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(57) ABSTRACT

There is provided a system (100) for assessing delirium in a
subject. The system includes a neural activity assessment
module (102) for assessing neural activity data associated
with the subject. The system also includes a delirium cause
assessment module (104) for assessing data relating to at
least one factor of a plurality of factors which contribute to
the cause of delirium. The system also includes an interven-
tion determination module (106) for determining, based on
the assessment performed by the delirium cause assessment
module, at least one intervention for reducing the contribu-
tion made by the at least one factor. A computer-imple-
mented method and an apparatus are also disclosed.
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ASSESSING DELIRIUM IN A SUBJECT

CROSS-REFERENCE TO PRIOR
APPLICATIONS

[0001] This application claims the benefit of Furopean
Patent Application No. 17178492.9, filed on 28 Jun. 2017.
This application is hereby incorporated by reference herein.

TECHNICAL FIELD OF THE INVENTION

[0002] The invention relates to assessing delirium in a
subject and, more particularly, to assessing delirium in a
subject and determining an intervention.

BACKGROUND TO THE INVENTION

[0003] Delirium is a disturbance in a person’s mental
abilities that leads to confused thinking and reduced aware-
ness of the person’s environment. Onset of delirium can
occur within hours or a few days, and is often caused by a
medical illness, a change in a person’s metabolic balance,
medication, infection, surgery, or withdrawal from alcohol
or drugs.

[0004] People suffering from delirium often suffer mul-
tiple symptoms, such as hallucinations, restlessness, agita-
tion, calling out, becoming quiet or withdrawn, lethargy and
disturbed sleep.

[0005] Hospital patients, particularly those who have been
admitted to an intensive care unit (ICU), are prone to
suffering from delirium, and many ICU patients exhibit
signs of suffering from delirium before they arrive at the
ICU. Some people are at higher risk of developing symp-
toms of delirium. For example, older people, people who
have been diagnosed with dementia, depression or alcohol-
ism, people with a history of sight loss or hearing loss,
people with impaired mobility, and people who have a
history of changing mental status are at greater risk of
suffering from delirium. In some cases, a trigger event, or a
series of events may lead to a person becoming delirious.

[0006] Undetected or unmanaged delirium can lead to
increased morbidity, increased length of stay in a hospital,
the development of dementia, an increased risk of falling
and, as a consequence of these, significantly increased
patient costs.

[0007] In currently-used approaches, trained medical pro-
fessionals often observe a patient over a period of time, and
interview the patient to establish their mental state, then
decide whether or not the patient is showing signs of
suffering from delirium. The medical professional may
observe the patient’s symptoms over time to assist with their
diagnosis. However, many of the symptoms of delirium are
also symptoms of other health issues and, therefore, a patient
exhibiting symptoms associated with delirium might not
actually be suffering from delirium but, rather, might be
suffering from separate illnesses.

[0008] Therefore, it would be desirable to have a means
for accurately assessing delirium in a person and, if the
person has delirium, then reducing the symptoms and the
risk that the delirium will develop further.

SUMMARY OF THE INVENTION

[0009] Existing methods of assessing delirium and symp-
toms of delirium in a person rely on a subjective assessment
based on human observations and interviews where a person
provides their view of how they are feeling. In order to
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accurately determine whether a person is suffering from
delirium, which factor or factors are causing the delirium,
and how the delirium might be treated, it would be useful to
have a system which performs an objective assessment and
provides an accurate assessment of the factors contributing
to the delirium.

[0010] According to a first aspect, the present invention
provides a system for assessing delirium in a subject. The
system comprises a neural activity assessment module for
assessing neural activity data associated with the subject; a
delirium cause assessment module for assessing data relat-
ing to at least one factor of a plurality of factors which
contribute to the cause of delirium; and an intervention
determination module for determining, based on the assess-
ment performed by the delirium cause assessment module,
at least one intervention for reducing the contribution made
by the at least one factor.

[0011] By using neural activity data to assess whether or
not the subject is suffering from delirium, an accurate
assessment can be made, and a proactive decision can be
made as to whether to provide an intervention. Thus, the
assessment is objective. Furthermore, the assessment can be
made relatively quickly, and in real time. In other existing
systems, a prolonged subjective assessment of the subject
may be required before it can be determined whether or not
the subject is suffering from delirium. If is it determined that
the subject is not suffering from delirium, then preventative
measures can be taken to reduce the risk of developing
delirium in the future, as assessment of data relating to the
contributory factors will provide an indication of the factors
most likely to lead to the onset of delirium.

[0012] Since one or more contributory factors are
assessed, it is possible to determine the likely cause, or
contributing factors of the cause of delirium. In this way, any
interventions can be targeted to the relevant contributing
factor. Furthermore, interventions may be selected which do
not cause other medical problems. Thus, the interventions
can be personalised to the subject, and are intended to deal
with specific factors that cause delirium.

[0013] Insome embodiments, the neural activity data may
comprise data acquired using electroencephalogram (EEG)
measurements of the subject’s brain. EEG measurements are
accurate and, therefore, an accurate assessment of whether
or not the subject is suffering from delirium can be made.
[0014] The plurality of factors may comprise: a likelihood
that the subject will develop an infection; a measure of pain
suffered by the subject; a measure of a quality of sleep
experienced by the subject; a likelihood that medication
being taken by the subject will cause delirium; and a
measure associated with the subject’s environment. In some
embodiments, the delirium cause assessment module may
assess data relating to all of these factors. By combining the
assessment of data all of the factors of the plurality of
factors, a better understanding of the causes of the delirium
can be achieved and, as a result, a more effective determi-
nation of the interventions needed to reduce the contribu-
tions, or to alleviate the symptoms of delirium for the
subject, can be made.

