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“Chi mi toglie il regio scettro? Qual m’incalza orrendo spettro! Chi pe’l crine, ohimè, 

m’afferra? Chi mi stringe? Chi m’atterra? […] Ah fantasmi ho sol presenti... hanno 

acciar di fiamme ardenti! E di sangue il ciel vermiglio sul mio capo si versò! Ah! 

Perché, perché sul ciglio una lagrima spuntò?” 1 

 

 

“Who is it that takes my royal sceptre from me? What horrid spectre is pursuing me? 

Who seizes me, alack, by the hair? Who is crushing me?... Who lays me low? […] I 

am surrounded by phantoms…they are having flaming swords of fire! And the blood-

red sky has fallen upon my head! Why, oh why did a tear start from my eye?” 

 

 

 

“Nabucco” by Giuseppe Verdi (1813 – 1901), part II “L’empio”, 8th scene. 

 

Perhaps one of the first cases of delirium described in the literature. 
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Summary 
 

One of the main goals of epidemiology is to identify factors that increase the risk of a 

single individual or a population developing a certain disease to reduce its morbidity 

or mortality. For this purpose, observational analytical studies, such as cohort studies 

or case-control studies, are often appropriate, as these kinds of studies are generally 

cheaper, more generalizable, and can be conducted on a larger scale than 

experimental studies. 

 

Rehabilitation is a fundamental process in modern medicine that aims, through an 

interdisciplinary approach, to restore and maintain optimal physical, sensory, 

intellectual, psychological, and social functioning in patients with acute or chronic 

disabilities. 

 

Delirium is known as a brain syndrome that dramatically impairs consciousness, 

attention, perception, thought, memory, psychomotor behavior, emotions, and the 

sleep-wake cycle of affected inpatients. In both acute and rehabilitation settings, 

delirium has been associated with prolonged length of stay and increased mortality. 

Furthermore, as patients suffering from delirium are unable to fulfill the rehabilitation 

therapy schedule, they often achieve poor rehabilitation outcomes, such as reduced 

autonomy after discharge. Delirium consequences cause annually additional costs for 

rehabilitation facilities and the entire healthcare system. 

Preventing delirium and thus minimizing its clinical implications is possible, non-

pharmacological interventions, such as cognitive stimulation or patient mobilization 

have been proven to be effective. However, to implement targeted interventions, it is 

essential to identify patients potentially at risk of developing delirium during inpatient 

rehabilitation. 

 

This thesis aimed to identify a set of risk factors for the development of incident 

delirium during inpatient rehabilitation, to assess the impact of delirium on functional 

rehabilitation outcomes and length of rehabilitation, and to develop a clinical prediction 

model based on parameters available on admission able to quantify the individual’s 
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risk of developing delirium during inpatient rehabilitation. For this purpose, the thesis 

was structured on three projects based on data from a collective of approximately 

10’000 patients who underwent inpatient rehabilitation at ZURZACH Care, Rehaklinik 

Bad Zurzach, an inpatient rehabilitation clinic in Switzerland. 

 

We first developed and validated a chart-based method to detect incident delirium 

episodes within our study population. The developed method, based on delirium 

predictive key words identified within medical notes, was able to detect incident 

delirium episodes with low to moderate accuracy. However, supplemented with 

experts’ review, this method was able to identify a validated population of 125 incident 

delirium episodes. 

 

Based on the validated delirium episodes and routinely collected clinical data, we 

conducted a retrospective matched case-control study in the subsequent project. The 

results identified older age, neurological rehabilitation, reduced Functional 

Independence Measure (FIM), and high disease (CIRS) or anticholinergic burden 

(ACB) at admission as factors associated with a considerably increased risk of incident 

delirium during rehabilitation. Patients with infectious diseases, disorders of fluid, 

electrolyte and acid-base balance, and Parkinson’s disease at admission, and patients 

treated with laxatives, heparins, antidepressants, dopaminergic agents, and 

antipsychotics during rehabilitation, were at an increased risk of developing delirium 

compared to patients without these conditions or patients not receiving these drug 

classes. Furthermore, we observed that patients who became delirious during 

rehabilitation had a longer mean stay and a poorer functional rehabilitation outcome 

than patients without delirium. 

 

In the last project, we developed a clinical prediction model based on parameters 

available at rehabilitation admission. We observed that age, FIM, disorders of fluid, 

electrolyte and acid-base balance, use of other analgesic and antipyretics or anti-

Parkinson drugs on admission, and an ACB ≥3 were selected as predictor parameters. 

Upon validation, this model would allow an individual’s risk calculation of developing 

incident delirium during inpatient rehabilitation. 
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General Introduction 

Epidemiology 

Definition 

“Epidemiology is the study of how a disease is distributed in populations and the 

factors that influence or determine this distribution. Why does a disease develop in 

some people and not in others?” With this definition and question, Leon Gordis 

introduces the basic premise of epidemiology, namely that diseases are not distributed 

randomly within a population, but that single individuals have genetic or environmental 

characteristics able to predispose or protect them against certain diseases.2 Usually 

the development of a disease is related to an interaction between several genetic and 

environmental factors. One of the main objectives of epidemiology is to reduce the 

morbidity or mortality of a certain disease by identifying and addressing the factors 

that increase a person’s or population’s risk for that disease. For instance, by 

developing a prevention program for a disease based on its assessed risk factors.2 

In the context of risk factors, it is important to differentiate between modifiable 

characteristics such as obesity, diet, and other lifestyle factors, which may be 

improved to minimize the risk of disease, and not modifiable characteristics such as 

age, sex, and race, which cannot be altered, but need to be known to identify high-risk 

subgroups of a population and, for instance, implement targeted preventive 

strategies.2 

Other objectives of epidemiology are to characterize the distribution of diseases in the 

community, to study the natural history and prognosis of diseases (e.g., morbidity or 

mortality rates), and to evaluate existing and newly developed preventive and 

therapeutic procedures in health care systems. Furthermore, epidemiology provides 

the scientific evidence to develop public policy related to environmental problems, 

genetic issues, and other applications regarding disease prevention and health 

promotion. Prevention programs may be population-based, where a preventive 

measure is widely applied to an entire population and is generally noninvasive and not 

expensive (e.g., dietary advice for preventing coronary disease), or high-risk group 

based, where preventive measure is directed to a population subgroup with an 
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expected high risk for a certain disease (e.g., mammography for the prevention of 

breast cancer).2 
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Study Designs in Epidemiology 

Observational Studies vs. Experimental Studies 

In epidemiological research there are two main groups of study designs, experimental 

and observational, the latter are further subdivided into descriptive and analytical. 

Experimental studies differ from observational studies in that an investigator allocates 

(or does not allocate) an intervention to participants, rather than just observes 

exposure in populations. The aim of experimental studies is generally to test a 

hypothesis (e.g., randomized controlled trials [RCTs]).3 The choice of the most suitable 

study design primarily depends on the study question and the availability of data. 

Although experimental studies can test causal associations between exposures and 

outcomes and provide a higher level of scientific evidence than observational studies, 

they are not suitable in some cases. In such cases, e.g. if the intervention is unethical 

because the exposure is already known to be harmful, if the outcome is rare or time-

delayed and could therefore not be captured in an experimental study with limited 

study populations or observational periods, or if an experimental study is too 

expensive, observational studies can be more appropriate.4 

Descriptive Observational Studies 

Descriptive observational studies characterize exposure and outcome without 

investigating their association. They include case reports, case series, ecologic 

studies, and some cross-sectional studies. The main difference to analytical 

observational studies is the lack of a comparison group. For this reason, descriptive 

studies are not able to assess an association between outcome and exposure.5 

Analytical Observational Studies 

Analytical observational studies investigate associations between exposures and 

outcomes. The main types of analytical observational studies are cohort studies, case-

control studies, case-crossover, and some cross-sectional studies (with a comparison 

group).5 
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Cohort Studies 

In a cohort study, a group of exposed individuals and a group (or more) of nonexposed 

(or differently exposed) individuals are selected and followed up to compare the 

incidence of a disease (outcome) in both groups. If the incidence of the disease differs 

among the exposed and the unexposed group, there may exist an association 

between the exposure and the outcome. This association “may exist” because, since 

in a cohort study, study participants are not randomized to an intervention (the 

exposure), there might be factors that led people to be exposed, that are also 

associated with the outcome. The lack of randomization is the main difference 

between a cohort study and an RCT, in which individuals are randomly assigned to 

the intervention (exposed) or control (unexposed) group. An association between an 

exposure and an outcome can be positive if the incidence of the outcome is higher in 

the exposed group than in the unexposed group or negative (or protective) if the 

incidence of the disease is lower in the exposed group than in the unexposed group. 

Cohort studies can be performed prospectively (also called concurrent cohort studies) 

or retrospectively (also called nonconcurrent or historical cohort study), if data on 

exposure and outcomes (e.g., from a patient or disease registry) are available at the 

time of the study conduction (Figure 1).6 

 

 

Figure 1: Design of a prospective (concurrent) or a retrospective (historical) cohort study. (Miller et al.7) 
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Case-Control Studies 

In a case-control study, to examine the association between one or more exposures 

to an outcome, a group of individuals with the outcome (cases) is compared with a 

selected group of individuals without (controls). If the prevalence of an exposure differs 

among diseased and non-diseased groups, there may exist an association between 

the exposure and the outcome (Figure 2). Because of the study design, case-control 

studies may be affected by two common systematic errors (or biases). The first one is 

related to the validity of retrospectively collected exposure information, which may 

differ between people with the outcome and people without the outcome (recall bias). 

This kind of bias is typical for data collected through interviews, whereas it is less 

common for data collected from standardized databases such as health care registers. 

The second common systematic error is related to the selection of controls, as other 

factors than the exposure of interest, such as age or sex, may be associated with the 

outcome (selection bias). To minimize this kind of bias, one should select the controls 

from the same source population as the cases (e.g., from the same hospital ward). 

Furthermore, as in case-control studies, the proportion between cases and controls is 

determined by the investigator and does not reflect the real proportion among the 

source population, it is not possible to estimate the incidence or prevalence of the 

outcome.8,9 

 

Figure 2: Design of a case-control study. (adapted from «Basicmedical Key»10) 

O
ut
co
m
e 
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Case-Crossover and Cross-Sectional Studies 

In case-crossover studies, the exposure of interest is assessed on the same subject 

and compared during two distinct time periods, the first period immediately before the 

outcome (exposed), and the second period generally further away from the outcome 

(unexposed). Because of this study design, all cases serve as their own controls, with 

the advantage that cases and controls are comparable in most of their characteristics, 

except for the exposure of interest. This design is restricted to testing transient 

exposures with a short latency between exposure and outcome, for example, to 

assess if an intense physical exercise could trigger a myocardial infarction. In addition 

to this restriction, a major limitation of this study design is the potential risk of recall 

bias, as exposure information is often derived from subject interviews and persons 

generally recall better an episode that occurred shortly before a critical event, such as 

an intense physical exercise minutes before a myocardial infarction, than a similar 

episode that occurred months earlier in the absence of any critical event.8 

In contrast, in cross-sectional studies, both exposure and outcome are assessed 

simultaneously for each subject at a certain point in time. The association between 

exposure and outcome can be assessed by comparing the prevalence of the outcome 

within exposed and unexposed subjects or by comparing the prevalence of the 

exposure within people with the outcome and people without. Although cross-sectional 

studies can be very useful to explore possible risk factors for an outcome, their main 

limitation is the inability to establish a temporal relationship between exposure and 

outcome.8 

Because of their simplicity and relatively low resource requirements, case-crossover 

and cross-sectional studies represent an effective method for generating hypotheses 

on possible associations between exposures and outcomes. However, given the 

limitations mentioned, to establish etiologic relationships, it is often necessary to rely 

on case-control or cohort studies.8  
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Quality and Validity of Diagnostic or Screening Tests 

In epidemiology, to characterize the distribution of diseases or assess possible risk 

factors associated with a disease, it is fundamental to distinguish between diseased 

and undiseased individuals within a population. For this purpose, clinical tests or 

screening methods are used in modern medicine praxis. The quality of these 

screening or diagnostic tests is relevant for single patients who want to know whether 

they are suffering from a certain disease but is also crucial for epidemiological studies, 

which should base on solid and reliable data on who is diseased and who is not. Two 

questions need to be answered to assess the quality of a clinical test: “How good is 

the test at identifying people with the disease and how good is the test at identifying 

people without the disease?” To do this, it is necessary to compare the test results 

(positive / negative) with an unequivocal diagnosis or an already validated diagnostic 

method (diseased / undiseased) for the respective disease, namely a gold standard. 

