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Introduction

Abstract

Delirium deteriorates the quality of life in patients with cancer, but is frequently
underdiagnosed and not adequately treated. In this study, we evaluated the
occurrence of delirium and its risk factors in patients admitted to the hospital
for treatment or palliative care in order to develop a prediction model to identify
patients at high risk for delirium. In a period of 1.5 years, we evaluated the
risk of developing delirium in 574 consecutively admitted patients with cancer
to our academic oncology department with the Delirium Observation Screening
Scale. Risk factors for delirium were extracted from the patient’s chart. A de-
lirilum prediction algorithm was constructed using tree analysis, and validated
with fivefold cross-validation. A total of 574 patients with cancer were acutely
(42%) or electively (58%) admitted 1733 times. The incidence rate of delirium
was 3.5 per 100 admittances. Tree analysis revealed that the predisposing factors
of an unscheduled admittance and a metabolic imbalance accurately predicted
the development of delirium. In this group the incidence rate of delirium was
33 per 100 patients (1:3). The AUC of the model was 0.81, and 0.65 after
fivefold cross-validation. We identified that especially patients undergoing an
unscheduled admittance with a metabolic imbalance do have a clinically relevant
high risk to develop a delirium. Based on these factors, we propose to evaluate
preventive treatment of these patients when admitted to the hospital in order
to improve their quality of life.

in patients at risk may be of help to reduce suffering
from delirium [5-11].

Delirium is a common problem in hospital care, especially
for patients with cancer as well as elderly and frail patients
[1]. It is a syndrome of brain dysfunction characterized
by a disturbance in attention, awareness, and cognition,
with a rapid onset that is caused by an underlying medi-
cal condition [2, 3]. The occurrence of delirium depends
on a combination of vulnerability (predisposing factors)
and precipitating factors that trigger the development of
delirium [4]. Risk factors include aging, cognitive impair-
ment, and a history of delirium, and screening for delirium
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Data on the incidence and prevalence of delirium in
literature range from a 5% prevalence rate upon admis-
sion to a geriatric hospital ward [12] up to an incidence
rate of 88% in patients dying from cancer [8]. This diver-
sity in incidence and prevalence rates indicates that it is
a serious problem for patients with cancer especially when
terminally ill.

In recent publications it has been suggested that pro-
phylactic treatment with antipsychotics should be consid-
ered to prevent delirium [13-17], but due to the varying
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Patients at Risk For Delirium

incidence rates of delirium and the sometimes severe
side-effects of these medicines (primarily haloperidol) [18]
there is reluctance to apply preventive treatment to all
patients with cancer admitted to the hospital.

It would be of clinical significance if one could deter-
mine which patients are likely to develop delirium at
admission in order to select patients who might benefit
from prophylactic treatment.

In this study, the primary aim was to evaluate the
occurrence of delirium and its risk factors in patients
with cancer admitted to the hospital for treatment or
palliative care in order to develop a prediction model to
identify patients at high risk for delirium.

Methods

This retrospective study was conducted in all patients with
solid malignancies admitted to our medical oncology ward
of the VUmc Cancer Center Amsterdam (CCA), VU
University Medical Center, between Jan 1st 2011 and June
30th 2012. For each patient the following data were col-
lected from medical charts: baseline characteristics, presence
of delirium, and its risk factors throughout the entire
admission. The study was conducted in accordance with
the ethical standards of the responsible committee on
human experimentation (institutional and national) and
with the Helsinki Declaration of 1975, as revised in 2000.
Because of the retrospective character of this study no
additional informed consent could be obtained and a waiver
was obtained from the medical ethical committee.

Screening for delirium was performed twice a week
during three consecutive nursing shifts according to stand-
ard hospital procedures using the Delirium Observation
Screening Scale (DOSS) [12]. The DOSS is a validated
13-item nurse-rated screening instrument for delirium that
is commonly used in Dutch hospitals. Scores range from
0 to 13 points, with > 3 as a cut-off for delirium. It has
sensitivity and specificity rates of 92% and 82%, respec-
tively [19]. Delirium was recorded as present if the diag-
nosis was noted in the patient chart, or if the patient
had a DOSS score > 3 without a rejection of the delirium
diagnosis written down in the chart.