[0015] The likelihood that the subject will develop an
infection may, in some embodiments, be determined based
a measure of the subject’s core body temperature and a
measure of the subject’s haematocrit levels. By using tech-
nical data such as this, the assessment can be accurate, and
the determination of the infection risk can be more objective.
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[0016] Insome embodiments, the measure of pain may be
determined based at least on the neural activity data. The
measure of pain may be determined further based on at least
one of acquired respiratory data of the subject and acquired
heart rate data of the subject.

[0017] Using technical data obtained using medical mea-
surement techniques such as these means that the measure of
pain suffered by the subject can be accurately and objec-
tively determined, rather than the subjective view that might
be obtained by asking the subject to provide their opinion of
the level of pain they are suffering.

[0018] The likelihood of the subject’s medication causing
delirium may, in some embodiments, be determined based
on an assessment of a plurality of other subjects, each of the
plurality of other subjects having a medical profile similar to
a medical profile of the subject.

[0019] Insome embodiments, the measure of the subject’s
environment may be acquired using audio capturing equip-
ment and image capturing equipment to capture data relating
to at least one of: illumination levels in the subject’s
environment, noise levels in the subject’s environment and
numbers of people visiting the subject. Using these non-
invasive measurement techniques means that the environ-
ment can be monitored continuously and objectively, and
suitable interventions can be applied easily, if desired.
[0020] A weight may be applied to at least one of the
plurality of factors, the weight of a given factor being based
on the contribution of the given factor to the cause of
delirium for the subject. By weighting the factors according
to importance, or according to their relative contribution to
the cause of delirium, the overall risk of the subject devel-
oping delirium can be more relevant.

[0021] The delirium cause assessment module may, in
some embodiments, be configured to assess data relating to
a plurality of factors which contribute to the cause of
delirium. The delirium cause assessment module may be
configured to determine a delirium risk for the subject based
on a combination of the data relating to the plurality if
factors. As noted above, by combining data of multiple
factors, a more accurate assessment of the delirium risk can
be achieved and, consequently, a more effective set of
interventions may be determined, targeting those factors that
contribute the most towards the delirium.

[0022] In some embodiments, the intervention determina-
tion module may be configured to determine the at least one
intervention further based on health record data associated
with the subject. The intervention determination module
may be configured to determine at least one intervention for
reducing the contribution made by one of the plurality of
factors, wherein the at least one intervention does not
increase the contribution made by any other of the plurality
of factors. Selecting interventions in this way means that the
treatment to be provided to the subject may be targeted and
aimed at alleviating symptoms of particular contributory
factors. Interventions can be selected with do not cause other
health problems, contribute to the cause of delirium in some
other way.

[0023] According to a second aspect, the present invention
provides a computer-implemented method for assessing
delirium in a subject. The method comprises acquiring
neural activity data for the subject; determining whether the
acquired neural activity is indicative that the subject is
suffering from delirium; acquiring data relating to at least
one factor of a plurality of factors which contribute to the
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cause of delirium; and determining, based on the acquired
data relating to the at least one factor, at least one interven-
tion for reducing the contribution made by the at least one
factor.

[0024] In some embodiments, the computer-implemented
method may further comprise indicating the determined at
least one intervention to a medical professional.

[0025] According to a third aspect, the present invention
provides an apparatus for assessing delirium in a subject.
The apparatus comprises a memory comprising instruction
data representing a set of instructions; and a processor
configured to communicate with the memory and to execute
the set of instructions, wherein the set of instructions, when
executed by the processor, cause the processor to: receive
neural activity data for the subject; determine whether the
received neural activity is indicative that the subject is
suffering from delirium; receive data relating to at least one
factor of a plurality of factors which contribute to the cause
of delirium; and determine, based on the received data
relating to the at least one factor, at least one intervention for
reducing the contribution made by the at least one factor.
[0026] Other advantageous features will become apparent
from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] For a better understanding of the invention, and to
show more clearly how it may be carried into effect,
reference will now be made, by way of example only, to the
accompanying drawings, in which:

[0028] FIG. 1 is a schematic illustration of an example of
a system for assessing delirium in a subject, according to
embodiments of the invention;

[0029] FIG. 2 is a schematic illustration of an example of
a first module of the system of FIG. 1;

[0030] FIG. 3 is a schematic illustration of an example of
a second module of the system of FIG. 1,

[0031] FIG. 4 is a flowchart of an example of a method of
for assessing delirium in a subject, according to embodi-
ments of the invention;

[0032] FIG. 5 is a flowchart of a further example of a
method of for assessing delirium in a subject, according to
embodiments of the invention; and

[0033] FIG. 6 is a schematic illustration of an example of
an apparatus for assessing delirium in a subject.

DETAILED DESCRIPTION OF EMBODIMENTS

[0034] The present disclosure provides an improved sys-
tem for assessing delirium in a subject. The term “subject”,
in the context of this disclosure may be considered to be any
person. The subject does not need to be located in a medical
environment, such as in a hospital; however, the system may
be implemented within a medical institution, and subjects
located in such a medical institution may be referred to as
patients.

[0035] A subject may be assessed initially using brain
monitoring techniques, such as electroencephalography
(EEG). Electroencephalography is a monitoring method
which records electrical activity of the brain, using elec-
trodes placed on the subject’s scalp. Some EEG signals can
be representative of delirium characteristics and, therefore,
analysis of the EEG readings can be used to determine
whether or not the subject is suffering from delirium. More
specifically, a relative power of a particularly frequency
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band in the EEG output, known as the theta frequency band,
may be significantly different in a subject suffering from
delirium than in a subject who is not suffering from delirium.
EEG readings of a subject may also be used to determine if
the subject is suffering from early stages of delirium.

