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Abstract

Drugs may enhance the incidence of delirium in predisposed patients with dementia. This study analyzed prescription of
potentially inappropriate medications (PIMs) of the Priscus list and the delirigenic burden of drugs and their role as
precipitating factors for the development of delirium in patients with dementia. Patients with the diagnosis of dementia who
had been hospitalized because of a delirium were screened retrospectively for number and sort of PIMs, as defined by the
Priscus list. The delirogenic drug burden was assessed by a risk-scale ranging from 0 (not existing) to 4 (high) per drug and
calculation of a sum score per patient. Overall, 79 patients (57.0% female) with a mean (Mean+SD) age of 81.1+6.6 years were
included. They received by mean 6.0+3.3 drugs at admission and 6.9+2.8 at discharge. At admission 15 patients (19.0%)
received at least one Priscus-PIM and 57 (72.9%) at least one drug with delirogenic properties. Prescription of PIMs slightly
decreased by 20% at discharge. The mean delirogenic burden sum score was 2.0£2.1 (range 0-11) at admission and decreased
by 40% to 1.2+1.2 (range 0-5) at discharge. Drugs were diagnosed as precipitating factors for delirium in 13 patients (16.5%).
Besides amitriptyline, drugs with a strong delirogenic activity, as promethazine or levomepromazine, have not been considered
as a possible reason for delirium. Although physicians try to avoid inappropriate drug-prescribing to demented patients,
delirogenic drugs are frequently given to patients with dementia and in a significant number of patients they were associated
with the occurrence of delirium. Preliminary evidence indicated that reduction of the delirogenic burden score of the
medication is more appropriate to dimish this risk than reduction of PIM prescriptions. More cautious prescribing by the
physician is indicated and future interventions may need to focus on polypharmacy to optimize pharmacological treatment in
vulnerable demented patients.
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i most frequent mental disorders in Europe in the old age
1. Introduction population [1, 2]. In the European Union (EU), about 6.3
million people were affected by dementia in 2011, the overall

The health- tem i fronted with i b
© fieathi-cate system 1S contronted Wit 4 Erowing number prevalence rate was 0.5% in individuals aged 60-64 years,

of elderly patients suffering from dementia, being among the
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5.4% at the age of >60 years and 23.7% at the age of >85
years [1].

Dementia can be complicated by delirium, an acutely
disturbed state of mind with fluctuating symptoms [3] that is
present in nearly 20% of demented outpatients [4].

Predisposing factors make individuals vulnerable for the
development of delirium and precipitating factors may
trigger pathophysiological mechanisms resulting in delirium
by a complex interplay [5-7]. Dementia is the most important
predisposing factor [3] and multiple drugs have the potential
to induce delirium [8].

Because of comorbid diseases [9], demented patients are
often treated by polypharmacy [10] and therefore high-risk
patients for the development of adverse drug reactions
(ADRs) [11]. ADRs are often the result of cumulative drug
effects, especially due to anticholinergic properties [12-14].

Because of age-related pharmacokinetic and
pharmacodynamic changes [15, 16] patients with the
diagnosis of dementia are highly susceptible to
anticholinergic drugs [12, 14]. Physicians should therefore
the prescription of drugs with delirogenic,
especially anticholinergic potential in this population [9, 13,
17].

minimize

The first step to prevent ADRs and optimize complex
pharmacotherapy is to identify inappropriate or high-risk
drugs or drug-combinations for demented patients [18, 19].

Lists of potentially inappropriate medication (PIM) in the
elderly, such as the Beers or the Priscus list [20, 21], have
been developed to improve safety and tolerability of
pharmacotherapy in the elderly. The German Priscus list has
been published in 2010. It contains 83 drugs, including a lot
of drugs with delirogenic potential [21]. In a study of
Wuchera and colleagues [22], 22% of patients with dementia
received at least one Priscus-PIM, mostly antidepressants,
benzodiazepines, and analgetics.