The following risk factors were assessed: age > 70 years,
alcohol or drug abuse, hearing, visual and/or cognitive
impairment, history of delirium, high doses of opioids
(>90 mg of oral morphine or equivalent), corticosteroids
(>15 mg dexamethasone or equivalent), and/or sedatives
(>2 mg lorazepam or equivalent), infections, postoperative
state (until discharge of major surgery), constipation (note
of constipation or note of delayed stool production for
>48 hours), urinary retention, tumor burden and location,
organ failure, and metabolic disturbances [4—10]. In detail
these risk factors are depicted in table 1. To avoid
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dependence the first admission with or without delirium
for each patient was used for comparisons.

Development of a delirium prediction
algorithm

Based on the predisposing factors and the grouped vari-
ables for the precipitating factors, a prediction algorithm
was developed. For the development of this prediction
algorithm, the groups were defined irrespective of the
prevalence rates of the individual factors to limit the number
of factors included (see Table 1). Grouped variables were
defined positive if any of the factors in this group was
present. Eastern Co-operative Oncology Group (ECOG)
performance status (0-2 vs. 3-4), palliative or curative
treatment intention, and whether or not an admission was
scheduled were also included in the prediction algorithm.
For prediction models, it is recommended that the number
of events should ideally be 10-fold higher than the number
of variables included in the model [20]. Therefore, we
enriched the database with 46 extra delirium cases that
were consecutively diagnosed with DOSS screening between
July 2012 and September 2013 (Table 2). These baseline
characteristics of these cases did not significantly differ from
the patients with delirium in the original dataset. The
enriched database is suitable for the calculation of odds
ratios and the identification of predictors, but not for the
calculation of absolute risks [21]. The absolute risks were
calculated from the original database.

Statistical analysis

Statistical evaluation of differences between nondelirious
and delirious patients was performed with a y>-test, the
Fisher exact test, or the Student’s t-test, whenever appro-
priate. Because of the multiple comparisons an adjusted
P = 0.01 was considered statistically significant. To create
a delirium risk prediction algorithm that can be easily
implemented in the clinic, we used a tree analysis method
[22]. All predisposing and the grouped precipitating fac-
tors for delirium were used in this tree analysis, irre-
spective of the y2-test and students t-test results, to
predict the risk of developing delirium in subgroups of
patients. The number of splits in the tree was chosen
in order to minimize the cross-validated prediction error.
Fivefold cross-validation was used for validation of the
algorithm. For both the original and the cross-validated
model the area under the curve (AUC) was calculated.
Data were collected in the web-based database system
OpenClinica version 3.1.2. Statistical tests were performed
with SPSS version 20.0. The prediction algorithm was
constructed with the software package R program Rpart
(version 3.1).

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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Table 1. Predisposing and precipitating factors for delirium.

Patients at Risk For Delirium

Predisposing factors

Age > 70 years
Alcohol or drug abuse
Hearing impairment
Visual impairment
History of delirium
Cognitive impairment

Precipitating factors

Group Factor Cut-off
High doses of psychotropic Opioids >90 mg morphine per day or equivalent
medication Corticosteroids >15 mg dexamethasone per day or equivalent
Sedatives >2 mg lorazepam per day or equivalent
Withdrawal Alcohol
Sedatives
Other
Infection Fever >38.5°C
Sepsis

Postoperative state
Constipation

Urinary retention
Intracranial neoplasm

Organ failure

Metabolic disturbance

Urinary tract infection
Pulmonary tract infection
Other infections

Primary tumor

Metastasis
Carcinomatous meningitis
Pulmonary failure

Renal insufficiency

Liver failure

Cardiac failure
Calcium (corrected for albumin

0, sat < 88% or PO, < 55 mm Hg

Creatinine > 312 mmol/L (3 x ULN) or creatinine > 3 x baseline

Bilirubin > 60 mmol/L (3 x ULN) and/or ASAT > 150 U/L (5 x ULN) and/or
ALAT > 200 U/L (5 x ULN)