[0036] A subject may be monitored using EEG when there
is a suspicion that they are suffering from, or likely to suffer
from, delirium. For example, a subject who is admitted to
hospital, or a subject (i.e. a patient) who is being treated in
an intensive care unit (ICU) of a hospital, may be monitored
using EEG, as such subjects may be at higher risk of
suffering from delirium. If, from EEG readings of a subject’s
brain activity, it is determined that the subject is already
suffering from delirium, then action may be taken to manage
the delirium, and prevent symptoms from becoming worse.
If, however, it is determined from the EEG readings that the
subject is not suffering from delirium, then the subject may
be monitored continuously, or repeatedly (e.g. periodically)
to detect any onset of delirium, and action may be taken to
reduce the likelihood that the subject will suffer an episode
of delirium.

[0037] Embodiments of the invention disclosed herein
relate to systems, apparatus and methods for assessing
delirium, which may make use of data obtained from EEG
readings of a subject.

[0038] Referring to the drawings, FIG. 1 shows, schemati-
cally, an example of a system 100 for assessing delirium in
a subject. The system 100 comprises a neural activity
assessment module 102 for assessing neural activity data
associated with the subject. The neural activity data may be
acquired in real time, for example from EEG sensors posi-
tioned on the subject’s head, such that real time neural
activity data may be acquired and analysed. Alternatively,
the neural activity data may be obtained from a storage
medium (e.g. a database) containing previously-recorded
(preferably recently-recorded) neural activity data of the
subject. In this way, the system 100 may still be able to
assess the subject, without the need for constant EEG
monitoring of the subject’s brain.

[0039] The neural activity assessment module 102 may
analyse neural activity data and output a value, or score,
indicative of the likely severity of delirium of the subject
based on their brain activity. The output value/score may
correspond to the difference in the measured power of the
theta frequency band from the an average value of the power
of the theta frequency band of non-delirious subjects, which
may be obtained from measurements taken from a group of
subjects with a similar clinical profile to the subject being
monitored. In other words, the larger the difference in the
subject’s measured theta power from the average theta
power of non-delirious subjects, the larger the value/score
output by the neural activity assessment module 102. Simi-
larly, the closer the measured theta power is to an average
theta power of a group of delirious subjects with a similar
clinical profile to the subject being monitored, the smaller
lower the output value/score. The output from the neural
activity assessment module 102 may, in some embodiments,
be referred to as a “NeuralActivityScore”, and may be a
numerical value.

[0040] A relatively high, or increasing, neural activity
score may be indicative of developing or pronounced
delirium characteristics in the subject. while a relatively low,
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or decreasing, neural activity score may be indicative of
improving neural activity, and reduced delirium character-
istics in the subject.

[0041] The system 100 further comprises a delirium cause
assessment module 104 for assessing data relating to at least
one factor of a plurality of factors which contribute to the
cause of delirium. The delirium cause assessment module
104 may take into account data relating to one, some or all
of the plurality of factors which contribute to the cause of
delirium for the subject. Details of the contributory factors,
and how data relating to the factors might be obtained is
discussed below. In general, however, data may be obtained
in real time from one or more sensors connected to the
system 100, such that a real time assessment of the data may
be performed by the delirium cause assessment module 104.
Alternatively, previously-recorded or previous-acquired
data may be obtained, for example from a storage medium
and assessed by the delirium cause assessment module 104.
[0042] The system 100 further comprises an intervention
determination module 106 for determining, based on the
assessment performed by the delirium cause assessment
module 104, at least one intervention for reducing the
contribution made by the at least one factor. An intervention
is intended to include, for example, an action or a change of
behaviour, which can help to alleviate one or more symp-
toms of delirium, help to limit the development of delirium
in the subject and/or help the reduce the likelihood that the
subject will suffer from delirium. Examples of types of
intervention are discussed below with reference to the
factors that may be affected as a result of the interventions.
[0043] The system 100 may be implemented as a collec-
tion of computer software modules (102, 104, 106) config-
ured to operate on a computer system, such as a desktop
computer, a laptop computer, a tablet computer or a smart-
phone. In some embodiments, the system 100 may be
implemented over multiple computing devices or servers,
and may be implemented partly or fully in a cloud comput-
ing environment.

[0044] As noted above, the neural activity data may, in
some embodiments, comprise data acquired using electro-
encephalography, EEG, measurements of the subject’s
brain. In such embodiments, the system 100 may further
comprise, or be connected to, an EEG device for monitoring
the subject’s brain.

[0045] Numerous factors may contribute to delirium and,
particularly, to symptoms related to delirium which a subject
may experience. In some embodiments, the plurality of
factors which contribute to the cause of delirium may
comprise a likelihood that the subject will develop an
infection; a measure of pain suffered by the subject; a
measure of a quality of sleep experienced by the subject; a
likelihood that medication being taken by the subject will
cause delirium; and a measure associated with the subject’s
environment. Other factors may also be relevant and data
from other factors may additionally be taken into account by
the delirium cause assessment module 104. While, in some
embodiments, delirium cause assessment module 104 may
assess data relating to just one of the plurality of factors, in
other embodiments, the delirium cause assessment module
may assess data relating to multiple factors of the plurality
of factors. Thus, in some embodiments, a subset of these
factors may be assessed. A more reliable assessment of
delirium in the subject may be achieved if multiple factors
are taken in to account. In one embodiment, data relating to



US 2019/0000368 A1

all five of the factors listed above may be assessed. The
combination of data from multiple factors, particular from
the five factors mentioned above, may provide a more
accurate assessment, and may enable a more appropriate
determination of interventions to be made. Thus, the provi-
sion of a suitable intervention, or set of interventions, to
alleviate the effects of delirium in the subject may be
improved by assessing multiple factors, or all five of the
factors mentioned above.