Anticholinergic risk-scales were developed which list drugs
according to their anticholinergic potential, reviewed by
Duran and colleagues [23]. In 2015, a new risk scale was
established by Hefner and colleagues that refered not only to
anticholinergic but also to other mechanisms of central
nervous depression that may cause delirum by grading 106
drugs from 1 (minimal delirogenic activity) to 4 (high
delirogenic activity) [19]. The scale enables quantification of
the delirogenic burden in elderly patients with multiple drug
intake. An increased risk was detected for a sum score of the
listed drugs of at least 5 [19].

In general, the prescription of PIMs and delirogenic drugs
among people with dementia is frequent and associated with
advanced morbidity and adverse outcomes [24, 25].

Aim of this study was to analyze the frequency of PIM or
delirogenic medication use in demented patients and their
role as possible precipitating factors for the development of
delirium.

2. Study Design and Methods

This retrospective analysis was conducted at the department
of Psychiatry and Psychotherapy, St. Valentinus hospital, Bad
Soden, Germany. All patients admitted with the diagnosis of
delirium and dementia (April 2009 — June 2012) were
included for analysis. Overall, 79 patients could be included.

Medical records of the patients were screened retrospectively
for clinical data at admission and discharge. No limitation
was made with respect to the severity of illness, psychiatric
secondary diagnosis according to International classification
of Mental and Behavioural Disorders, 10th Revision (ICD-
10), treatment-time or dosage of the administered drugs and
comedication. Non-adherence to medication or drug serum
concentration could not be retrospectively evaluated.

Patient-characteristics like age, gender, diagnosis (ICD-10),
comorbidities and medication were collected for analysis.
The total number of administered drugs per day was
calculated, excluding topical, ophthalmic, inhaled and
otologic medications. Dietary supplements and medical
devices were also excluded from the calculations.

The number and sort of Priscus-PIMs [21] were checked by
analyzing medication profile of the patients. All drugs that
fulfilled the criteria (dosage, galenic formulations that are not
recommended) of a potentially inappropriate Priscus-PIM
[21] were included.

The delirogenic burden of a patient was assessed by the risk-
scale of Hefner and colleagues [19]. Medication of the
patients was analyzed for drugs which were listed in the risk-
scale. Afterwards, risk-points of all drugs were summarized
to a sum score (delirogenic burden). Drugs which were
administered non-systemic, e.g. topical, ophthalmic, inhaled,
and otologic preparations were excluded from the
calculation.

Descriptive statistics of patient data were presented as mean
values + standard deviations (Mean+SD). Frequencies of
various data were presented, reflecting the total number and
the percent of cases (%). Using Spearman’s correlation
analysis, a possible correlation between various factors was
determined. Statistical analysis was carried out by using
IBM" SPSS" Statistics version 21.0 (IBM GmbH, Ehningen,
Germany). A P-value of p<0.05 was considered as
statistically significant.
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3. Results

In total, 79 patients (57.0% female) with a mean age of
81.1+6.6 years could be included in the study (Table 1). Main
diagnosis (ICD-10) in all patients (100.0%) was a delirium
superimposed on dementia (F05.1). Most frequent secondary
diagnosis was a dementia in Alzheimer disease with late
onset (F00.1, 34.2%), a mixed cortical and subcortical
vascular dementia (FO01.3, 27.8%), and an organic mood
affective disorder (F06.3, 22.8%).

By mean, patients had 4.7+3.3 comorbid conditions and
received 6.0+3.3 drugs at admission and 6.9+2.8 drugs at
discharge (Table 1). At admission, 19.0% of the patients
(n=15) received at least one Priscus-PIM (Table 2) and
15.2% (n=12) at discharge. The most frequently prescribed
Priscus-PIMs at admission (Table 3) were diazepam (n=3),
digoxin and derivatives (n=3) as well as zopiclone>3.75mg/d
(n=3), and haloperidol>2mg/d (n=4), diazepam (n=2) and
digoxin and derivatives (n=2) at discharge. Detailed
information is presented in tables 1-3.