From this comparison, one can distinguish between four different groups: Individuals 

who have the disease and have tested positive (true positive [TP]), individuals who do 

not have the disease and have tested negative (true negative [TN]), individuals who 

do not have the disease but have tested positive (false positive [FP]), and individuals 

who have the disease but have tested negative (false negative [FN]). The ability of the 

test to correctly identify those who have the disease (first question), is defined as 

“sensitivity” and is calculated as the proportion of diseased people (TP + FN) who were 

correctly identified as positive by the test (TP). Otherwise, the ability of a test to 

correctly identify those who do not have the disease (second question), is defined as 

“specificity” and is calculated as the proportion of undiseased people (TN + FP) who 

are correctly identified as negative by the test (TN) (Figure 3).11 
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Figure 3: Comparison between the test result and the true characteristics. (Gordis L.11) 

 

However, in clinical settings, a different kind of question may be much more relevant: 

“If a test result is positive, what is the probability that the positively tested patient has 

the disease?” or “If a test result is negative, what is the probability that the negatively 

tested patient does not have the disease?” The proportion of patients who tested 

positive and actually have the disease is defined as the positive predictive value (PPV) 

and is calculated by dividing the number of true positives (TP) by the total number who 

tested positive (TP + FP). In the same way, the proportion of patients who tested 

negative and actually do not have the disease is defined as the negative predictive 

value (NPV) and is calculated by dividing the number of true negatives (TN) by the 

total number who tested negative (TN + FN).11 

Since the PPV and the NPV are influenced by the prevalence of a disease, they are 

less reliable for assessing the intrinsic quality of a diagnostic test, especially for 

diseases with low prevalence. However, the PPV has the advantage of being 

calculated even in the absence of data on the discernment between true and false 

negatives and is therefore preferred in some validation studies.12 
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Pharmacoepidemiology 

By applying methods used in epidemiology to the content area of clinical 

pharmacology (the study of the effects of drugs in single human individuals), one can 

answer inquiries of pharmacoepidemiology, an applied discipline that aims to study 

the use and the effects of drugs in large populations.9 Pharmacoepidemiology has 

become increasingly important in recent decades due to the growing need for 

regulatory authorities to monitor adverse drug reactions after approval. Post-marketing 

surveillance (phase IV) comprises pharmacovigilance and pharmacoepidemiology 

studies and aims to identify adverse drug reactions that were not identified in phase I-

III clinical trials. Pharmacovigilance studies are based on the collection of spontaneous 

reports of adverse drug reactions. Pharmacovigilance is suitable to collect information 

and formulate hypotheses about unknown and rare drug adverse reactions but is 

inappropriate for the formal quantification of adverse drug reactions. For this purpose, 

pharmacoepidemiology studies are required. Compared to phase I-III clinical trials, 

post-marketing pharmacoepidemiological studies are generally performed in larger 

population-based databases, which allow even the detection of very rare adverse 

events. In addition, these databases enable the detection of adverse events that may 

occur after a long latency period, by comprising sufficient exposure time. Above all, 

they include the real target population of a certain drug, including people who are 

usually excluded from clinical trials for ethical reasons (e.g., children or pregnant 

women).13 Pharmacoepidemiological research is thus able to describe patterns of drug 

use under “real-life” conditions and to quantitatively investigate not only adverse 

reactions but also previously undetected positive effects of drugs.9 
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Rehabilitation 

Definition and Goals 

The rehabilitation process traditionally aimed to facilitate the normalization of human 

functions after injury, disease, or congenital disabilities.14 According to the World 

Health Organization (WHO), rehabilitation “is a process aimed at enabling disabled 

persons to reach and maintain their optimal physical, sensory, intellectual, 

psychological, and social functional levels”. Rehabilitation provides disabled people 

with the tools they need to attain independence and self-determination”.15 Literally, 

rehabilitation means “redressing” (Latin habitat – dress) and can therefore be 

interpreted as “to redress” the original independence and self-determination in the 

existing environment.14 In Switzerland, rehabilitation is based on the model of the 

International Classification of Functioning, Disability, and Health (ICF) (Figure 4).16,17 

This model describes the health situation not only from the perspective of the disease 

but also from a modern and global functional perspective including the personal 

situation in everyday life, work, and society. This is also the key principle to identifying 

problems and needs, and setting rehabilitation goals at the beginning of the 

rehabilitation process.16 

 

 

Figure 4: The ICF rehabilitation model. (adapted from WHO17) 
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The rehabilitation process begins with the assessment of the individual's disability, by 

classifying health-related problems into the following three areas:14 

• Impairments: problems in body function or structure, such as aphasia or motor 

deficits. 

• Activity limitations: difficulties a person may experience in performing activities. 

• Participation limitations: problems a person may encounter in participating in 

everyday life situations. 

Rehabilitation goals are then set to address health-related problems of each specific 

area:16,17 

1. Treating impairments in body function or structure by using specific therapies. 

2. Resolution of activity limitation through the training or the development of functional 

compensation capacities. 

3. Reduction of activity or participation limitations by adapting the environment to the 

patient’s situation, e.g., by using assistive devices. 

4. Planning the therapy based on individual requirements and considering contextual 

factors such as psychosocial and environmental factors. 

5. Teaching preventive strategies (secondary prevention). 

In this sense, rehabilitation is also indicated in chronic diseases and palliative 

situations to maintain the health condition and prevent excessive functional decline.17 

 

To achieve the above-mentioned goals, modern rehabilitation relies on the one hand 

on an interdisciplinary team which includes physicians, nurses, psychologists, 

physiotherapists, occupational therapists, speech therapists, and recreational 

therapists, but on the other hand on the disabled person, which is involved in both 

planning and decision making.16 
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Functional Independence Measure and  
Cumulative Illness Rating Scale 

In the 1980s, the need for a standardized functional assessment measure in 

rehabilitation medicine to assess the degree of dysfunction, disability, or handicap of 

patients, and the effect of rehabilitation, has grown steadily. This need was also 

justified because the Diagnosis Related Groups classification system (DRG) for 

diseases, developed at that time, did not take into account the severity of the diseases 

and consequently the functional impairment degree of patients. The idea focused on 

the development of a systematic score system based on the evaluation of patients' 

capacity, or need of assistance from other people, to perform basic daily activities, 

such as eating or taking care of personal hygiene.18 

For this purpose, in the United States a task force created by the American Congress 

of Rehabilitation Medicine (ACRM), after reviewing numerous publications of 

functional assessment instruments, selected and defined 18 functional assessment 

items (13 motoric and 5 cognitive) and a seven-point rating scale to assess the degree 

of independency for every single item (Figure 5). This instrument was named 

Functional Independence Measure (FIM) and it has been subsequently validated in 

several studies.18 At present, the FIM is systematically and widely used in the 

rehabilitation field to measure patients' rehabilitation progress and also to determine 

reimbursement rates.19 
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Figure 5: The FIM scale rates the degree of independency in 18 activities of daily living (1: total 

assistance; 7: complete independence): 13 motoric items (total score 13–91) and 5 cognitive items 
(total score 5–35). (Tesio L.20) 
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Another instrument routinely used in rehabilitation to measure physical impairment is 

the Cumulative Illness Rating Scale (CIRS). Unlike the FIM, which focuses on the 

patient’s functional capacity regardless of the diagnosed diseases, the CIRS aims to 

measure the impairment degree due to comorbidities. The CIRS rates 13 independent 

organ areas with a four-point rating scale to describe the degree of impairment due to 

a disease (0: none - no impairment to that organ/system; 1: mild - impairment does 

not interfere with normal activity; 2: moderate - impairment interferes with normal 

activity; 3: severe - impairment is disabling; 4: extremely severe - impairment is life-

threatening) (Figure 6).21 The CIRS has been validated in different settings and has 

proven to be a valid indicator of health status among geriatric inpatients.22–24 

 

 

Figure 6: The CIRS rates the impairment degree due to comorbidities based on 13 independent organ 
areas (total score 0–52). (Linn et al.21) 
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Delirium 

Definition and Manifestation 

Delirium is known as an etiologically non-specific organic brain syndrome 

characterized by concomitant disturbances of consciousness, attention, perception, 

thinking, memory, psychomotor behaviors, emotions, and the sleep-wake cycle.25,26 

Delirium may occur with or without pre-existing neurocognitive disorders and may vary 

in duration from several hours to several days and in severity from mild to severe.25,26 

 

Diagnostic criteria for delirium are defined according to the following classification 

systems: 

• The International Classification of Disease, 10th revision (ICD-10) of the WHO.25 

• The Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM-V) 

of the American Psychiatric Association (APA).26 

The ICD-10 distinguishes between the Clinical Diagnostic Guidelines for Clinical 

Practice and the much stricter Diagnostic Criteria for Research and Practice. In 

contrast to the DSM-V, the ICD-10 assigns delirium to two different chapters according 

to the etiology: organic mental disorders and disorders caused by psychotropic 

substances. Both classification systems agree on the three main diagnostic criteria: 

disturbance of attention, cognitive impairment, and acute onset and fluctuating course. 

Disturbance of attention refers to an inability to focus, maintain or shift attention. The 

cognitive impairment includes, in particular, short-term memory impairment, 

disorientation (especially temporal), and perceptual disorders such as illusory 

misperceptions and hallucinations (especially visual). The acute onset is usually 

defined within hours or days, while the fluctuation of symptoms over a single day.27 

Furthermore, the ICD-10 requires the additional presence of the following symptoms 

for a definitive diagnosis: psychomotor disorder, sleep-wake cycle disorder, and 

affective disorder, such as depression, anxiety or fear, irritability, euphoria, apathy, 

and perplexity.27 The ICD-10 classification is therefore stricter, and fewer patients are 

diagnosed with delirium than with the DSM-V criteria.28 The specific criteria for each 

delirium classification system are summarized in Table 1. 
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Table 1: Diagnostic criteria for delirium. (adapted and translated from Savaskan et al.27) 

Feature DSM-V ICD-10 DIAGNOSTIC 
CRITERIA FOR 
RESEARCH AND 
PRACTICE 

ICD-10 DIAGNOSTIC 
GUIDELINES FOR 
CLINICAL PRACTICE 

Disturbance of 
consciousness or 
attention 

Reduced ability to direct, 
focus, sustain and shift 
attention and reduced 
environmental awareness. 

Disturbance of 
consciousness, i.e., reduced 
awareness of surroundings 
with reduced ability to focus, 
maintain, and shift attention. 

Disturbance of 
consciousness (somnolence 
to coma), attention disorder 
(reduced ability to focus, 
maintain, and shift attention). 

Cognitive 
impairment 

Cognitive impairment such 
as memory impairment, 
disorientation, speech 
disorder, visual-spatial 
disorder or perceptual 
disorder. 

1. Impaired short-term 
memory (immediate recall) 
with relatively intact long-
term memory, and  
2. Disorientation to time, 
place, or person 

Global disorders of cognition, 
perceptual disorders such as 
optical hallucinations, 
disturbed perception, 
incoherence, short-term 
memory disorder, temporal 
disorientation, in severe 
cases also in terms of 
location and person 

Psychomotor 
disorder 

Not specified At least one of the following 
characteristics: 
1. Rapid, unpredictable 
change between hypo- and 
hyperactivity. 
2. Prolonged reaction time 
3. Increased or decreased 
fluency of speech 
4. Increased shock response 

Hypo- or hyperactivity and 
unpredictable change 
between the two; prolonged 
reaction time; increased or 
decreased fluency; 
increased shock response. 

Disturbance of the 
sleep-wake rhythm 

Not specified At least one of the following 
characteristics: 
1. sleep disturbance, in 
severe cases complete 
insomnia, with or without 
daytime sleepiness or 
reversal of the sleep-wake 
rhythm. 
2. Nocturnal worsening of 
the symptoms  
3. Nightmares that may 
persist after awakening as 
hallucinations or illusions. 

Sleep disturbances, in 
severe cases complete 
insomnia or reversal of the 
sleep-wake rhythm; 
sleepiness during the day; 
worsening at night. 
Symptomatology: nightmares 
that may persist after 
awakening as hallucinations 
or illusions. 