[0046] Insome embodiments, data relating the at least one
factor may be assessed over a period of time, so that any
patterns or trends in the data may become apparent. For
example, a factor may be assessed over a period of an hour,
or twenty four hours. By assessing a factor over a period of
time, it may be possible to determine if the contribution by
that factor to the delirium is increasing, decreasing or
remaining relatively constant.

[0047] FIG. 2 is a schematic illustration of an example of
the delirium cause assessment module 104 of FIG. 1. The
delirium cause assessment module 104 may include a sub-
module for each of the plurality of factors that may be taken
into account in the assessment made by the delirium cause
assessment module. Fach sub-module may assess data relat-
ing to a respective factor of the plurality of factors. The
delirium cause assessment module 104 may comprise an
infection sub-module 202, a pain sub-module 204, a quality
of sleep sub-module 206, a medication sub-module 208 and
an environment sub-module 210.

[0048] A first factor of the plurality of factors is a likeli-
hood that the subject will develop an infection, or an
infection risk of the subject, and this may be assessed by the
infection sub-module 202. This factor relates to the likeli-
hood the subject will develop an infection, for example, over
an upcoming period of time, or during a stay in a medical
institution, such as a hospital.

[0049] The likelihood that the subject will develop an
infection may, in some embodiments, be determined based
a measure of the subject’s core temperature and a measure
of the subject’s haematocrit levels. Thus, in some embodi-
ments, the system 100 may comprise, or be connected to a
device for measuring a core temperature (e.g. an internal
body temperature) of the subject, and a device for measuring
the subject’s haematocrit levels. In other embodiments, the
temperature measurements and the haematocrit measure-
ments may be delivered to, or input into the system 100 for
assessment by the infection sub-module 202, or the delirium
cause assessment module 104 from a remote source.

[0050] The haematocrit (Ht) is a volume percentage of red
blood cells in a subject’s blood. Low or decreasing levels of
haematocrit combined with a high and/or increasing core
temperature may be indicative that an infection is develop-
ing within the subject. The haematocrit may, in some
embodiments, be measured using an imaging device, such as
a camera configured to measure a subject’s vital signs, and
a light source configured to illuminate the subject’s skin
with light of a particular wavelength to which the camera is
sensitive.

[0051] The data obtained from the core temperature mea-
surement (referred to as “core_temperature”) and the hae-
matocrit measurement (referred to as “haematocrit_level”)
may be used to calculate an infection risk score (referred to

Jan. 3, 2019

as “InfectionRiskScore™). For example, the infection risk
score may be calculated according to the following formula:

InfectionRiskScore=core_temperature®haematocrit_
level 1

where ® represents a generic symbol, meaning that the
terms may be combined in some way.

[0052] In some embodiments, a weight may be applied to
one or more of the core temperature measurement and the
haematocrit measurement based, for example, on an assess-
ment of how the values are changing over time. For
example, if, over a period of time, the core temperature
measurements follow a trend to increase rapidly, then this
might be a significant contributory factor to the cause of
delirium. Thus, the core temperature measurement may be
weighted heavily compared to the haematocrit measure-
ment.

[0053] Thus, in some particular embodiments, the infec-
tion risk score may be calculated according to the following
formula:

InfectionRiskScore=core_temperaturexweight temp+
haematocrit_levelxweight_haematocrit [2]

where weight_temp is the weight applied to the core tem-
perature measurement and weight_haematocrit is the weight
applied to the haematocrit measurement.

[0054] A second factor of the plurality of factors is a
measure of pain suffered by the subject, and this may be
assessed by the pain sub-module 204. This factor relates to
the detection of pain incidents, measuring both the intensity
of the pain and duration that the pain is experienced by the
subject. The intensity of pain may be classified in three
levels: (i) no pain, (ii) pain, and (iii) unbearable pain. In
some embodiments, the pain measurement data may be
assessed in real time. That is to say, pain measurements may
be acquired and analysed straight away.

[0055] Different regions within a subject’s brain are
responsible for different functions, and various regions of
the brain are responsible for detecting pain. For example, the
parietal lobe, the anterior parietal lobe, the superior parietal
lobe and the inferior parietal lobe may all be responsible for
detecting pain. Thus, the measure of pain may, in some
embodiments, be determined based at least on the neural
activity data. Thus, the pain measurements may be made
using an EEG device, such as the EEG device used to
measure the neural activity data assessed by the neural
activity assessment module 102. In this way, data from the
brain activity monitoring can be used for multiple uses.
[0056] Using EEG readings to determine a measure of
pain suffered by the subject, it is possible to differentiate
between the “no pain” and pain intensity levels (i.e. “pain”/
“unbearable pain”). A frequency band known as the alpha
EEG frequency band can be used to indicate the presence of
pain in a subject. Distinguishing between the “no pain” and
“any level of pain” classifications may be achieved by
investigating signal wavelet coherency of EEG signals, and
by investigating changes occurring during different levels of
pain intensity. When a subject transitions from a baseline
pain level (i.e. no pain) to some level of pain, the brain phase
changes significantly and, therefore, the coherence between
EEG signals during the “no-pain” and some pain levels (i.e.
“pain”/“unbearable pain™) is clearly evident.