Table 1. Sample characteristics of patients (n=79) with diagnosis of delirium and dementia.

Min-Max Mean (+=SD)
Number of patients [n] N/A
Age [n] 70-95 81.1+£6.6
Female [n, %] 45 (57.0) N/A
Male [n, %] 34 (43.0)
Number of medications admission 0-16 6.0+3.3
discharge 2-18 6.9+2.8
. admission 0-4 0.24+0.6
Number of Priscus-PIMs [21] discharge 0-1 02404
Delirogenic burden score [19] a§m15510n 0-11 2021
discharge 0-5 1.2+1.2
Number of comorbidities 0-19 4.7+3.3
Duration of hospitalization [days] 1-84 14.8+11.1

PIM=potentially inappropriate medication

Mean calculated delirogenic burden was 2.0+2.1 (range 0-11) at admission and 1.2+1.2 (range 0-5) at discharge (Table 1, 2).

Table 2. Delirogenic burden scores and Priscus-PIMs, detected in patients (n=79) admitted to hospital with the diagnosis of delirium superimposed on
dementia.

Delirogenic burden Number of patients

Number of Priscus- Number of patients

score [19] admission discharge PIMs [21] admission discharge
0 22 (27.8%) 26 (32.9%) 0 64 (81.0%) 67 (84.8%)
1 13 (16.5%) 25 (31.6%) 1 14 (17.7%) 12 (15.2%)
2 21 (26.6%) 17 (21.5%) 5 0 0

3 9 (11.4%) 7 (8.9%) 5 0 0

4 10 (12.7%) 3 (3.8%) 4 1(1.3%) 0

5 1 (1.3%) 1 (1.3%) Total 79 (100.0%)

7 1 (1.3%)

10 1(1.3%)

1 1(1.3%)

Total 79 (100.0%)

PIM=potentially inappropriate medication

Drugs with a high and moderate delirogen potential (3 or 4 risk-points) [19] that were prescribed at admission and discharge
were listed in table 3. At discharge, no drug with high delirogenic potential of 4 risk-points [19] was prescribed anymore.

Table 3. Prescription of drugs with an at least moderate delirogenic burden score (3 risk-points) and of Priscus PIMs. Overall, 12 drugs with moderate or high
delirogenic potential were prescribed at admission and 6 at discharge. 18 Priscus-PIMs were identified in patients at admission and 12 at discharge.

Delirogenic medication with 3 or 4 risk-points [19]

Priscus-PIMs [21]

(Number of patients at admission, risk-
points)

Olanzapine (n=4, 3)

Anmitriptyline (n=2, 4)

Promethazine (n=2, 4)
Levomepromazine (n=1, 4)

Opipramol (n=1, 4)

risk-points)
Olanzapine (n=2, 3)
Oxybutynin (n=1, 3)

(Number of patients at discharge,

(Number of patients at
admission)

Diazepam (n=3)

Digoxin and derivatives (n=3)
Zopiclone>3.75mg/d (n=3)
Amitriptyline (n=2)
Bromazepam (n=1)

(Number of patients at discharge)

Haloperidol>2mg/d (n=4)
Diazepam (n=2)

Digoxin and derivatives (n=2)
Clonidine (n=1)

Etoricoxib (n=1)
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Delirogenic medication with 3 or 4 risk-points [19]

Priscus-PIMs [21]

Oxybutynin (n=1, 3)
Trimipramine (n=1, 4)

Nifedipine (non retarded) (n=1)
Olanzapine>10mg/d (n=1)

Fluoxetine (n=1)
Haloperidol>2mg/d (n=1)
Levomepromazine (n=1)
Oxazepam>60mg/d (n=1)
Triazolam (n=1)
Trimipramine (n=1)

PIM=potentially inappropriate medication

Overall, 4 patients had a sum score of at least 5 risk-points at
admission and 1 patient at discharge (n=1) (Table 2, 4).

The delirogenic burden [19] correlated significantly with the
total number of prescribed drugs (r=0.462, p<0.01, CI 95%).
No significant correlation (p>0.05) was found between the
number of Priscus-PIMs [21] and the number of prescribed
drugs.