Affective disorder Not specified Not specified Depression, anxiety, 
irritability, euphoria, apathy, 
or helplessness 

Course Acute onset (usually within 
hours or a few days) and 
fluctuation throughout the 
day 

Sudden onset and change of 
symptom expression during 
the day 

Acute onset, changing in the 
course of the day, total 
duration less than six months 
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Etiology Evidence (from history, 
physical examination, or 
laboratory findings) of a 
physical illness causative for 
the disorder or of substance 
induction (psychotropic 
substances, medication). 

Objective evidence (based 
on history, physical, 
neurological and laboratory 
examinations) of an 
underlying cerebral or 
systemic disease (other than 
psychotropic substances). 

Not specified 

Comment The disorder cannot be 
better explained by a pre-
existing neurocognitive 
disorder or a vigilance 
disorder, such as a coma. 

Affective disorders, such as 
depression, anxiety or fear, 
irritability, euphoria, apathy 
or wondering perplexity, and 
perceptual disorders 
(illusions or hallucinations) 
are typical but not specific to 
the diagnosis. 

Not specified 
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Subtypes 

Delirium is classified into hyperactive, hypoactive, and mixed (Table 2).29 In the case 

of hyperactive delirium, symptoms such as agitation and hallucinations, sometimes 

with aggressive behavior as well as vegetative disorders, are more pronounced. 

Patients can be verbally and physically threatening.30 In hypoactive delirium, however, 

patients are often apathetic, and the symptoms are easily confused with depression. 

In clinical practice, careful and expert observation skills are required to detect its subtle 

feature. Therefore, the hypoactive form of delirium tends to be misdiagnosed and 

patients often fail to receive the necessary interventions.31,32 But even if recognized, 

the hypoactive form has a worse prognosis in terms of mortality than the hyperactive 

form.32 

 

Table 2: Delirium subtypes and symptoms. (adapted and translated from Savaskan et al.27) 

HYPERACTIVE DELIRIUM HYPOACTIVE DELIRIUM MIXED DELIRIUM 
Increased motor activity 
Restlessness 
Wandering 
Agitation, impatience, 
aggressiveness 
Mood swings 
Psychotic symptoms 
Vegetative impairment 

Reduced motor function 
Slowing down 
Passivity 
Apathy 
Maybe psychotic symptoms 

Alternation of 
hyperactive and hypoactive 
symptoms 
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Prevalence, Incidence, and Epidemiology 

Criteria of the DSM-V are generally used to diagnose delirium in clinical practice and 

are exclusively based on subjective clinical observations and not on specific tests or 

laboratory analyses.26 For this reason, the diagnosis of delirium remains challenging, 

and due to the fluctuating nature of various cognitive, behavioral, and psychological 

symptoms, it can often be missed or confused with different psychiatric disorders. 

Among the best-known differential diagnoses of delirium are dementia, depression, 

and status epilepticus.33 This causes great variability in the reported prevalence and 

incidence of delirium within inpatient settings. Depending on the clinical setting and 

the average age of the investigated populations, reported delirium prevalence at 

hospital admission varies between 11% and 25% among patients over 65 years. 

Reported cumulative delirium incidence among non-intensive care inpatients varies 

between 3% and 51%, with a range from 11% to 14% in general medical wards, 20% 

to 29% in the geriatric unit, and 20% to 22% in post-acute care.34–36 The large variation 

in the reported prevalence and incidence of delirium among inpatients highlights the 

heterogeneity in the methodology used to assess delirium. Although delirium is not an 

exclusively nosocomial disease, there are limited data on its prevalence and incidence 

in the outpatient setting. A review among the older general population reported a 

delirium prevalence of 1-2% in persons over 65 years and 10% in persons over 85 

years.37 
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Assessment and Monitoring 

Several assessment or screening tools have been developed and validated over time 

to diagnose delirium or to measure its intensity. Most of these tools are based on 

clinical or trained medical staff observations according to the DSM criteria and only a 

few to the ICD-10 criteria.38 Besides the observation criteria, screening tools differ in 

terms of setting (general medical wards, geriatrics, intentional care, oncology, 

palliative care, neurology, psychiatry, and rehabilitation), assessment method 

(structured questions or simple observation of daily activities), aim (screening, 

diagnosis or assessment of severity) and qualification of raters (physician, nurse or 

lay person).27 For this reason, there is no ideal delirium assessment instrument 

suitable for every situation; instead, the choice should be made according to the 

specific needs and criteria mentioned above. The most common delirium assessment 

tools are summarized in Table 3. 

 

Table 3: Most commonly used delirium assessment tools, their restrictions, and aims.38–43 

DELIRIUM 
INSTRUMENT, YEAR 
OF PUBLICATION 

REQUIRED 
QUALIFICATIONS 
OF RATERS 

VALIDITY OF 
SETTING 

REFERENCE 
CRITERIA 

AIM 

Confusion Assessment 
Method (CAM), 1990 

Trained lay or 
clinical staff 

Various 
medical 
settings (incl. 
rehabilitation) 

DSM-III-R Diagnostic 

Delirium Observation 
Scale (DOSS), 2003 

Nurses without 
specialized training 

General wards, 
palliative care, 
cardiac surgery 

DSM-IV Screening 

Delirium Rating Scale-
Revised-98 (DRS-R-98), 
2001 

Psychiatrically 
trained clinicians 

Various 
medical 
settings (incl. 
rehabilitation) 

DSM-IV Assessment 
of severity 

Memorial Delirium 
Assessment Scale 
(MDAS), 1997 

Trained clinicians Surgical, 
Oncology, 
Palliative care 

DSM-III-R or 
DSM-V 

Assessment 
of severity 
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Pathophysiology and Risk Factors 

The pathogenesis of delirium is usually multifactorial. It can be explained by the model 

of complex interactions between pre-existing, predisposing factors on the one hand 

and acute or sub-acute precipitating factors on the other.44–46 While predisposing 

factors determine the individual vulnerability and thus the underlying risk of a patient 

developing delirium, precipitating factors are the triggers of delirium (Figure 7). In order 

to prevent or treat delirium, it is important to recognize both: the predisposing factors 

to determine the individual risk profile and thus implement appropriate preventive 

measures and the precipitating factors to address them directly and thus treat delirium 

causally.27 

 

 

 

Figure 7: Multifactorial model of the pathogenesis of delirium: the cumulative effect of individual 

predisposing and precipitating factors. Patient A: Low vulnerability (grey base), only a severe acute or 

subacute disturbance (light blue column) triggers delirium. Patient B: High vulnerability, even a relatively 

mild physical or psychological stress factor can trigger delirium. 

(adapted and translated from Savaskan et al.27) 
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Based on several studies (clinical observations in animal models, drug side effects, or 

biomarker studies), it can be assumed that relatively unspecific pathophysiological 

changes in the neurotransmitter and neuroendocrine balances are associated with the 

pathogenesis of delirium.46–49 The cerebral neurotransmitter changes include above 

all a decrease in acetylcholine and an increase in dopamine. Other pathogenetic 

mechanisms, such as neuroinflammatory processes, disruption of the hypothalamic-

pituitary-adrenocortical axis, cerebral hypoperfusion, oxidative stress, and 

mitochondrial dysfunction, also appear to be involved in the promotion of 

neurotransmitter imbalance and neuronal network dysfunction.47,50–52 Similarly, a 

decrease in melatonin secretion, an increase in cortisol, and altered concentrations of 

various inflammatory mediators have been observed in patients with delirium.49 

Depending on predisposing factors, pathophysiological changes may be pre-existing 

at a low, clinically irrelevant level and cumulatively contribute to the risk of delirium 

(Figure 7), or they may also amplify the physiological response to an acute trigger. For 

example, the combination of chronic elevated low-level inflammatory activity 

associated with older age, depression, neurodegenerative or vascular disease, and 

an acute, relatively mild inflammatory stimulus, such as in the case of systemic 

inflammation in urinary tract infections, may be sufficient to affect neurotransmitter 

changes and neuroendocrine alterations and trigger delirium.47,51–53 

 

A large number of risk factors for delirium have been identified within the literature, but 

to date, no study has compared a wide range of risk factors simultaneously. Therefore, 

it is not possible to systematically classify the risk factors according to their weights in 

relation to the others. Existing classifications of delirium risk factors are very 

heterogeneous and depend both on the authors and on the international 

recommendations on which they are based.27 However, most national scientific 

societies agree with the classification of predisposing and precipitating factors 

proposed by Inouye et al. and summarized in Table 4.35 
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Table 4: Predisposing and precipitating factors for delirium according to Inouye et al.35. 

PREDISPOSING FACTORS PRECIPITATING FACTORS 

Demographic characteristics Cumulative use of medication 

Cognitive and physical condition Primary neurological disease 
(i.e., Stroke, meningitis, cerebral hemorrhage) 

Sensory disturbances Infectious and metabolic disease 

Decreased fluid intake Severity of illness 

Polypharmacy Surgical procedures 
(i.e., Orthopedic, cardiac or other interventions) 

Use of psychotropic drugs Pain 

Alcohol abuse Emotional stress 

Comorbidity  
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Prevention and Treatment 

Both prevention and treatment of delirium are based on pharmacological interventions, 

such as drug treatment, and non-pharmacological interventions, such as cognitive 

stimulation or time orientation. 

Current scientific evidence does not support the use of medication to prevent 

delirium.54,55 Some studies have shown a positive effect of haloperidol on the 

incidence and duration of delirium in hospitalized patients.56,57 However, the numerous 

side effects of haloperidol, such as extrapyramidal symptoms or QT-prolongation, 

preclude safe preventive use in patients at risk of delirium.58 Several studies, including 

a RCT, have shown possible efficacy in preventing delirium for melatonin or the 

melatonin receptor agonist ramelteon.59–62 Melatonin is an endogenous hormone 

involved in circadian rhythms and the sleep-wake cycle. Abnormal melatonin secretion 

found in elderly patients with postoperative delirium may suggest an implication in the 

pathophysiology of delirium and support the protective effect of melatonin 

supplementation.63 However, this effect seems confined to surgical and ICU patients, 

and the dosage, as well as the duration of the melatonin supplementation, remains 

unclear.64,65 For these reasons, and despite its favorable side effects profile, the 

prophylactic use of melatonin in high-risk delirium patients remains a pragmatic and 

individual decision of the clinical staff. 

Non-pharmacological interventions to prevent delirium are generally based on 

identifying and reversing potential precipitating delirium factors and mitigating 

environmental triggers. A recent Cochrane review identified 22 randomized controlled 

trials (RCTs) that compared multi-component non-pharmacological interventions, 

such as daily observation, early mobilization, cognitive stimulation, reorientation, or 

prevention of hypoxemia, dehydration, malnutrition, and constipation, to standard 

care. The authors concluded that non-pharmacologic approaches reduced the 

incidence of delirium by around 43% across all hospital settings (excluded ICU), while 

no difference was found in mortality.66 

 

The treatment of delirium is divided into causal therapy and symptomatic therapy. 

Causal therapy consists of attempting to remove a delirium precipitating factor, such 

as treating an infection or adjusting an electrolyte imbalance, whereas symptomatic 

therapy aims to combat the symptoms of delirium and is almost limited to the treatment 
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of psychosis associated with hyperactive delirium. Although causal therapy is 

preferable to symptomatic therapy, it is often not possible to identify the trigger factor 

of delirium or there is a need to quickly interrupt the patient's psychosis due to the risk 

of self-harm, in which case symptomatic therapy plays a primary role. 

While several drug classes have been studied, the scientific evidence for the 

symptomatic treatment of delirium remains limited and controversial. Antipsychotics, 

whose effects are mediated, depending on generation, by blockade of brain dopamine 

and serotonin receptor pathways, are the preferred drug class for the symptomatic 

treatment of delirium in many international guidelines.27,67–69 First-generation 

antipsychotics (e.g., haloperidol, chlorpromazine) are mainly used against psychosis, 

hallucinations, and agitation, while second-generation antipsychotics, which act 

mainly on serotonin receptors, are preferred to treat emotional and social withdrawal.70 

However, these effects have mainly been observed in subjects with schizophrenia. 