[0057] The EEG readings can also be used to distinguish
between the “pain” and “unbearable pain” intensity levels.
High levels of pain may have an impact on the respiratory
and cardiac function of a subject, caused, for example, by a
subject limiting the movement of their thoracic and abdomi-
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nal muscles in a bid to reduce pain. Furthermore, the
cardiovascular system may respond to the stress of pain by
increasing sympathetic nervous system activity which, in
turn, may increase the subject’s heart rate, blood pressure
and peripheral vascular resistance. In terms of the respira-
tory signal, this may cause shallow breathing, compensated
by faster breathing to increase the amount of oxygen intake.
These traits may be reflected in a respiratory signal that has
a significant lower amplitude and shorter respiratory cycle
during an “unbearable pain” episode. Thus, in some embodi-
ments, the measure of pain may be determined further based
on at least one of acquired respiratory data of the subject and
acquired heart rate data of the subject.

[0058] Thus, if the EEG readings indicate that the subject
is experiencing some level of pain, but none of the above
traits characteristic to “unbearable pain” are detected in
respiratory and heart signals, then the pain sub-module 204
or the neural activity assessment module 102 may classify
the detected event as “pain”. However, if some level of pain
is detected in the EEG readings, and traits characteristic to
“unbearable pain” are detected in respiratory and heart
signals, then the pain sub-module 204 or the neural activity
assessment module 102 may classify the detected event as
“unbearable pain”.

[0059] In some embodiments, additional classifications of
pain may be used.

[0060] The pain sub-module 204 may output a pain level
score (referred to as “PainlevelScore”) which may, in some
embodiments, be a numerical value associated with the level
of pain.

[0061] A third factor of the plurality of factors is a measure
of a quality of sleep experienced by the subject, and this may
be assessed by the quality of sleep sub-module 206. This
factor relates to the quality of sleep experienced by a subject,
either in real time, or over a period of time, such as
overnight. The quality of sleep sub-module 206 assesses
data relating to the subject’s quality of sleep by quantifying
the sleep quality based on detected sleep onset latency, the
sleep duration, a number of wake events and the sleep
duration during the night time.

[0062] The quality of sleep sub-module 206 may output a
quality of sleep score (referred to as “QoSScore™) which
may, in some embodiments, be a numerical value.

[0063] A fourth factor of the plurality of factors is a
likelihood that medication being taken by the subject will
cause delirium, and this may be assessed by the medication
sub-module 208. This factor relates to a risk caused by
medications administered to the subject. In some embodi-
ments, the likelihood of the subject’s medication causing
delirium may be determined based on an assessment of a
plurality of other subjects, each of the plurality of other
subjects having a medical profile similar to a medical profile
of the subject. That is to say, data associated with a group of
medically similar subjects is analysed and used to determine
the risk that a particular medication or medications admin-
istered to the subject will contribute to cause delirium. For
example, the data may be used to quantify the risk of the
subject developing delirium if they are administered par-
ticular medications, such as tranquillizers, benzodiazepines,
and anticholinergic medications. The likelihood of the sub-
ject developing delirium may increase if a larger dosage of
a medication is administered.
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[0064] The medication sub-module 208 may output a
medication risk score (referred to as “MedicationRiskS-
core”) which may, in some embodiments, be a numerical
value.

[0065] A fifth factor of the plurality of factors is a measure
associated with the subject’s environment, and this may be
assessed by the environment sub-module 210. This factor
relates to the contribution to the cause of delirium from
parameters of the environment relative to the subject. In
some embodiments, the environmental parameters may
include the level of illumination, the level of noise and level
of interaction of the subject with other people. Insufficient
illumination, high noise levels, particularly noise which
disturbs the subject’s sleep, and isolation can all contribute
to the cause of delirium in a subject. All of these elements
may have an impact on the subject’s ability to maintain a
sense of orientation, which may be desirable in reducing the
development of delirium.

[0066] The environment sub-module 210 may output an
environment risk score (referred to as “EnvironmentRiskS-
core”) which may, in some embodiments, be a numerical
value. In some embodiments, the three contributory envi-
ronmental factors may be monitored continuously, for
example using suitable components, in order to calculate a
real time contribution made by environmental factors. For
example, in some embodiments, the measure of the subject’s
environment may be acquired using audio capturing equip-
ment and image capturing equipment to capture data relating
to at least one of: illumination levels in the subject’s
environment, noise levels in the subject’s environment and
numbers of people visiting the subject.

[0067] The delirium cause assessment module 104 may
use data from one or more of the factors discussed above in
order to determine an overall risk score for the subject
developing delirium.

[0068] The delirium risk score (referred to as “Delirium-
RiskScore”) may be determined based on a combination of
the outputs of one or more of the sub-modules 202-210
discussed above. Thus, the delirium cause assessment mod-
ule 104 may be configured to assess data relating to a
plurality of factors which contribute to the cause of delirium.
The delirium cause assessment module 104 may be config-
ured to determine a delirium risk for the subject based on a
combination of the data relating to the plurality of factors. In
some embodiments, the delirium cause assessment module
104 may use data from all five factors discussed above. In
other words, the delirium risk score may be calculated based
on the scores determined for all of the factors discussed
above. In some embodiments, the delirium risk score may be
calculated as follows:

DeliriumRiskScore=InfectionRiskScore @Painl.evel-
Score®QoSScore®@MedicationRiskScore@Envi-
ronmentRiskScore. ]