Requiring (prolonged) hospitalization

<1.75 mmol/L

level) > 3.1 mmol/L
Sodium <130 mmol/L
>155 mmol/L
Potassium <3.0 mmol/L
>6.0 mmol/L
Glucose <2.2 mmol/L
>13.9 mmol/L
Albumin <20 g/L

Results

A total of 574 individual patients were admitted 1733
times during the study period (mean 2.95 admittances
per patient, ranging from 1 to 22 admissions per patient).
Sixty delirium episodes were recorded for 52 individual
patients, which resulted in a delirium incidence rate of
3.5 per 100 admittances. Nine percent of all patients
admitted in this period developed delirium.

Patient characteristics

Of all 1733 admittances, 1003 admittances (57.9%) were
scheduled. The mean age of admitted patients was 60 years

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

(SD 13.1) and 60% of the patients were male. Compared
with patients who did not develop delirium, patients who
developed delirium were significantly older (mean age of
59 vs. 67 years, respectively (P < 0.001)), had a worse
ECOG performance status at admittance, and more often
received treatment with palliative intention or palliative
care only. Ninety-four percent of the patients who devel-
oped delirium had an unscheduled admittance, compared
to 49% of the patients who did not develop delirium
(P < 0.001). In 10 of the 730 unscheduled admittances
the indication for the admittance was suspected delirium
(n = 2), confusion (n = 5), or drowsiness (n = 3). Seven
of these patients were diagnosed with delirium in the
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Table 2. Patients included in prediction algorithm.

Delirium n = No delirium n = Total n =
Study period 52 522 574
Extra delirium cases! 46 — 46
Total 98 522 620

TFor adequate power in the development of the delirium prediction al-
gorithm, data on the predisposing and precipitating factors of 46 pa-
tients who developed delirium between July 2012 and September 2013
were added to the original dataset. These data were only used for the
development of this algorithm. Absolute risks at delirium reported in the
article were calculated with the original dataset.

hospital. Patients with delirium stayed longer in the hos-
pital, and the outcome was worse. In Table 3, these data
are shown in detail.

Predisposing and precipitating factors

The most prevalent predisposing factors in this group of
patients were age >70 and alcohol/drug abuse (21% and
8%, respectively). Although all factors were previously
defined as predisposing factors, only age >70 significantly
correlated with the development of delirium in univariate
analysis (P < 0.001).

The most prevalent precipitating factors were high doses
of psychotropic medication, infection, constipation, and
metabolic imbalance (25%, 22%, 19%, and 18%, respec-
tively). The precipitating factors infection, constipation,
urinary retention, organ failure, and metabolic imbalance
were significantly related with the presence of delirium
(P < 0.001) (Table 4).

Delirium prediction algorithm

To determine the most relevant factors for the risk at
delirium, a prediction algorithm by using tree analysis
was developed using the enriched database. The optimum
number of splits, with the lowest cross-validated predic-
tion error, was four.