Evidence on the therapeutic efficacy of antipsychotics in delirious patients is still 

limited. Two recent systematic reviews including several RCTs found no differences 

for antipsychotics, compared to placebo, in the length of stay at the hospital, delirium 

duration and mortality, and insufficient or no evidence regarding the effect on cognitive 

function and delirium severity.54,70 Moreover, the use of antipsychotics is associated 

with potentially serious side effects such as cardiac arrhythmias or extrapyramidal 

symptoms, and above all increased all-cause mortality in elderly patients.71,72 For 

these reasons, an increasingly careful approach to the use of antipsychotics, with low 

dosages and time-limited duration of therapy, is suggested in more recent 

guidelines.73,74 At present, the substance with the most evidence, clinical experience, 

and even an official indication for the acute treatment of delirium by the Swiss authority 

for the authorization and supervision of therapeutic products (Swissmedic) is 

haloperidol.74,75 Atypical antipsychotics such as quetiapine, with a more favorable side 

effect profile, are recommended only in case of contraindications for the use of 

haloperidol such as Parkinson's disease.74 

Benzodiazepines are used as the first-line therapy in the treatment of withdrawal 

delirium among patients with addiction disorders. Since they can cause delirium 

themselves, or worsen existing symptoms, the use of these drugs to treat delirium 

outside the indication of addiction disorders is not recommended.67,76,77 

As acetylcholine is considered to play a role in the pathogenesis of delirium,78 some 

studies have investigated the efficacy of cholinesterase inhibitors in the treatment of 
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delirium, especially in patients with dementia.79–82 Although some results suggested a 

long-term preventive effect of cholinesterase inhibitors on delirium among patients 

with dementia, the use of this drug class is no longer recommended for the treatment 

of delirium due to the increased mortality observed in patients treated with rivastigmine 

in a RCT.81 
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Delirium During Inpatient Rehabilitation 

During inpatient rehabilitation, certain patients are at high risk for delirium due to the 

combination of predisposing and precipitating factors, such as age, immobilization, 

multiple medications, and postoperative or post-intensive care status.35 Delirium is 

present in approximately one-third of stroke patients admitted to an inpatient 

rehabilitation unit, and is associated with increased mortality and functional 

decline.83,84 Because delirious patients are unable to fulfill the intensive and 

interdisciplinary therapy schedule, they often experience prolonged rehabilitation 

stays and unfavorable rehabilitation outcomes, such as reduced autonomy or further 

institutionalization after discharge.83,85–87 These clinical consequences cause 

exorbitant additional costs to inpatient rehabilitation facilities and the whole healthcare 

system each year.84 Furthermore, patients affected by delirium suffer from a sudden 

change in reality, accompanied by feelings of intense fear, panic, loneliness, 

helplessness, and anger.88 Up to 85% of patients affected remember their delirium 

experience with unpleasant feelings and sometimes shame about their behavior, and 

some can also develop post-traumatic stress disorder.89,90 Delirium can therefore be 

a dramatic and stressful situation not only for the affected patients but also for their 

families. 

Despite the high prevalence of delirium and its negative impact on patient outcomes 

and costs within inpatient rehabilitation settings, the implementation of appropriate 

screening and management of delirium remains rare.91 Delirium often remains 

undiagnosed and delirious patients are therefore unable to receive specific measures, 

such as non-pharmacological interventions that have been demonstrated to be 

effective.35,67 Oh-Park et al. identified six specific causes for the lack of delirium 

awareness in inpatient rehabilitation settings: 1) a subjective difficulty in using delirium 

screening instruments, 2) the assumption that mental confusion is normal in the 

elderly, 3) limited resources and frequent staff turnover among the medical staff, 4) 

suboptimal management of priorities by the multidisciplinary leadership, 5) an 

ineffective communication between staff members of different disciplines, and 6) an 

inadequate documentation system that fails to assess the positive impact of delirium-

specific interventions.91 
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Aims of the Thesis 

 

Delirium represents a common problem for patients and caregivers during inpatient 

rehabilitation. In this setting, delirium has been often associated with longer 

rehabilitation periods, increased costs, and reduced functional rehabilitation 

outcomes.83,85,86,92–94 However, the knowledge about specific risk factors that might 

facilitate the identification of patients who are susceptible to delirium during inpatient 

rehabilitation remains limited. 

 

The primary aim of this thesis was to identify risk factors for incident delirium during 

inpatient rehabilitation. Furthermore, this thesis aimed to describe the impact of 

delirium on functional rehabilitation outcomes and length of rehabilitation stay. Also, it 

aimed to develop a clinical prediction model based on parameters available on 

admission to inpatient rehabilitation that can quantify the risk of a specific patient of 

developing incident delirium during rehabilitation. For this purpose, this thesis was 

structured into three projects, with data based on a collective of approximately 10’000 

patients who underwent inpatient rehabilitation at ZURZACH Care, Rehaklinik Bad 

Zurzach, an inpatient rehabilitation clinic in Switzerland. Patients’ characteristics such 

as age, sex, rehabilitation discipline, and length of stay, as well as clinical data such 

as diagnoses, administered drugs, and functional scores, had already been 

systematically recorded in electronic health records (EHRs). However, incident 

delirium episodes had not been documented within these EHRs. 

 

The first project of the thesis aimed to i) develop a chart-based method to detect 

incident delirium episodes within the EHRs, based on the approach of identifying 

delirium predictive key words (common terms used to describe delirious patients) in 

medical notes, ii) validate this method by conducting an expert review of the detected 

patients’ charts as a gold standard, and iii) identify a population of validated incident 

delirium episodes within the EHRs of ZURZACH Care for further research purposes. 
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The second project of the thesis aimed to investigate the association between incident 

delirium during inpatient rehabilitation and a wide range of possible risk factors such 

as sex, age, rehabilitation discipline, functional scores, prevalent diseases or 

conditions, and administered drugs. Furthermore, this project aimed to describe the 

clinical implications of patients who developed delirium and of patients who did not. 

For these purposes, an exploratory case-control study was conducted, based on the 

EHRs of ZURZACH Care and considering the population of incident delirium episodes 

that were validated in the first part of the thesis as cases. 

 

The third project of the thesis aimed to develop a clinical prediction model able to 

estimate the risk of developing incident delirium of a specific patient during inpatient 

rehabilitation, based on predictors available at admission, such as sex, age, 

rehabilitation discipline, functional scores, prevalent diseases or conditions, and 

medication history. Parameters included in the development of the model were 

selected according to the risk factors identified in the case-control study (second 

project), further evidence from the literature, and clinical expertise. 
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Abstract 

 

Background 

Delirium is a brain condition associated with poor outcomes in rehabilitation. It is 

therefore important to assess delirium incidence in rehabilitation. 

 

Purpose 

To develop and validate a chart-based method to identify incident delirium episodes 

within the electronic database of a Swiss rehabilitation clinic, and to identify a study 

population of validated incident delirium episodes for further research purposes. 

 

Design 

Retrospective validation study. 

 

Settings 

Routinely collected inpatient clinical data from ZURZACH Care. 

 

Participants 

All patients undergoing rehabilitation at ZURZACH Care, Rehaklinik Bad Zurzach 

between 2015 and 2018 were included. 

 

Methods 

Within the study population, we identified all rehabilitation stays for which ≥2 delirium-

predictive key words (common terms used to describe delirious patients) were 

recorded in the medical charts. We excluded all prevalent delirium episodes and 

defined the remaining episodes to be potentially incident. At least two physicians 

independently confirmed or refuted each potential incident delirium episode by 

reviewing the patient charts. We calculated the positive predictive value (PPV) with 

95% confidence interval (95% CI) for all potential incident delirium episodes and for 

specific subgroups. 
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Results 

Within 10,515 rehabilitation stays we identified 554 potential incident delirium 

episodes. Overall, 125 potential incident delirium episodes were confirmed by expert 

review. The PPV of the chart-based method varied from 0.23 (95% CI 0.19–0.26) 

overall to 0.69 (95% CI 0.56–0.79) in specific subgroups. 

 

Conclusions 

Our chart-based method was able to capture incident delirium episodes with low to 

moderate accuracy. By conducting an additional expert review of the medical charts, 

we identified a study population of validated incident delirium episodes. Our chart-

based method contributes towards an automated detection of potential incident 

delirium episodes that, supplemented with expert review, efficiently yields a validated 

population of incident delirium episodes for research purposes. 
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Introduction 

Delirium is an etiologically nonspecific organic cerebral syndrome characterized by 

concurrent disturbances of consciousness, attention, perception, thinking, memory, 

psychomotor behavior, emotion, and the sleep-wake cycle.26,96 Delirium can occur 

with or without pre-existing neurocognitive disorders and can vary in duration and 

severity.96 

Despite the fact that delirium has been associated with increased mortality in the 

rehabilitation setting as well as an increased risk for post-surgery and post-hospital, 

long-term consequences, to date, only few studies have assessed incidence and 

prevalence of delirium and associated risk factors in this setting.92,93,97–102 This may 

primarily be explained by the lack of validated methods to identify delirium during 

rehabilitation. Consequently, the prevalence of delirium in electronic real-world 

databases, including rehabilitation databases which could be used to conduct 

observational studies, was reported to be severely underestimated.35,103 

Due to its highly fluctuating nature and several differential diagnoses with similar key 

symptoms, diagnosing delirium in inpatients is challenging.104 Validated screening 

tools, such as the Confusion Assessment Method (CAM), have been developed to 

detect delirium in several inpatient settings.38,40,105 However, as these tools are 

insufficiently validated in the rehabilitation setting, require specialized training and are 

time-consuming, standardized delirium screening in rehabilitation has remained 

rare.91 Inouye et al.106 proposed a different approach to identify potential delirium 

episodes based on systematic screening of inpatients’ medical charts, which was 

validated on a general medicine ward and subsequently used in several 

studies.97,107,108 Another study compared the chart-based approach with the 

prospective interview-based screening instrument CAM and suggested that the chart-

based method was more likely to detect delirium episodes occurring outside the 

screening-times of interview-based methods, but less likely to detect hypoactive forms 

of delirium.109 However, the key advantage of the chart-based method is its 

retrospective character, which allows the detection of potential delirium episodes by 

screening pre-existing clinical data. 

Furthermore, Puelle et al.110 published a list of delirium predictive key words, which, 

combined with the method of Inouye, may serve as a starting point for developing an 

automated chart-based method to detect delirium episodes within a database of 
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electronic medical records. A similar automated chart-based method to detect patients 

with dementia was already developed and validated.111 

ZURZACH Care is a Swiss group of hospitals and outpatient institutions specialized 

in inpatient and outpatient rehabilitation and prevention. Patient data have been 

recorded electronically since 2015 and comprise patient demographics, free-text 

medical notes, administered drugs, diagnoses and laboratory values. This data may 

be used to perform observational studies to better understand the incidence of delirium 

and related risk factors in the rehabilitation setting. 

The first aim of this study was to develop an automated chart-based method to identify 

potentially incident delirium episodes within the electronic database of ZURZACH 

Care, based on the approach of identifying delirium predictive key words in the medical 

charts of patients. Secondly, this study aimed to i) validate this method by calculating 

the positive predictive value (PPV) of the chart-based method compared to confirmed 

incident delirium episodes and ii) to compare the percentage of through expert review 

identified confirmed incident delirium episodes with the percentage of recorded 

delirium discharge diagnoses in the claims data. Thirdly, this study aimed to identify 

validated incident delirium episodes within the ZURZACH Care database for further 

research purposes, as example to get insights into clinical implications of delirium. 
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Materials and Methods 

Data Source and Study Design 

We conducted a validation study based on data derived from the electronic clinical 

database of ZURZACH Care between 2015 and 2018. Charts comprise patient 

demographics such as date of birth, sex and patient identification number, and 

inpatient care data such as case number (assigned per rehabilitation stay), 

rehabilitation program, and admission and discharge dates. During inpatient care, 

subjective and objective observations of nurses, physicians and therapists are 

documented as free-text medical notes, including date and time. Additionally, drug 

prescriptions including brand name, ATC-code112, dosage, posology, time of 

prescription start, stop and administration are also documented. At admission, all 

diagnoses deriving from the former care provider (i.e., acute hospital) are documented 

as free-text in the electronic clinical database, while at discharge, pre-existing and new 

diagnoses are coded within the ICD-10 classification system96 and archived as claims 

data. 

Study Population 

We included all patients who underwent ≥1 rehabilitation stay in angiology, cardiology, 

neurology, rheumatology, orthopaedics or headache or pain programs at the 

ZURZACH Care, Rehaklinik Bad Zurzach, Switzerland, between 1 January 2015 and 

31 December 2018. We considered each single rehabilitation stay of patients who 

were referred to inpatient rehabilitation several times during the study period. 