[0069] By using data relating to multiple contributory
factors, particularly from all five factors discussed above, a
better understanding of the relevant factors that are causing
the subject to suffer from, or develop, delirium can be
achieved. A better understanding of the cause of delirium
means that a more targeted and effective intervention strat-
egy can be determined. In this way, the subject is likely to
overcome the delirium more quickly or, if the subject has not
yet developed delirium, then the risk factors most likely to
cause delirium can be managed, thereby reducing the risk of
the subject becoming delirious.
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[0070] In some scenarios, for example when the EEG
readings of a subject indicate that the subject is not suffering
from delirium, the neural activity score may be taken into
account when calculating the delirium risk score. In such
scenarios, the delirium risk score may be calculated as
follows:

DeliriumRiskScore=Neural ActivityScore @Infection-
RiskScore®PainlevelScore®@QoSScore@Medi-
cationRiskScore®EnvironmentRiskScore. [4]

[0071] For any of the factors, the output values (e.g.
scores) may be weighted according to the relative impor-
tance of the contributory factor. In some embodiments, a
weight may be applied to at least one of the plurality of
factors, the weight of a given factor being based on the
contribution of the given factor to the cause of delirium for
the subject.

[0072] In an embodiment in which the scores are
weighted, the delirium risk score may be calculated as
follows:

DeliriumRiskScore=Neural ActivityScorexweight 1+
InfectionRiskScorexweight 2+PainLevelScorex
weight_3+QoSScorexweight 4+Medication-
RiskScorexweight_S+EnvironmentRiskScorex
weight 6 [5]

where weight_1 to weight_6 represent weighting factors to
be applied to their respective scores.

[0073] As noted above, the intervention determination
module 106 is configured to determine, based on the assess-
ment performed by the delirium cause assessment module
104, at least one intervention for reducing the contribution
made by the at least one factor. The intervention determi-
nation module 106 may generate a personalised set of
interventions for a particular subject, intended to help the
subject to avoid delirium onset if they are not already
suffering from delirium, or to reduce the effects of delirium
if they are already suffering from delirium. In some embodi-
ments, the intervention determination module 106 may be
configured to determine at least one intervention only if the
delirium risk score calculated by the delirium cause assess-
ment module 104 exceeds a threshold value. In other words,
if there is a high enough likelihood that the subject will
develop delirium, then the intervention determination mod-
ule 106 will determine one or more appropriate interven-
tions.

[0074] When it is determined that the intervention deter-
mination module 106 is to determine one or more interven-
tions, an intervention may be selected for any contributory
factor which exhibits indications that its contribution to the
cause of delirium is increasing. In other words, if it is
determined that data for a particular factor appears to be
following a trend to increase (i.e. its contribution is increas-
ing), then an intervention may be selected. In some embodi-
ments, interventions may be selected from a set of interven-
tions suitable for the various factors.

[0075] For example, if the InfectionRiskScore value
appears to be increasing over time, indicating subject dete-
rioration in resulting from a potential infection, then the
system 100 may contact a medical professional to inform
them of the increasing infection risk score, and to request
approval to administer antibiotics and medications to reduce
the onset of the infection.

[0076] The interventions may, in some embodiments, be
determined based on data other than the assessments made
by the delirium cause assessment module 104. For example,
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in some embodiments, the intervention determination mod-
ule 106 may be configured to determine the at least one
intervention further based on health record data associated
with the subject. Health record data may be obtained, for
example, from a medical database, or from an electronic
health record (EHR) associated with the subject.

[0077] Any intervention selected by the intervention deter-
mination module 106, to be administered to the subject may,
in some embodiments, be selected such that it does not have
any adverse effect on the subject, or affect the other factors
in an adverse manner. Thus, the intervention determination
module 106 may be configured to determine at least one
intervention for reducing the contribution made by one of
the plurality of factors, wherein the at least one intervention
does not increase the contribution made by any other of the
plurality of factors. For example, if an intervention is
selected to reduce the onset of an infection, identified from
a high InfectionRiskScore value, then it is desirable that the
selected intervention does not result in some other factor
increasing. For example, it is desirable that a medication
administered to reduce the infection onset does not cause the
quality of sleep of the subject to reduce by preventing them
from falling asleep.

[0078] FIG. 3 is a schematic illustration of an example of
the intervention determination module 106 of FIG. 1. The
intervention determination module 106 may include an
intervention, or set of interventions, for each of the plurality
of factors discussed above. For example, as shown in FIG.
3, the intervention determination module 106 includes inter-
ventions for mitigating infection risk 302, interventions for
mitigating pain 304, interventions for mitigating deteriorat-
ing quality of sleep 306, interventions for mitigating medi-
cation risk 308 and interventions for mitigating environmen-
tal risk 310. Each of the interventions selected from the
intervention determination module 106 may be selected
from the set of interventions 302-310. In some embodi-
ments, one intervention may be selected while, in other
embodiments, multiple interventions may be selected. For
example, the intervention determination module 106 may
select an intervention for each contributory factor relevant to
the subject.

[0079] An example of an intervention for mitigating infec-
tion risk 302 is the administration of medication. An
example of an intervention for mitigating pain 304 is the
administration of pain relief medication. Examples of inter-
ventions for mitigating deteriorating quality of sleep 306 is
the administration of sleeping tablets, or reducing the light
or noise in a subject’s room during the night. An example of
an intervention for mitigating medication risk 308 is to
review the administered medication and ensure that any
medication does not affect any other factor that might
contribute to the cause of delirium. Examples of interven-
tions for mitigating environmental risk 310 is changing the
lighting conditions in the subject’s room, reducing the noise
in the subject’s room, and ensuring that the subject is visited
regularly throughout the day.