The absolute risks in the decision tree, obtained by
projecting the algorithm to the original, nonenriched
dataset, are depicted in Figure 1. A patient admitted to
the hospital ward has a risk of 9% to develop delirium
(95% CI: 6.8-11.7%). The first factor that made a major
distinction between a low risk at delirium (1.1% in the
original dataset, 95% CI: 0.2-3.2%) and an intermediate
risk at delirium (16% in the original dataset, 95% CI:
12-21%) was whether or not an admission was scheduled.
Due to the very low risk at delirium (1:100), it was deemed
unnecessary to make any further distinctions within the
group with a scheduled admittance. In the group with
an emergency admission, a further distinction could be
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made between patients who did or did not have metabolic
imbalances. These patients had a delirium risk of 10%
and 32.5%, respectively (95% CIL: 6-15%, resp. 22—44%).
In the group with an unscheduled admittance combined
with a metabolic imbalance (delirium risk 1:3), ECOG
performance status 0-2 versus >3, and curative versus
palliative treatment intention were further splits. The AUC
of this algorithm was 0.81 (Fig. 2 upper line). We evalu-
ated predictive validity of the algorithm by fivefold cross-
validation. This provided a lower estimate for the AUC
of 0.65 (Fig. 2 lower line), as the original algorithm esti-
mates do not correct for uncertainty in the selection of
predisposing and/or precipitating factors. The sum of the
sensitivity and specificity was maximal at a cut-off with
a high specificity of 85%, and a lower sensitivity of
approximately 40% in the cross-validated algorithm. This
cut-off allows for identification of a subgroup of patients
with a high risk at delirium. In the algorithm, the cut-off
is the distinction between patients with an unscheduled
admittance with or without metabolic imbalances.

We evaluated whether the factors found in this algo-
rithm were also predictive for different admissions of the
same patient by comparing the prevalence of unscheduled
admittances and metabolic imbalances within patients who
had both an admittance with delirium and an admittance
(27/52  patients with delirium).
Admittances with delirium were significantly more often
unscheduled than admittances without delirium (25/27
vs. 10/27, P < 0.001). Metabolic imbalances were also
more prevalent in the delirium admittance than in the
admittance without delirium, but this difference was not
statistically significant (12/27 vs. 6/27, P = 0.08). During
the admittance with delirium, patients had a higher chance
to be in the high-risk group according to the prediction
algorithm (with the combination of an unscheduled admit-
tance and metabolic imbalances), than during the admit-
tance without delirium (12/27 resp. 4/27, P = 0.02).

without delirium

Discussion

In this study, medical data from 574 patients during 1733
admittances were evaluated to determine the occurrence
of delirium and its risk factors in patients admitted to
the hospital for treatment or palliative care. We found a
delirium incidence rate of 3.5 per 100 admittances and
determined that 9% of all patients admitted in this period
developed delirium. The most frequent predisposing fac-
tors in this group of patients were age >70 and alcohol/
drug abuse, whereas the most frequent precipitating factors
were high doses of psychotropic medication, infection,
constipation, and metabolic imbalance.

Because of the large number of patients that were evalu-
ated, it was possible to use both predisposing and

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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Admission to the medical oncology
ward

Delirium risk 9 % (52/574)

/\

Scheduled admittance Unscheduled admittance

Delirium risk 1 % (3/270) Delirium risk 16 % (49/304)

E. C. W. Neefjes et al.

*Any of the following:

Calcium <1.75 or >3.10 mmol/L (corrected for albumin)
Sodium <130 or >155 mmol/L

Potassium <3.0 or >6.0 mmol/L

Glucose <2.2 or >13.9 mmol/L

Albumin <20 g/L

/\

No metabolic imbalance

Delirium risk 10 % (23/224)

Metabolic imbalance*

Delirium risk 33 % (26/80)

/\

WHO 0-2

Delirium risk 22 % (12/54)

WHO 3-4

Delirium risk 54 % (14/26)

/\

Palliative treatment

Delirium risk 18 % (9/49)

Curative treatment

Delirium risk 60 % (3/5)

Figure 1. Delirium prediction algorithm. This risk is defined by the combination of factors mentioned in the boxes, starting with a baseline risk of 9% when
a patient is admitted to the medical oncology ward. The * refers to the square in the corner of the figure in which the metabolic imbalances are defined.

ROC Curve

Sensitivity

Source of the
0.2 Curve

—— Model_score
—— Prognostic_score

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Diagonal segments are produced by ties.

Figure 2. ROC curve of the prediction algorithm for delirium. These
curves show the sensitivity and specificity of the different cut-off points
in the algorithm. AUC of the original model (blue line) is 0.81 and 0.65
for the cross-validated model (green line).