Identification and Classification of Potential Incident Delirium Episodes 

We performed the process to identify potential incident delirium episodes and to 

classify them in two steps: in a first step, experts performed review on a sample of 

identified episodes. The knowledge gained in the sample review was implemented to 

improve the identification accuracy for the main review (second step). 

Sample Review 

Within the study population, we identified all rehabilitation stays with ≥1 recorded 

delirium predictive key word in the free-text medical notes (henceforth called “potential 
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delirium episodes”). We defined delirium predictive key words (henceforth abbreviated 

“key words”) as the German translation of any of the terms reported in the study of 

Puelle et al.110 plus additional common terms used to describe patients experiencing 

delirium in the acute neurorehabilitation unit of ZURZACH Care. Additional terms were 

identified based on independent interviews with the head nurse of this unit and the 

medical director of neurology of ZURZACH Care. The resulting list of key words is 

provided in Table 5A. 

We defined the date of the first key word record during a potential delirium episode as 

the index date. As we intended to validate algorithms to capture incident delirium 

episodes during rehabilitation, we excluded all rehabilitation stays whose admission 

date was the same date as the index date, or whose free-text admission diagnoses 

comprised the terms for delirium used in German language (“Delir” or “Delirium”). 

Among the identified potential incident delirium episodes, we randomly selected a 

sample of 100 episodes for review by two medical experts, a senior neurologist and a 

junior physician, both working in a neurological rehabilitation unit of ZURZACH Care. 

To achieve a standardized approach to the review process, we performed two specific 

training sessions with the experts, where they defined common evaluation strategies 

for the classification of potential delirium episodes. 

For the review, profiles comprised the admission date and a chronological list of all 

medical notes registered at and after the index date. To limit the risk of observer bias 

by the experts due to identification of patients and recollection of associated medical 

events, we replaced the patient identification number and the case number by a 

neutral identification number in the profiles. 

Based on clinical knowledge and pre-defined evaluation strategies, both physicians 

independently classified each potential incident delirium episode as “confirmed 

incident delirium episode”, “no incident delirium episode”, or “uncertain incident 

delirium episode”. If the classification was discordant between the two physicians, they 

had to find a verbal consensus (“confirmed incident delirium episode” or “no incident 

delirium episode”). Because our rehabilitation database lacks validated delirium 

screening results, and as the diagnosis of delirium in inpatients is often based on 

subjective clinical observations rather than on biological markers, we considered 

expert review to be the most accurate and feasible way to classify potential delirium 

episodes. 
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Main Review 

As a result of the sample review, we identified terms within the initial list of key words 

(Table 5A) that were not specific enough for delirium detection, namely “unruh…” 

(German abbreviation for “restless”) because this term was often used to describe 

patients who were nervous or agitated for reasons other than delirium (e.g., argument 

with the roommate) or “orient…”, “kooperat…” (German abbreviations for “oriented” 

and “cooperative”) because these terms often referred to fully oriented and 

cooperative patients. Therefore, we excluded the term “unruh…” and we added a 

negation to the other two terms, i.e., substituted “orient…” by “nicht (…) orient…” 

(German abbreviation for “not oriented”) and “kooperat…” by “nicht (…) kooperat…” 

(German abbreviation for “not cooperative”). Table 5B provides the modified list of key 

words used for the main review. The sample review also demonstrated that the 

reviewers required ≥2 key words (instead of ≥1) to evaluate the characteristic 

fluctuation of delirium. Moreover, they required knowledge on antipsychotic, anxiolytic 

or hypnotic drugs (ATC-Codes: “N05Axxx”, “N05Bxxx”, “N05Cxxx”) prescribed within 

12 hours before, at, or at any time after the index date and a potential pre-existing 

diagnosis of dementia (ICD-10 Codes F00 to F03 incl. subgroups), because the 

differentiation between dementia, delirium and delirium superimposed on dementia or 

other psychoses is considered very challenging, and above-mentioned clinical data 

were required to distinguish between these diagnoses.113 

For the main review, we therefore identified all rehabilitation stays within the initial 

population with ≥2 key words as defined by the modified list of key words (Table 5B). 

Within this revised population of potential delirium episodes, we defined the index date 

and excluded non-incident episodes as described under “Sample review” above. 

Based on clinical knowledge and pre-defined evaluation strategies, the same two 

physicians who performed the sample review independently classified each potential 

incident delirium episode identified for the main review as “confirmed incident delirium 

episode”, “no incident delirium episode”, or “uncertain incident delirium episode”. If the 

classification was discordant, a second senior neurologist independently reviewed the 

concerned profiles. In these cases, if the classification of the first and the second 

senior neurologist was concordant, the classification of the junior physician was 

overruled. If the classification between the two senior neurologists was discordant, 
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they had to discuss each single potential delirium episode until they found a verbal 

consensus. 
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Table 5: List of delirium predictive key words. 

A) B) 

agress* agress* 

aggress* aggress* 

delir* delir* 

desorient* desorient* 

durcheinand* durcheinand* 

halluzin* halluzin* 

klingelmatte klingelmatte 

konfus* konfus* 

unkoperat* unkoperat* 

unkooperat* unkooperat* 

nestel nestel 

orient* nicht (...) orient* 

koperat* nicht (...) koperat* 

kooperat* nicht (...) kooperat* 

unruh*  

verwirr* verwirr* 

A) Key words derived from the literature and translated to German (bold) and further common 

German terms used to describe patients experiencing delirium.  

B) Modified list of delirium predictive key words after the sample review. 

* indicates possible different endings. (…): any 0 to 12 characters. 
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Identification of Recorded Delirium Discharge Diagnoses within the Claims Data 

Within the initial study population, we identified all rehabilitation stays with a recorded 

discharge diagnosis of delirium (ICD-10: "F05.xx") within the claims data. The 

identified rehabilitation stays comprising a discharge diagnosis of delirium were then 

compared with the incident delirium episodes confirmed by the medical experts. 

Statistical Analysis 

We calculated the overall PPV with 95% confidence interval (95% CI) of the described 

algorithm to identify incident delirium episodes during rehabilitation by dividing the 

number of (by expert review) confirmed delirium episodes (true positive) by the 

number of initially identified potential delirium episodes (true positive + false positive). 

Furthermore, we calculated PPVs with 95% CI of different groups of identified potential 

delirium episodes according to the number of recorded key words (≥2; ≥3; ≥4; ≥5; ≥6; 

≥7; ≥8; ≥9; ≥10) with or without the administration of ≥1 antipsychotic drug (ATC Codes 

N05Axxx) within 12 hours before, at, or at any time after the index date and according 

to the rehabilitation discipline. 
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Results 

Between 1 January 2015 and 31 December 2018, we identified 9’406 patients who 

had a total of 10’515 rehabilitation stays. Baseline characteristics of the study 

population, median length of rehabilitation stay, and rehabilitation disciplines are 

reported in Table 6 Within this population we identified 4’910 rehabilitation stays 

(46.7% of all stays) with ≥1 key word by applying the initial key words list (Table 5A) 

for the sample review (the results of the sample review are illustrated on Figure 8a). 

By applying the modified key words list (Table 5B) we identified 1’823 rehabilitation 

stays (17.3% of all stays) for the main review. We excluded 314 rehabilitation stays 

because the index date corresponded to the admission date, 230 because the terms 

„Delir“ or „Delirium“ were comprised within the free-text admission diagnoses, and 725 

because only 1 key word was recorded in the medical notes. This left us with 554 

(5.3% of all stays) potential incident delirium episodes for experts’ review, 53 episodes 

(9.6%) of patients with dementia, and 501 (90.4%) without dementia (Figure 8b). 

Overall the two experts agreed in the classification of 405 episodes (93 classified as 

incident delirium episodes and 312 as no incident delirium episodes), and disagreed 

in the classification of 149 episodes (70 were classified as incident delirium episodes 

only by the senior neurologist, 69 were classified as incident delirium episodes only 

by the junior physician, and 10 were classified as uncertain by one of the two medical 

experts, and as no incident delirium episodes by the other) resulting in an agreement 

in 73.1% episodes. The patient profiles of the 149 episodes for which the two experts 

disagreed were reviewed by the second senior neurologist. For 49 episodes (32.9%), 

the two senior neurologists agreed on the classification and overruled the classification 

of the junior physician, while for 100 episodes (67.1%), the two senior neurologists 

had to reach a verbal consensus on the classification. Table 7 shows that 125 potential 

delirium episodes were classified as incident delirium episodes and 429 as no incident 

delirium episodes, resulting in a PPV of 0.23 (95% CI 0.19-0.26). Considering subjects 

with ≥6 recorded key words only, the PPV increased in those without or with ≥1 

administered antipsychotic drugs within 12 hours before, at, or at any time after the 

index date, to 0.55 (95% CI 0.46-0.64) and 0.69 (95% CI 0.56-0.79), respectively. 

Table 8 shows that both the PPV and the cumulative delirium incidence were highest 

among the rehabilitation discipline neurology, although differences of PPVs between 

rehabilitation disciplines and overall were small and statistically not significant. 
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Within the initially identified 10’515 rehabilitation stays, we identified 111 stays (1.1%) 

for which a discharge diagnosis of delirium was recorded in the claims data. Of these, 

12 (10.8%) stays corresponded to an incident delirium episode confirmed by the 

medical experts.



 

 
Figure 8: Selection and review process of potential incident delirium episodes within the initial population of rehabilitation stays. 

a) Identification of patients based on the original delirium predictive key words list for the sample review (Table 5A) 

b) Identification of patients based on the modified delirium predictive key words list for the main review (Table 5B)



Table 6: Baseline characteristics of the study population. 

 Study population (n = 10'515) 

Male 4683 (44.54 %) 

Median length of stay in days (IQR) 22 (10) 

Median age at admission in years (IQR) 70 (23) 

Age at admission, years  

< 40 700 (6.66 %) 

40-49 822 (7.82 %) 

50-59 1684 (16.02 %) 

60-69 1925 (18.31 %) 

70-79 2913 (27.70 %) 

80-89 2238 (21.28 %) 

> 90 233 (2.22 %) 

Rehabilitation discipline  

Angiology 631 (6.00 %) 

Cardiology 1127 (10.72 %) 

Headache program 450 (4.28 %) 

Neurology 3458 (32.89 %) 

Orthopedics 2964 (28.19 %) 

Pain program 510 (4.85 %) 

Rheumatology 1095 (10.41 %) 

Others 280 (2.66 %) 

IQR: interquartile range. 
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Table 7: Number of potential and confirmed incident delirium episodes with positive predictive values 

(PPV) and 95% confidence intervals (95% CI) by number of recorded delirium predictive key words and 

by administration of at least one antipsychotic drug within 12 hours before, at, or at any time after the 

index date. 

Number of delirium 
predictive key words 

≥ 1 antipsychotic 
drug 

after index date 

Potential 
incident delirium 

episodes 

Classified 
incident delirium 

episodes 
PPV (95% CI) 

≥ 2 
No 554 125 0.23 (0.19 - 0.26) 

Yes 152 80 0.53 (0.45 - 0.61) 

≥ 3 
No 312 100 0.32 (0.27 - 0.37) 

Yes 110 63 0.57 (0.48 - 0.67) 

≥ 4 
No 197 85 0.43 (0.36 - 0.50) 

Yes 88 57 0.65 (0.55 - 0.75) 

≥ 5 
No 141 68 0.48 (0.40 - 0.57) 

Yes 68 46 0.68 (0.56 - 0.79) 

≥ 6 
No 105 58 0.55 (0.46 - 0.65) 

Yes 61 42 0.69 (0.57 - 0.81) 

≥ 7 
No 78 43 0.55 (0.44 - 0.66) 

Yes 51 33 0.65 (0.51 - 0.78) 

≥ 8 
No 61 33 0.54 (0.41 - 0.67) 

Yes 42 27 0.64 (0.49 - 0.79) 

≥ 9 
No 53 29 0.55 (0.41 - 0.69) 

Yes 38 24 0.63 (0.47 - 0.79) 

≥ 10 
No 42 22 0.52 (0.37 - 0.68) 

Yes 30 18 0.60 (0.41 - 0.79) 
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Table 8: Number of rehabilitation stays, potential and confirmed incident delirium episodes, cumulative 

delirium incidence and positive predictive values (PPV) with 95% confidence intervals (95% CI) by 

rehabilitation discipline and overall. 