Overall, relating to the 79 patients, 184 reasons for the
development of delirium were documented by the physicians.
Besides the predisposing factor of dementia (100.0%), most
common diagnosed precipitating factors were

exsiccosis/dehydration (62.0%) and acute urinary tract
infection (25.3%). Drugs were diagnosed as precipitating
factor for delirium in 13 patients (16.5%), including
amitriptyline (n=3), multiple analgesics consumption (n=3),
levetiracetam (n=2), levodopa (n=2), carbamazepine (n=1),
the combination memantine and theophylline (n=1) and
phenytoin (n=1).

Besides drugs strong
anticholinergic/delirogenic activity (4 risk-points [19]) as
promethazine, levomepromazine, trimipramine or opipramol
(Table 3) were not considered as reason for the development
of delirium. More detailed information is given in table 4.

amitriptyline, with a

Table 4. Diagnosed reasons for delirium and prescribed drugs of demented patients admitted with a delirogenic burden score >5 (n=4). Diagnosed reasons for
delirium of 10 patients admitted with a delirogenic burden score of 4 were also prescribed. Overall, 184 reasons for the development of delirium have been
diagnosed by the physician in 79 patients.

Delirogenic drug combination
Drug (risk-points [19])

Delirogenic burden score
[19] (number of patients)

Diagnosed reason for delirium (number of patients)

amitriptyline (4), citalopram (2), metformin (1),
olanzapine (3), tramadol (1)

amitriptyline (4), diazepam (1), levomepromazine (4),
zopiclone (1)

11 (n=1)

10 (n=1)

clonazepam (1), promethazine (4), quetiapine (2) 7 (n=1)
amitriptyline-administration has been stopped before the

admission due to amitriptyline-intoxication, metformin 5 (n=1)
(1), opipramol (4)

N/A 4 (n=10)

Dementia and amitriptyline (n=1)

Dementia and amitriptyline (n=1)

Dementia, exsiccosis and an acute urinary tract infection (n=1)
Dementia and amitriptyline (n=1)

Dementia (n=10), exsiccosis (n=6), acute urinary tract

infection (n=4), analgesics (n=1), cerebral hypoxia (n=1),
decompensated cardiac insufficiency (n=1), Levodopa (n=1)

4. Discussion

This study analyzed the use of Priscus-PIMs [21] and the
delirogenic burden of drugs [19] prescribed to patients with
delirium superimposed on dementia and their role as possible
precipitating factor for the development of delirium causing
hospital admission.

Overall, 19.0% of the included patients (n=15) received at
least one Priscus-PIM (Table 2) [21] at admission and 15.2%
(n=12) at discharge. This prevalence rate was similar to other
studies that analyzed the use of Pricus-PIMs in demented
patients. Wucherer and colleagues [22] detected a Priscus-
PIM prevalence rate of 22% in community-dwelling people
with dementia, and Fiss and colleagues [26] identified for a
German healthcare sector Priscus-PIM-use in 19.8% of
demented patients.

In this study, the most frequently prescribed PIMs were
anxiolytic, hypnotic, cardiac and antidepressant drugs, which
was similar as in the studies by Wucherer et al. [22] and Fiss
et al. [26].

More PIMs were found by Siebert and coworkers [27], in a
clinic of geriatric rehabilitation. In the elderly patients, 35%
received Priscus-PIMs at admission and 29% at discharge.

The delirogenic burden of the patients was by mean 2.0+2.1
(range 0-11) at admission and 1.2+1.2 (range 0-5) at
discharge (Table 1, 2). In a previous study on non-demented
patients, a risk score of at least 5 points was observed that is
associated with an increased risk for ADRs [19]. This score
was observed for only 4 patients at admission (5.2%) and 1
patient at discharge (1.3%). This may indicate that a lower
risk score could be sufficient to induce delirium in patients
with dementia.