1868

precipitating factors to develop an algorithm that may be
used in daily practice to identify patients with a high
risk to develop a delirium.

The incidence rate of 3.5% per admittance in this evalu-
ation is lower than the 16—18% reported on similar hospital
wards [6, 9]. A reason for the low incidence of delirium
on this ward could be that half of the admittances were
scheduled for patients to receive chemotherapy or undergo
other interventions, as these patients have a low risk at
delirium. In the study by Ljubisavljevic and Kelly (2003)
these patients were not included, and it is likely that the
proportion of scheduled admittances in the study by
Gaudreau et al. (2005) was also smaller. When all sched-
uled admissions are excluded from our dataset, the inci-
dence rate of delirium goes up to 7.8% (57/730), which
is still lower than in the aforementioned studies. Another
important reason that might explain this low incidence
rate could be that the mean age of the patients admitted
to this ward was 60 years (only 21% of the patients were
aged >70 years) and even the elderly patients had a good
cognitive performance status, as only 2.1% of all patients
had a cognitive impairment.

The selected predisposing and precipitating factors were
previously defined for their significant relationship with
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delirium, but this relationship was not confirmed for all
of these factors in this study. This is most likely due to
the low prevalence rates of these risk factors. In other
studies logistic regression analysis to determine the influ-
ence of an individual factor on a patients risk at delirium
had been used [8, 23]. Although the results of these analyses
indicate that a patient in whom a certain factor is present
has a relatively higher risk at delirium, it does not provide
the clinician with a clinical tool to clearly define the abso-
lute risk that a specific patient has to develop delirium.
Also, the effect of a combination of multiple predisposing
and/or precipitating factors in the same patient is often
not clear. Therefore, a prediction algorithm could be of
significant clinical value to provide this information.
Martinez et al. (2012) developed a prediction rule for
patients admitted to the internal medicine ward [24]. This
prediction rule could not be applied to our medical oncol-
ogy ward as the prevalence of some of the components
of the prediction rule was too low (e.g., age > 85 years).

We developed an alternative algorithm in which patients
with high risk for delirium are rapidly identified based
on an emergency admittance combined with metabolic
imbalances (delirium risk 1:3) (see Fig. 1). These factors
are usually available upon admission of a patients with
cancer and therefore this algorithm can be easily imple-
mented in daily clinical practice. We here propose that
based on this algorithm, patients could be selected for
preventive treatment for delirium [12-16].

We do realize that our study has some limitations such
as that it is a retrospective evaluation, the number of
patients are rather limited to evaluate a high number
(>10) of predisposing factors for delirium, and although
it concerns only patients with cancer, tumor diagnosis is
heterogeneous. On the other hand, the strength of this
study is that no selection has been made for patients
with cancer acutely admitted to the hospital and that the
algorithm to determine the risk at a delirium can be
easily implemented in daily practice.

In future studies, preventive treatment for delirium
should be evaluated for its influence on the quality of
life of patients, while taking in account the added risk
of treatment-induced toxicity of such a treatment strategy.
In addition, as previously advocated by others, we also
highly recommend screening of acutely admitted patients
for delirium [25]. The specificity for the cut-off in our
algorithm is high (85%), but the sensitivity is only 40%.
This means that 60% of the delirium cases would be
missed when only attention is being focused at patients
in the high-risk group. Therefore, while preventive treat-
ment of patients identified by our algorithm with a high
risk of delirium needs further evaluation, also screening
for delirium symptoms in the other patients with an
emergency admission should be considered.

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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In conclusion, delirium is a serious problem for patients
with cancer admitted to the hospital. We identified that
especially patients undergoing an unscheduled admittance
with a metabolic imbalance do have a clinically relevant high
risk to develop a delirium. Based on these factors, we propose
to evaluate preventive treatment of these patients when admit-
ted to the hospital in order to improve their quality of life.
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