Rehabilitation  
discipline 

Rehabilitation 
stays 

Potential 
incident 
delirium 
episodes 

Classified 
incident 
delirium 
episodes 

Cumulative  
delirium  
incidence 

PPV (95% CI) 

Cardiology 1127 31 6 0.53 % 0.19 (0.04 - 0.35) 

Neurology 3458 343 89 2.57 % 0.26 (0.21 - 0.31) 

Orthopedics 2964 111 19 0.64 % 0.17 (0.10 - 0.24) 

Others** 2966 69 11 0.37 % 0.16 (0.07 - 0.25) 

 10515 554 125 1.19 % 0.23 (0.19 - 0.26) 

**: Angiology, Headache program, Pain program, Rheumatology, others. 
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Discussion 

Our chart-based method was able to detect 554 potential incident delirium episodes 

within 10’515 rehabilitation stays (5.3%) in the ZURZACH Care database between 

2015 to 2018. Among these, only 125 (1.2% of all stays, 22.6% of identified potential 

incident delirium episodes) episodes were confirmed as incident delirium episodes by 

expert review, resulting in a low to moderate accuracy of our chart-based method. The 

PPV of the method varied from 0.23 (95% CI 0.19-0.26) for potential episodes with ≥2 

recorded delirium predictive key words to 0.69 (95% CI 0.56-0.79) for potential 

episodes with ≥6 recorded key words and ≥1 recording of an administrated 

antipsychotic drug. The increase of the PPV was inversely related to the absolute 

number of identified incident delirium episodes. Considering only the rehabilitation 

discipline neurology, our method detected 343 (9.9% of all stays) potential incident 

delirium episodes. Among these, 89 (2.6% of all stays) episodes were confirmed as 

incident delirium episodes by expert review, resulting in PPV of 0.26 (95% CI 0.21-0-

31). Both the proportion of detected potential incident delirium episodes and the PPV 

were higher in the neurology discipline than in non-neurological disciplines. However, 

it is important to emphasise that the PPV is dependent on the incidence or prevalence 

of a disease, and in this case, the incidence of delirium in neurology was about 5 times 

higher than in non-neurological disciplines. We found that for 1.1% of all rehabilitation 

stays, a discharge diagnosis of delirium was recorded in the claims data after the 

rehabilitation stay. Although this percentage seems similar to the proportion of 

confirmed incident delirium episodes in expert review (1.2%), the comparison of the 

single stays demonstrated a low concordance between the two groups. Only 10.8% of 

the identified rehabilitation stays with a discharge diagnosis of delirium corresponded 

to an incident delirium episode. Overall, we identified a study population of 125 

validated delirium episodes. 

The low to moderate accuracy of our chart-based method may be explained by the 

similar clinical manifestation of delirium with other neurological impairments due to 

pathologies such as stroke, status epilepticus, or dementia. These differential 

diagnoses result in the recording of similar key words as delirium and therefore have 

been captured as well by the chart-based method. Because such differential 

diagnoses are more common within neurologic rehabilitation, our thesis is supported 

by the higher proportion of ‘no incident delirium episodes’ (false positives) within this 
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discipline (254 out of 3458 stays [7.3%]) compared to the other rehabilitation 

disciplines (175 out of 7057 [2.5%]). Differentiation between delirium episodes and 

differential diagnoses of delirium was only possible during the experts’ review process. 

Depending on the clinical setting and the average age of the investigated populations, 

reported delirium incidence for non-intensive care inpatients vary between 3% and 

51%.35,36,114 Considering these data, the 1.2% of confirmed incident delirium episodes 

that we observed within all rehabilitation stays was lower than expected but may be 

explained by considering the differences in studied populations and methodologies. 

We assessed the incidence of delirium in a rehabilitation setting across all age groups 

(around 50% of our study population was < 70 years old), whereas most previous 

studies assessed the incidence of delirium only in elderly populations (> 65 years old) 

and non-rehabilitation settings.35,36,103 Additionally, most of the previous studies that 

were summarized in systematic reviews did not assess the patients’ history of delirium 

or assessed delirium symptoms at admission, which, due to the transient nature of 

delirium, may have led to inclusion of prevalent delirium episodes.35,36 We placed 

emphasis on detecting only new episodes of delirium by excluding those stays already 

comprising a record of a delirium diagnosis or key words at admission date (5.2% of 

all rehabilitation stays). Finally, the large variation in the incidence of delirium reported 

in pre-existing literature is questionable and highlights a considerable heterogeneity 

in the methodology used to assess delirium. 

The low concordance between the rehabilitation stays with a discharge diagnosis of 

delirium recorded in the claims data and those with an incident delirium episode 

confirmed by the medical experts might have different reasons. First, some discharge 

diagnoses may originate from diagnoses made during the acute care hospitalisation 

prior to rehabilitation start. Second, unlike in the acute setting, where the focus is on 

diagnosis, the focus in rehabilitation is set on therapeutic aspects. Third, because 

reimbursement rates in Swiss rehabilitation are currently independent of new 

diagnoses made during rehabilitation, there is no direct financial interest to transfer 

new diagnoses, such as delirium, into the claims data. This result demonstrates that 

claims data are unsuitable to identify incident delirium episodes within such a 

database. This is compatible with a previous study, in which only 18% of all patients 

with assessed delirium, based on the prospective interview-based screening 

instrument CAM, also had a discharge diagnosis of delirium recorded in the claims 

data.115 In addition, the percentage of rehabilitation stays with a discharge diagnosis 
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of delirium recorded in the claims data was considerably lower than the delirium 

prevalence range reported in the literature, supporting the thesis that the prevalence 

of recorded delirium diagnoses in electronic real-world databases is severely 

underestimated.35,103 

We compared our results with those of Inouye et al.106 who developed and 

prospectively validated a similar chart-based delirium detection method within 919 

inpatients of a general medicine ward, achieving a PPV of 0.39 (95% CI 0.32-0.45) by 

comparing the chart-based method to the validated interview-based instrument CAM. 

In contrast to our method, the chart-reviewers manually searched for potential delirium 

episodes, whereby they not only searched for delirium key terms but also for any 

evidence of “acute confusional state” presents in all sections of the patient chart. In 

addition, they were able to calculate a sensitivity of 0.74 (95% CI 0.65-0.81) and a 

specificity of 0.83 (95% CI 0.80-0.86) of the chart-based method. Thus, although the 

sensitivity and specificity of their method was adequate, the PPV was not much higher 

than the overall PPV we calculated in our study, because of the low delirium 

prevalence in their study population. Because we did not review rehabilitation stays 

for which no key words were recorded in the medical notes (and therefore did not 

assess true negative or false negative episodes), we were not able to calculate the 

sensitivity and specificity of our method. Therefore, although the two studies had 

different aims, a different design and a different setting, the results of both studies 

demonstrate the limited suitability of clinical databases to detect delirium 

retrospectively, based exclusively on notes of evidence of confusional state. 

The following limitations of our study have to be mentioned. First, the detection of 

potential incident delirium episodes was based on identification of defined key words 

recorded in medical notes. The recording of medical notes is a non-standardized 

procedure and affected by interpersonal, interprofessional and interdisciplinary 

heterogeneity, as shown by the lower PPV within non-neurological disciplines. 

Therefore, in case of insufficient recording or use of non-considered key words, we 

could have missed some delirium episodes. We tried to limit this issue by reviewing 

medical notes of all rehabilitation staff including other specialists or therapists. 

Second, because the clinical manifestation of delirium is, as already mentioned, 

similar to other neurological impairments due to pathologies such as stroke, status 

epilepticus, or dementia, some key words were not specific enough to differentiate 

between delirium and its differential diagnoses. We attempted to improve the PPV of 
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delirium diagnosis by considering only potential delirium episodes that were 

accompanied by records of antipsychotic drug administration shortly prior or at any 

time after the first registered key word, as this class of drugs is often used to treat 

delirium in clinical practice. While this approach led to a moderate improvement of the 

PPV, it especially led to a loss of chart-review confirmed incident delirium episodes for 

which no antipsychotics were prescribed. This indicates a non-specific use of 

antipsychotic drugs in clinical practice, and that not every delirium episode is treated 

with antipsychotic drugs, but also with behavioural and environmental interventions. 

Third, because our method relies on the records of behavioural observations in 

medical notes, less noticeable episodes of hypoactive delirium could have been 

missed. Fourth, although we consider the review of at least two independent and 

specifically trained medical experts suitable to validate delirium episodes based on 

medical charts, their expertise remains subjective, as shown by the moderate 

concordance during the review process, which was around 73% and comparable with 

previous studies.116 We tried to limit this subjectivity by involving a second senior 

neurologist who conducted an independent review and found a verbal consensus with 

the first senior neurologist on each single episode where the classification was 

discordant. Fifth and already mentioned, because expert review was based on the 

interpretation of key words in the clinical context and therefore charts without key 

words were not reviewed, we were not able to determine the false negatives episodes 

and thus to calculate the sensitivity and specificity, as well as the negative predictive 

value (NPV), of our method. However, based on the experience of past studies and 

on our effort to maximize delirium detection by adapting the initial list of key words, we 

can expect a limited number of false negative delirium episodes.106 Last, because we 

defined delirium-predictive key words in German language and completed the key 

words list with terms typically used to describe delirious patients in rehabilitation 

settings, the generalizability of our study findings is limited to the rehabilitation setting 

of German speaking countries. 

Our data suggest that retrospective detection of incident delirium episodes within 

routinely collected clinical data remains challenging. From our perspective, a chart-

based delirium detection method based on key words used to describe delirium 

symptoms can be useful to pre-select potential delirium episodes for research 

purposes. It will thus reduce time-effort but will not replace expert profile review, which 

is expensive and not suitable for large databases. Our results are consistent with other 
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studies, suggesting that strategies used to identify incident delirium in large clinical or 

claims databases by identifying recorded diagnoses are not sufficiently effective, 

because delirium is severely underdiagnosed in clinical practice.103,117 There is a need 

to implement standardized delirium assessment and documentation methods during 

inpatient rehabilitation in order to improve the validity of delirium diagnoses within 

electronic databases. These standardized data would facilitate the investigation of 

delirium incidence and associated risk factors in rehabilitation, and thus have 

therapeutic implications. 
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Conclusions 

Our chart-based method based on identifying delirium-predictive key words in the 

medical notes was able to detect incident delirium episodes within inpatients 

undertaking rehabilitation with low to moderate accuracy. Our chart-based method 

contributes towards an automated detection of potential incident delirium episodes 

that, supplemented with expert review, efficiently yields a validated population of 

incident delirium episodes for research purposes. 
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Abstract 

 

Objectives 

To investigate the association between a wide set of baseline characteristics (age, 

sex, rehabilitation discipline), functional scores (FIM [functional independence 

measure], CIRS [cumulative illness rating scale]), diseases, and administered drugs 

and incident delirium in rehabilitation inpatients. Furthermore, to assess clinical 

implications of developing delirium during rehabilitation. 

 

Design 

Matched case-control study based on electronic health record data. 

 

Setting and Participants 

We studied rehabilitation stays of inpatients admitted between 1 January 2015 and 31 

December 2018 to ZURZACH Care, Rehaklinik Bad Zurzach, an inpatient 

rehabilitation clinic in Switzerland. 

 

Methods 

We conducted unconditional logistic regression analyses to estimate adjusted odds 

ratios (AORs) with 95 % confidence intervals (CIs) of exposures that were recorded in 

≥5 cases and controls. 

 

Results 

Among a total of 10’503 rehabilitation stays, we identified 125 validated cases. Older 

age, undergoing neurological rehabilitation, a low FIM, and a high CIRS were 

associated with an increased risk of incident delirium. Being diagnosed with a bacterial 

infection (AOR 2.62 [95% CI 1.06 – 6.49]), a disorder of fluid, electrolyte, or acid-base 

balance (AOR 2.76 [95% CI 1.19 – 6.38]), Parkinson’s disease (AOR 5.68 [95% CI 

2.54 – 12.68]), and administration of antipsychotic drugs (AOR 8.06 [95% CI 4.26 – 

15.22]), antiparkinson drugs (AOR 2.86 [95% CI 1.42 – 5.77]), drugs for constipation 

(AOR 2.11 [95% CI 1.25 – 3.58]), heparins (AOR 2.04 [95% CI 1.29 – 3.24]), or 

antidepressant drugs (AOR 1.88 [95% CI 1.14 – 3.1]) during rehabilitation, or an 
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increased anticholinergic burden (ACB ≥ 3) (AOR 2.59 [95% CI 1.41 – 4.73]) were 

also associated with an increased risk of incident delirium. 