A significant correlation was found between the delirogenic
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burden score [19] and the number of Priscus-PIMs (p<0.01).
This was not surprising, since many Priscus-PIMs [21] are
also in the delirgenic burden scale of Hefner and colleagues
[19]. This that both, reduction of PIM
prescriptions and of the delirogenic burden score will lead to
risk reduction. This suggestion, however, was not supported
by findings in this study.

insinuates

The observation that drugs like amitriptyline, promethazine
or levomepromazine with a high delirogenic burden score of
4 risk-points [19] were all discontinued after admission
indicates that the delirogenic potential was considered by the
treating physicians as relvant risk factor. On the other hand,
little changes were observed during hospitalization with
regard to discontinuation of PIMs. The prescription rate was
changed from 19.0 to 15.2%. This indicates that the
delirogenic burden score is a more appropriate indicator for
the risk of delirium than number of PIMs.

Awareness among physicians to be cautious about the
prescribing of potentially inappropriate and delirogenic drugs
to demented patients were present which is in line with
Johnell et al. [28]. Nevertheless, inappropriate drug use
among people with dementia is frequent and associated
amongst others with advanced morbidity [24, 29]. Therefore,
more cautious prescribing especially of benzodiazepines and
anticholinergic drugs or combination of psychotropic drugs
in demented patients is indicated to avoid ADRs, such as
delirium, in these vulnerable patients [29].

Most patients of this study were polymedicated, they
received by mean 6.0+3.3 drugs at admission and 6.94+2.8
drugs at discharge (Table 1). In a study by Barry and
colleagues, polypharmacy was observed in 81.5% of
demented patients [10]. It is an important predisposing risk
factor for delirium [30] and a risk factor for prescription of
potentially inappropriate drugs [10, 31, 32]. This was
confirmed by the significant correlation between delirogenic
burden score and the total number of drugs per day (p<0.05).

Parsons et al. [32] emphasized the need of new tools to assess
medication appropriateness in vulnerable demented people,
including misprescribing, overprescribing or
underprescribing of certain medications. The findings of this
pilot study indicate that the delirogenic burden risk scale
used by us for retrospective analysis in patients with delirium
superimposed on dementia could be a useful tool for risk
reduction for these patients.

The interpretation of the study-results is restricted by the
retrospective nature of the study design. Therefore, results
are only explorative and do not prove any causal relationship.

Data for this study were assessed in 2009-2012, so a trend
towards a more rational drug therapy could be expected to

date [33]. On the other hand, the study by Wucherer and
colleagues [22], conducted in 2016, detected similar PIM
prevalence rates, so medication management seemed to have
not changed remarkably.

5. Conclusions

Priscus-PIMs and the delirogenic burden score of drugs were
established for risk reduction of medications given to old
aged patients.

PIMs and delirogenic drugs are frequently given to patients
with dementia. In a significant number of patients they were
found to be associated with the occurrence of delirium.
Therefore, medication has to be checked more intensively for
delirogenic drugs and drug combinations in clinical routine.
Although physicians seem to be cautious with the prescribing
of Priscus-PIMs and overall delirogenic medication,
medication management in often polypharmaceuted
demented patients is still improvable to increase the
tolerability of medication and to avoid adverse drug
reactions, such as delirium. More cautious prescribing by the
physician is indicated and future interventions may need to
focus on polypharmacy to optimize pharmacological
treatment in vulnerable demented patients.

Most important, patient’s risk profile should be evaluated
before the occurrence of delirium. The avoidance of reversible
precipitating factors, such as of high-risk drugs and drug
combinations, may be a fast and successful intervention to
prevent delirium. The findings in this study indicated that
reduction of the delirogenic burden score of the medication is
more appropriate to dimish the risk of delirium than reduction
of number of PIM prescriptions. Prospective studies in a larger
sample of patients with dementia or of multimorbid old aged
patients have to clarify if assessment of the delirogenic burden
and reduction of the score during decision making of
medications can reduce the occurrence of delirium or other
ADRs like orthostatic disturbances, falls or disorientation.
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