[0080] In some embodiments, the system 100 may be
configured to operate in different modes, depending on
whether or not a subject is already suffering from delirium.
For example, if, from the neural activity data, it is deter-
mined that the subject is not currently suffering from
delirium, then the system 100 may operate in a “delirium
risk assessment and prevention mode”. In this mode, the risk
of the subject developing delirium from any of the factors
discussed above may be assessed, and the neural activity
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data may be assessed continuously or repeatedly to identify
signs of an onset of delirium. The interventions determined
in this mode are intended to reduce the risk that the subject
will develop delirium. If, from the neural activity data, it is
determined that the subject is currently suffering from
delirium, then the system 100 may operate in a “delirium
management mode”. In this mode, the system 100 may
determine a set of interventions, and continue to assess the
data relating to the factors discussed above to determine
whether or not the interventions are effective in managing
the delirium. In some embodiments, if it is determined that
an intervention is not helping to manage the delirium, then
an additional and/or alternative intervention may be
selected.

[0081] Embodiments of the present invention also relate to
amethod of assessing delirium in a subject. The method may
be performed by a computing device, or a network of
computing devices, servers or processing devices. The
method may, in some embodiments, be carried out in a
cloud-computing environment.

[0082] FIG. 4is a flow chart of an example of a computer-
implemented method 400 for assessing delirium in a subject.
The method 400 comprises, at step 402, acquiring neural
activity data for the subject. As noted above, the neural
activity data may be acquired from a storage medium, such
as a database stored in a memory, or from brain monitoring
equipment, such as an EEG device. The method 400 further
comprises, at step 404, determining whether the acquired
neural activity is indicative that the subject is suffering from
delirium. Using neural activity data of the subject, it is
possible to determine accurately whether the subject is
already suffering from delirium, of exhibiting signs that they
are developing delirium. At step 406, the method comprises
acquiring data relating to at least one factor of a plurality of
factors which contribute to the cause of delirium. Some of
the data may be acquired from the EEG device or other brain
monitoring equipment used to acquire the neural activity
data. Alternatively, if relevant neural activity data has
already been acquired and stored in a storage medium, then
the data acquired at step 406 may be obtained from the
storage medium. The method comprises, at step 408, deter-
mining, based on the acquired data relating to the at least one
factor, at least one intervention for reducing the contribution
made by the at least one factor. Thus, one or more inter-
ventions may be selected or devised which will help to
reduce the contribution to the cause of delirium by a
particular contributory factor, or multiple contributory fac-
tors. In some embodiments, the determination of an inter-
vention may comprise selecting an intervention from a
plurality of interventions. The plurality of interventions may,
for example, be stored in a database or look-up table, and
each of the plurality of intervention may be associated with
one or more contributory factors.

[0083] FIG. 5 shows a flow chart of a further example of
a computer-implemented method 500 for assessing delirium
in a subject. The method 500 may include one or more of the
steps of the method 400 discussed above. The method 500
further comprises. at step 502, indicating the determined at
least one intervention to a medical professional. Details of
the intervention may, for example, be delivered to a mobile
device of a medical professional, so that the medical pro-
fessional is made aware that the subject is exhibiting signs
of developing delirium, and then provided with details of a
particular intervention which might be administered to the
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subject to reduce the contributions, of effects, of the con-
tributory factor. In some embodiments, the determined at
least one intervention may be displayed on a display, such as
a screen of a computing device, and/or stored in a medical
report (e.g. an EHR) of a subject to be reviewed by a medical
professional.

[0084] As noted above, the system and/or the methods
described above may be implemented on a computing
device or as part of a computing network. FIG. 6 shows,
schematically, an example of an apparatus 600 for assessing
delirium in a subject. The apparatus comprises a memory
602 comprising instruction data 604 representing a set of
instructions. The apparatus 600 also comprises a processor
606 configured to communicate with the memory 602 and to
execute the set of instructions 604, wherein the set of
instructions, when executed by the processor, cause the
processor to receive neural activity data for the subject;
determine whether the received neural activity is indicative
that the subject is suffering from delirium; receive data
relating to at least one factor of a plurality of factors which
contribute to the cause of delirium; and determine, based on
the received data relating to the at least one factor, at least
one intervention for reducing the contribution made by the
at least one factor. More generally, the apparatus 600 may be
configured to perform the methods 400, 500 described
above. Thus, the apparatus 600 may comprise a computing
device.

[0085] The processor 606 can comprise one or more
processors, processing units, multi-core processors or mod-
ules that are configured or programmed to control the
apparatus 600 in the manner described herein. In particular
implementations, the processor 606 can comprise a plurality
of software and/or hardware modules that are each config-
ured to perform, or are for performing, individual or mul-
tiple steps of the method described herein.

[0086] The term “module”, as used herein is intended to
include a hardware component, such as a processor or a
component of a processor configured to perform a particular
function, or a software component, such as a set of instruc-
tion data that has a particular function when executed by a
processor.