 

Conclusions and Implications 

We identified a set of factors associated with an increased risk of incident delirium 

during inpatient rehabilitation. Our findings contribute to detect patients at risk of 

delirium during inpatient rehabilitation.  
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Introduction 

Delirium is an etiologically nonspecific organic cerebral syndrome characterized by 

concurrent impairment of consciousness, attention, perception, thinking, memory, 

psychomotor behavior, emotions, and the sleep-wake cycle and can vary in duration 

and severity.25,26 The underlying pathomechanisms are likely multifactorial, and 

identified risk factors in a hospital setting are older age, male sex, decreased functional 

ability, high burden of disease, comorbidities such as degenerative neurological 

disorders or infections, dehydration, malnutrition, immobility, prolonged hospital stay, 

and polypharmacy.35,101,119–124 Several studies have suggested that acetylcholine 

deficiency may be involved in the pathophysiology of delirium, and that the use of 

anticholinergic medications may increase the risk of delirium.125–131 

In the inpatient rehabilitation setting, as in the acute setting, delirium has been 

associated with a longer duration of stay and higher mortality.83,85,86,92–94 Due to the 

inability of delirious patients to follow the challenging interdisciplinary therapeutic 

schedule, delirium has also been associated with poor functional rehabilitation 

outcome.132,133 Two studies assessing the Functional Independence Measure (FIM) of 

patients undergoing rehabilitation showed that patients who developed delirium during 

the stay had a more severe impairment at the beginning, and a more limited FIM 

improvement during rehabilitation than patients who did not.134,135 

Older age is a common risk factor for delirium among rehabilitation inpatients.100,134–

136 Also, a retrospective study identified traumatic brain injury, depression, diabetes 

mellitus and musculoskeletal disorders, as well as several out-of-range laboratory 

parameters as risk factors for delirium among rehabilitation inpatients.100 

Identifying risk factors for incident delirium during rehabilitation, including specific 

conditions and administered drugs, is useful to detect patients who are susceptible to 

develop delirium. 

The aim of this study was to explore the association between incident delirium during 

inpatient rehabilitation and a wide range of factors such as patient characteristics, 

rehabilitation discipline, functional scores at admission, diagnoses, and administered 

drugs. Furthermore, this study aimed to describe functional rehabilitation outcome and 

length of rehabilitation stay in patients who developed delirium and in patients who did 

not.  
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Methods 

Data Source and Study Design 

We conducted a retrospective matched case-control study using data from the 

electronic health records (EHRs) of ZURZACH Care, Rehaklinik Bad Zurzach, an 

inpatient rehabilitation clinic in Switzerland. EHRs comprise medical notes (suggestive 

of incident delirium, as validated in a previous study),95 patient- and rehabilitation-

specific characteristics such as age, sex, rehabilitation discipline and length of stay, 

as well as clinical data such as diagnoses (recorded as ICD-10 codes),25 administered 

drugs (recorded as ATC-codes),137 FIM,18 and the Cumulative Illness Rating Scale 

(CIRS).21 This study was approved by the Ethics Committee Northwest/Central 

Switzerland (Project-ID 2018-01351). 

Study Population 

We included all rehabilitation stays of patients who were admitted for inpatient 

rehabilitation between 1 January 2015 and 31 December 2018. Single patients may 

have contributed to more than one rehabilitation stay, if they were referred for 

rehabilitation several times during the study period. We excluded all stays with missing 

patient characteristics such as age, sex, or rehabilitation discipline. 

Cases and Controls 

Cases were patients who developed delirium at some point after the admission date. 

The definition and validation of delirium in the dataset has been described in detail 

previously.95 Briefly, we defined 15 key words commonly used to describe delirious 

patients in medical notes. Profiles of patients with at least two recorded key words and 

no diagnosis of delirium at admission were reviewed by at least two independent 

physicians, based on predefined evaluation criteria to confirm or refute the diagnosis 

of delirium. In confirmed cases, the first recorded key word was defined as the date of 

onset of delirium (index date). Eligible controls were patients who did not have any 

record of delirium predictive key words in their EHRs and no diagnosis of delirium at 

admission. For each validated case, we matched four controls on calendar time (by 

assigning the index date [+/- 1 month] of the cases to their controls) and time span 

between admission date and index date. 
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Exposure 

For cases and controls, we assessed age and length of stay as continuous variables, 

and sex (male; female), age groups (<65; 65-74; 75-84; ≥85 years), rehabilitation 
discipline (neurology; non-neurology) and primary diagnosis for rehabilitation as 

categorical variables. Furthermore, we assessed FIM, including cognitive FIM (C-FIM) 

and motoric FIM (M-FIM) in categories of severity, adapted from the German 

Modification of the ICD-10,138 and evaluated its change between admission and 

discharge. We assessed disease burden at admission, by categorizing the CIRS into 

quartiles. We assessed the prevalence of comorbidities recorded in ≥5 cases and 

controls (see Table 9 for the complete ICD-10 codes list). 

Additionally, we assessed the number of administered drugs at admission as 

continuous variable, and the administered drugs classes that were recorded in ≥5 

cases and controls at any time between admission and index date (see Table 10 for 

the complete ATC-codes list). We defined “users” of the above drugs as patients with 

at least one administration between admission and index date, and “non-users” as 

those with no recorded administration in the same interval. Lastly, we calculated the 

Anticholinergic Cognitive Burden (ACB) at admission and assessed whether cases 

and controls were exposed to an increased ACB (≥3/<3).139 
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Table 9: List of assessed comorbidities, inclusive ICD-10 codes and subcodes. 

Comorbidities ICD-10 codes 
Infectious and parasitic diseases A00-B99 

     Bacterial infectious diseases      B95-B96 

Endocrine, nutritional and metabolic diseases E00-E90 

     Diabetes mellitus      E10-E14 
     Vitamin D deficiency      E55 

     Hypercholesterolemia      E78 

     Disorders of fluid, electrolyte and acid-base balance      E87 

Diseases of the nervous system G00-G99 

     Extrapyramidal and movement disorders      G20-G26 

          Parkinson disease           G20-G21 

     Epilepsy and recurrent seizures      G40-G41 
     Sleep disorders      G47 

     Other diseases of the nervous system      G00-G47, excl. G20-G26; G40-G41 

Diseases of the circulatory system I00-I99, excl. I60-I69 

Cerebrovascular diseases I60-I69 

     Subarachnoid or Intracerebral hemorrhage      I60-I62 

     Cerebral infarction      I63 
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Table 10: List of assessed co-administered drug classes inclusive ATC-codes and subcodes. 

Administered drug classes ATC-codes 
Proton pump inhibitors A02BC 

Drugs for constipation A06 

Insulins and analogues A10A 

Blood glucose lowering drugs, excl. insulins A10B 
Vitamin K antagonists B01AA 

Heparin group B01AB 

Platelet aggregation inhibitors, excl. heparin B01AC 

Direct factor Xa inhibitors B01AF 

Cardiac therapy C01 

Diuretic drugs C03 

Beta blocking agents C07 
Calcium channel blockers C08 

Agents acting on the renin-angiotensin system C09 

Lipid modifying agents C10 

Drugs for urinary frequency and incontinence G04BD 

Drugs used in benign prostatic hypertrophy G04C 

Corticosteroids systemic H02 

Thyroid therapy H03 

Antibacterial for systemic use J01 
Antigout preparations M04 

Analgesics N02 

     Opioid drugs      N02A 

     Other analgesic and antipyretics      N02B 

Antiepileptic drugs N03 

Dopaminergic agents N04B 

Antipsychotic drugs N05A 
Benzodiazepine derivatives N05BA 

Hypnotics and sedatives N05C 

Antidepressant drugs N06A 

Dementia drugs N06D 

Other nervous system drugs N07 

Drugs for obstructive airways diseases R03 
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Statistical Analysis 

We summarized continuous variables providing means and standard deviations 

(SDs), and categorical variables as absolute and relative frequencies. 

We conducted unconditional logistic regression analyses to calculate odds ratios 

(ORs) with 95 % confidence intervals (CIs) for each exposure variable. We adjusted 

all analyses for sex, age, and rehabilitation discipline to calculate adjusted odds ratios 

(AORs) with 95 % CIs. Given the unconditional analysis of matched sets, we also 

adjusted all analyses for the two matching factors (index date and time span between 

admission and index date).140 

All statistical analyses were conducted using SAS 9.4 (SAS Institute, Cary, NC, USA), 

Graphics were composed using Prism GraphPad 9.4 (GraphPad Software, San Diego, 

California, USA).  



 76 

Results 

Of 9’406 patients who underwent a total of 10’503 rehabilitation stays during the study 

period, we identified 125 validated incident delirium episodes and 500 matched 

controls (Figure 9). Patients and rehabilitation characteristics of cases and controls 

are reported in Table 11. Diseases of the nervous system (53.6%), among these, 

cerebral infarction (26.4%) were the most frequent primary diagnoses for rehabilitation 

among cases. Diseases of the musculoskeletal system (48.0%), among these 

spondylopathies (7.4%) and other dorsopathies (12.8%), were the most frequent 

primary diagnoses for rehabilitation among controls (Table 12). 

Older age and undergoing neurological rehabilitation were associated were 

associated with increased risks of incident delirium (Table 11). 

Severe functional impairment (FIM ≤ 65) and severe burden of disease (CIRS ≥ 14) 

were also associated with increased risks of incident delirium (Table 13). 

Several comorbidities were associated with an increased risk of incident delirium 

during inpatient rehabilitation (Figure 10, see Table 14 for exact numbers). Being 

diagnosed with bacterial infections or disorders of fluid, electrolyte and acid-base 

balance was associated with a moderately increased risk of incident delirium (AORs 

2.62 [95% CI 1.06 – 6.49] and 2.76 [95% CI 1.19 – 6.38], respectively), compared to 

not having these diagnoses. Parkinson’s disease, and more generally extrapyramidal 

and movement disorders, were strongly associated with the risk of incident delirium 

compared to not having these conditions (AORs 5.68 [95% CI 2.54 – 12.68] and 3.51 

[95% CI 1.89 – 6.52], respectively). Other comorbidities were not associated with 

incident delirium after adjusting for sex, age, and rehabilitation discipline. 

Cases had a higher number of administered drugs at admission compared to controls 

(mean [SD], 9.0 [3.4] vs. 6.7 [3.8]). The administration of different drug classes was 

associated with an increased risk of incident delirium (Figure 11, see Table 15 for 

exact numbers). The use of drugs for constipation (AOR 2.11 [95% CI 1.25 – 3.58]), 

heparins (AOR 2.04 [95% CI 1.29 – 3.24]), and antidepressants (AOR 1.88 [95% CI 

1.14 – 3.10]) was associated with a moderately increased risk of incident delirium, 

whereas the use of dopaminergic agents and antipsychotic drugs was associated with 

a markedly increased risk of incident delirium compared to no use of these drug 

classes (AOR 2.86 [95% CI 1.42 – 5.77] and 8.06 [95% CI 4.26 – 15.22], respectively). 
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Several drug classes were not associated with incident delirium after adjusting for sex, 

age and rehabilitation discipline. 

The ACB was higher within cases than controls (mean [SD], 0.9 [1.3] vs. 0.6 [1.1]) and 

having a high ACB (≥3) was associated with an increased risk of delirium compared 

to having a low ACB (<3) (AOR 2.59 [95% CI 1.41 – 4.73]). 

Cases had a longer mean rehabilitation stay than controls (mean days [SD], 33.1 

[18.7] vs. 27.8 [16.5]) and the FIM of cases improved less between admission and 

discharge (Δ FIM [SD], 7.4 [17.1] vs. 17.9 [12.6]) than that of controls (Figure 12). 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Flowchart of case and control selection. Cases were patients with at least 2 recorded delirium predictive key words (commonly used terms to describe 

delirious patients) who were classified as incident delirium episodes by two to three independent physicians as defined in a previous validation study.95 Eligible 

controls were patients in the study population who did not have any record of delirium predictive key words in their medical notes or a diagnosis of prevalent delirium 

on admission. Each case was matched to four controls on calendar time (by assigning the index date [+/- 1 month] of the cases to their controls) and time between 

admission date and index date. 

