.

Another factor to be considered is the small number of
patients per room [2] where the research was made. This
reality is hard to find in other hospitals. Although the inter-
vention was simple enough to be cartied out solely by
family members, it should be highlighted that cooperation
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from their part was obviously required, making proper
motivation an important aspect to consider. In our trial,
this was achieved through the educational interview that
was conducted in the interventional arm, but further
strategies should be researched in the future in order to
improve this method of prevention.

Conclusions

Our non-pharmacological intervention carried out by
family members reduced the risk of developing delirium in
patients in general medicine wards. The observed NNT of
13 makes it absolutely applicable with tangible benefits. The
application of this kind of intervention seems to be cost-
effective and could improve prognosis of hospitalised older
patients.

Key points

* Delirium is a common neutropsychiatric syndrome that is

most frequently seen in elderly patients.

* It has been associated with increased morbidity and

mortality, functional impairment, cognitive decline and
increased health-care costs.

¢ In this study, a multicomponent intervention delivered by

family members significantly reduced the incidence of
delirium in a group of elderly medical inpatients.
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