[0087] It will be appreciated that the embodiments of the
invention also apply to computer programs, particularly
computer programs on or in a carrier, adapted to put the
invention into practice. The program may be in the form of
a source code, an object code, a code intermediate source
and an object code such as in a partially compiled form, or
in any other form suitable for use in the implementation of
the method according to embodiments of the invention. It
will also be appreciated that such a program may have many
different architectural designs. For example, a program code
implementing the functionality of the method or system
according to the invention may be sub-divided into one or
more sub-routines. Many different ways of distributing the
functionality among these sub-routines will be apparent to
the skilled person. The sub-routines may be stored together
in one executable file to form a self-contained program.
Such an executable file may comprise computer-executable
instructions, for example, processor instructions and/or
interpreter instructions (e.g. Java interpreter instructions).
Alternatively, one or more or all of the sub-routines may be
stored in at least one external library file and linked with a
main program either statically or dynamically, e.g. at run-
time. The main program contains at least one call to at least
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one of the sub-routines. The sub-routines may also comprise
function calls to each other. An embodiment relating to a
computer program product comprises computer-executable
instructions corresponding to each processing stage of at
least one of the methods set forth herein. These instructions
may be sub-divided into sub-routines and/or stored in one or
more files that may be linked statically or dynamically.
Another embodiment relating to a computer program prod-
uct comprises computer-executable instructions correspond-
ing to each means of at least one of the systems and/or
products set forth herein. These instructions may be sub-
divided into sub-routines and/or stored in one or more files
that may be linked statically or dynamically.

[0088] The carrier of a computer program may be any
entity or device capable of carrying the program. For
example, the carrier may include a data storage, such as a
ROM, for example, a CD ROM or a semiconductor ROM,
or a magnetic recording medium, for example, a hard disk.
Furthermore, the carrier may be a transmissible carrier such
as an electric or optical signal, which may be conveyed via
electric or optical cable or by radio or other means. When the
program is embodied in such a signal, the carrier may be
constituted by such a cable or other device or means.
Alternatively, the carrier may be an integrated circuit in
which the program is embedded, the integrated circuit being
adapted to perform, or used in the performance of, the
relevant method.

[0089] Variations to the disclosed embodiments can be
understood and effected by those skilled in the art in
practicing the claimed invention, from a study of the draw-
ings, the disclosure and the appended claims. In the claims,
the word “comprising” does not exclude other elements or
steps, and the indefinite article “a” or “an” does not exclude
a plurality. A single processor or other unit may fulfil the
functions of several items recited in the claims. The mere
fact that certain measures are recited in mutually different
dependent claims does not indicate that a combination of
these measures cannot be used to advantage. Any reference
signs in the claims should not be construed as limiting the
scope.

1. A system for assessing delirium in a subject, the system
comprising:

a neural activity assessment module for assessing neural

activity data associated with the subject;

a delirium cause assessment module for assessing data
relating to at least one factor of a plurality of factors
which contribute to the cause of delirium; and

an intervention determination module for determining,
based on the assessment performed by the delirium
cause assessment module, at least one intervention for
reducing the contribution made by the at least one
factor.

2. A system according to claim 1, wherein the neural
activity data comprises data acquired using electroencepha-
logram, EEG, measurements of the subject’s brain.

3. A system according to claim 1, wherein the plurality of
factors comprises: a likelihood that the subject will develop
an infection; a measure of pain suffered by the subject; a
measure of a quality of sleep experienced by the subject; a
likelihood that medication being taken by the subject will
cause delirium; and a measure associated with the subject’s
environment.

4. A system according to claim 3, wherein the likelihood
that the subject will develop an infection is determined
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based a measure of the subject’s core body temperature and
a measure of the subject’s haematocrit levels.

5. A system according to claim 3, wherein the measure of
pain is determined based at least on the neural activity data.

6. A system according to claim 5, wherein the measure of
pain is determined further based on at least one of acquired
respiratory data of the subject and acquired heart rate data of
the subject.

7. A system according to claim 3, wherein the likelihood
of the subject’s medication causing delirium is determined
based on an assessment of a plurality of other subjects, each
of the plurality of other subjects having a medical profile
similar to a medical profile of the subject.

8. A system according to claim 3, wherein the measure of
the subject’s environment is acquired using audio capturing
equipment and image capturing equipment to capture data
relating to at least one of?: illumination levels in the subject’s
environment, noise levels in the subject’s environment and
numbers of people visiting the subject.

9. A system according to claim 1, wherein a weight is
applied to at least one of the plurality of factors, the weight
of a given factor being based on the contribution of the given
factor to the cause of delirium for the subject.

10. A system according to claim 1, wherein the delirium
cause assessment module is configured to assess data relat-
ing to a plurality of factors which contribute to the cause of
delirium; and

wherein the delirium cause assessment module is config-

ured to determine a delirium risk for the subject based
on a combination of the data relating to the plurality if
factors.
11. A system according to claim 1, wherein the interven-
tion determination module is configured to determine the at
least one intervention further based on health record data
associated with the subject.
12. A system according to claim 1, wherein the interven-
tion determination module is configured to determine at least
one intervention for reducing the contribution made by one
of the plurality of factors, wherein the at least one interven-
tion does not increase the contribution made by any other of
the plurality of factors.
13. A computer-implemented method for assessing
delirium in a subject, the method comprising:
acquiring neural activity data for the subject;
determining whether the acquired neural activity is
indicative that the subject is suffering from delirium;

acquiring data relating to at least one factor of a plurality
of factors which contribute to the cause of delirium;
and

determining, based on the acquired data relating to the at

least one factor, at least one intervention for reducing
the contribution made by the at least one factor.

14. A computer-implemented method according to claim
13, further comprising:

indicating the determined at least one intervention to a

medical professional.

15. An apparatus for assessing delirium in a subject, the
apparatus comprising:

a memory comprising instruction data representing a set

of instructions; and

a processor configured to communicate with the memory

and to execute the set of instructions, wherein the set of
instructions, when executed by the processor, cause the
processor to:
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receive neural activity data for the subject;

determine whether the received neural activity is
indicative that the subject is suffering from delirium;

receive data relating to at least one factor of a plurality
of factors which contribute to the cause of delirium;
and

determine, based on the received data relating to the at
least one factor, at least one intervention for reducing
the contribution made by the at least one factor.
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