10’503 rehabilitation stays within the study population of 9’406 patients 

554 potential cases of 
incident delirium 

- 429 classified as no cases in  
medical validation of profiles 

125 confirmed cases of 
incident delirium 

8’662 eligible controls 

500 matched controls 
matching 1:4 

10’515 rehabilitation stays admitted to inpatient rehabilitation between 2015 and 2018 

- 725 one predictive key word 
- 562 delirium diagnosis at 

admission date 

- 12 missing patient characteristics 



Table 11: Odds ratios of baseline characteristics among cases with incident delirium and matched 

controls. 

 
Cases 

(n= 125) 

Controls 

(n= 500) 
OR (95% CI) AOR (95% CI) * 

Sex     

Female 55 (44.0%) 275 (55.0%) 1 ref. 1 ref. 

Male 70 (55.0%) 225 (45.0%) 1.56 (1.05 - 2.31) 1.39 (0.89 - 2.17) 

Age, years 

<65 13 (10.4%) 227 (45.4%) 1 ref. 1 ref. 

65-74 23 (18.4%) 110 (22.0%) 3.67 (1.79 - 7.53) 3.54 (1.69 - 7.45) 

75-84 62 (49.6%) 128 (25.6%) 8.48 (4.49 - 16.02) 9.06 (4.68 - 17.56) 

≥85 27 (21.2%) 35 (7.0%) 13.64 (6.42 - 28.99) 12.99 (5.89 - 28.67) 

Age, mean (SD) 77.2 (9.9) 64.6 (15.7) n/a n/a 

Rehabilitation discipline 

Neurology 89 (71.2%) 167 (33.4%) 4.97 (3.23 - 7.65) 4.89 (3.07 - 7.79) 

Non-Neurology † 36 (28.8%) 333 (66.6%) 1 ref. 1 ref. 

Days between admission 

date and index date, 

mean (SD) 

10.3 (10.3) 10.3 (10.3) n/a n/a 

Controls were matched to cases on index date (+/- 1 month) and time between the admission date and the index 

date (days between admission date and index date). All ORs were calculated with unconditional logistic regression 

and adjusted for matching factors (index date and exposure time). 

* Sex adjusted on age, rehabilitation discipline (Neurology / non-Neurology); Age adjusted on sex, rehabilitation 

discipline (Neurology / non-Neurology); Rehabilitation discipline adjusted on age, sex. 

† Frequencies (%) within non-Neurology disciplines (cases / controls): angiology (4.0 / 7.4), cardiology (4.8 / 9.6), 

rheumatology (1.6 / 9.8), orthopedics (15.2 / 26.2), headache (0 / 4.0) or pain (0.8 / 7.4) programs. 
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Table 12: Primary diagnosis for rehabilitation of cases with incident delirium and matched controls. 

Primary diagnoses for rehabilitation (ICD-10) 

Cases 

(n=125) 

n (%) 

Controls 

(n=500) 

n (%) 

Neoplasms (C00-D48) 6 (4.8) 10 (2.0) 

Diseases of the nervous system (G00-G99, I60-I63) 67 (53.6) 138 (27.6) 

     Morbus Parkinson or other extrapyramidal disorders (G20-G26) 14 (11.2) 5 (1.0) 

     Multiple sclerosis or other demyelinating diseases (G35-G37) 1 (0.8) 5 (1.0) 

     Migraine or other headache syndromes (G43-G44) 0 25 (5.0) 

     Guillain–Barré syndrome and other polyneuropathies (G61-G62) 1 (0.8) 3 (0.6) 

     Cerebral palsy and other paralytic syndromes (G80-G83) 1 (0.8) 9 (1.8) 

     Cerebral haemorrhage (I60-I62) 7 (5.6) 7 (1.4) 

     Cerebral infarction (I63) 33 (26.4) 60 (12.0) 

     Other diseases of the nervous system1 10 (8.0) 24 (4.8) 

Diseases of the circulatory system (I00-I99, excl. I60-I63) 14 (11.2) 79 (15.8) 

     Ischemic heart diseases (I20-I25) 4 (3.2) 21 (4.2) 

     Valvular heart diseases (I05-I08, I34-I36) 1 (0.8) 11 (2.2) 

     Other forms of heart disease2 1 (0.8) 22 (4.4) 

     Peripheral artery disease (I73) 4 (3.2) 6 (1.2) 

     Lymphoedema or other noninfective disorders of lymphatic 

vessels (I89) 

1 (0.8) 18 (3.6) 

     Other diseases of the circulatory system3 3 (2.4) 1 (0.2) 

Diseases or injuries of the musculoskeletal system  

(M00-M99, S00-T98) 

34 (27.2) 240 (48.0) 

     Coxarthrosis (M16) 0 23 (4.6) 

     Gonarthrosis (M17) 2 (1.6) 28 (5.6) 

     Arthrosis or other arthropathies (M18-M19) 0 5 (1.0) 

     Spondylopathies (M45-M49) 4 (3.2) 37 (7.4) 

     Other dorsopathies4 1 (0.8) 64 (12.8) 

     Myalgia or rheumatism (M79) 1 (0.8) 8 (1.6) 

     Osteopathies and chondropathies (M80-M94) 2 (1.6) 2 (0.4) 

     Intracranial injury (S06) 10 (8.0) 4 (0.8) 

     Fracture of femur (S72) 4 (3.2) 15 (3.0) 

     Fracture of lower leg (S82) 0 8 (1.6) 

     Other fractures or injuries (S00-S99, excl. S06, S72, S82) 6 (4.8) 29 (5.8) 

     Complication of internal joint prosthesis (T84) 4 (3.2) 17 (3.4) 

Other diseases5 4 (3.2) 33 (6.6) 
1 Meningitis and other neurologic inflammatory diseases (G00-G09); Atrophies primarily affecting the 

central nervous system (G10-G14); Nerve and plexus disorders (G50-G59); Myopathies (G72); 

Hydrocephalus (G91) or Cerebral cysts (G93). 
2 Endocarditis (I33, I38-I39); Dilated cardiomyopathy (I42); Arrhythmias (I49). 
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3 Aortic aneurysm or dissection (I71); Venous thromboembolism (I82). 
4 Cervicalgia (M50); Intervertebral disc disorders (M51); Sciatica (M54.3); Lumbago (M54.5).  
5 Infections (A00-B99); Endocrine, nutritional and metabolic diseases (E00-E90); Diseases of the 

digestive system (K00-K93); Diseases of the respiratory system (J00-J99). 
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Table 13: Odds ratios of Functional Independence Measure (FIM) and Cumulative Illness Rating Scale 

(CIRS) at admission among cases with incident delirium and matched controls. 

 
Cases 

(n= 125) 

Controls 

(n= 499) † 
OR (95% CI) 

AOR  

(95% CI) * 

Functional Independence Measure     

FIM, mean (SD) 45.6 (18.4) 78.7 (19.3) n/a n/a 

Cognitive FIM, mean (SD) 13.2 (5.7) 22.3 (5.4) n/a n/a 

Motor FIM, mean (SD) 32.5 (15.0) 56.4 (15.5) n/a n/a 

FIM low to medium impairment (66 - 126) 16 (12.8%) 382 (76.6%) 1 ref. 1 ref. 

FIM high impairment (18 - 65) 109 (87.2%) 117 (23.4%) 
25.88 
(14.42 - 46.46) 

13.19 
(7.03 - 24.72) 

Cognitive FIM low to medium impairment  

(11 - 35) 
73 (58.4%) 488 (97.8%) 1 ref. 1 ref. 

Cognitive FIM high impairment (5 - 10) 52 (41.6%) 11 (2.2%) 32.37 
(16.08 - 65.16) 

19.11 
(8.64 - 42.27) 

Motor FIM low to medium impairment (27 - 91) 76 (60.8%) 471 (94.4%) 1 ref. 1 ref. 

Motor FIM high impairment (13 - 26) 49 (39.2%) 28 (5.6%) 11.50 
(6.73 - 19.64) 

6.75 
(3.65 - 12.51) 

Cumulative Illness Rating Scale 

CIRS, mean (SD) 18.8 (8.2) 15.1 (9.6) n/a n/a 

CIRS low severity (0 - 8) 10 (8.0%) 141 (28.3%) 1 ref. 1 ref. 

CIRS medium severity (9 - 13) 23 (18. 4%) 131 (26.3%) 2.70 (1.23 - 5.92) 1.63 (0.69 - 3.83) 

CIRS high severity (14 - 20) 45 (36.0%) 102 (20.4%) 
6.98  
(3.31 - 14.70) 2.95 (1.29 - 6.74) 

CIRS very high severity (21 - 56) 47 (37.6%) 125 (25.1%) 
6.12  
(2.90 - 12.90) 2.65 (1.16 - 6.07) 

Controls were matched to cases on index date (+/- 1 month) and time between the admission date and the index 

date (days between admission date and index date). All ORs were calculated with unconditional logistic regression 

and adjusted for matching factors (days between admission date and index date).  

* Adjusted on age, sex, rehabilitation discipline (Neurology / non-Neurology).  

† Missing database entries (FIM and CIRS) for 1 control. 
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Figure 10: Forest plot of adjusted odds ratios (95% CI) among cases with incident delirium and matched 

controls for exposure to different comorbidities defined as a record of the ICD-10 code. Controls were 

matched to cases on index date (+/- 1 month) and days between the admission date and the index 

date. Odds ratios were calculated with unconditional logistic regression and adjusted for matching 

factors, age, sex and rehabilitation discipline (Neurology / non-Neurology). 
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Table 14: Odds ratios of comorbidities among cases with incident delirium and matched controls. 

Comorbidities (ICD-10 codes) 

Cases 

n (%) 

(n= 125) 

Controls 

n (%) 

(n= 500) 

OR (95% CI) AOR (95% CI)1 

Infectious and parasitic diseases (A00-B99) 

     No2 105 470 1 ref. 1 ref. 

     Yes3 20 30 3.06 (1.66 - 5.64) 2.29 (1.14 - 4.61) 

Bacterial infectious diseases (B95-B96) 

     No2 112 486 1 ref. 1 ref. 

     Yes3 13 14 4.16 (1.88 - 9.21) 2.62 (1.06 - 6.49) 

Endocrine, nutritional and metabolic diseases (E00-E90) 

     No2 58 274 1 ref. 1 ref. 

     Yes3 67 226 1.41 (0.95 - 2.09) 1.11 (0.71 - 1.75) 

Diabetes mellitus (E10-E14) 

     No2 100 414 1 ref. 1 ref. 

     Yes3 25 86 1.20 (0.73 - 1.98) 1.11 (0.63 - 1.94) 

Vitamin D deficiency (E55) 

     No2 109 461 1 ref. 1 ref. 

     Yes3 16 39 1.75 (0.94 - 3.27) 1.55 (0.76 - 3.17) 

Hypercholesterolemia (E78) 

     No2 106 436 1 ref. 1 ref. 

     Yes3 19 64 1.23 (0.70 - 2.14) 0.91 (0.49 - 1.68) 

Disorders of fluid, electrolyte and acid-base balance (E87) 

     No2 110 484 1 ref. 1 ref. 

     Yes3 15 16 4.15 (1.99 - 8.67) 2.76 (1.19 - 6.38) 

Diseases of the nervous system (G00-G99) 

     No2 30 263 1 ref. 1 ref. 

     Yes3 95 237 3.55 (2.27 - 5.56) 2.40 (1.36 - 4.24) 

Extrapyramidal and movement disorders (G20-G26) 

     No2 92 471 1 ref. 1 ref. 

     Yes3 33 29 5.93 (3.42 - 10.29) 3.51 (1.89 - 6.52) 

Parkinson disease (G20-G21) 

     No2 101 488 1 ref. 1 ref. 

     Yes3 24 12 9.87 (4.76 - 20.46) 5.68 (2.54 - 12.68) 

Epilepsy and recurrent seizures (G40-G41) 

     No2 114 483 1 ref. 1 ref. 

     Yes3 11 17 2.79 (1.26 - 6.15) 1.27 (0.53 - 3.04) 

Sleep disorders (G47) 

     No2 118 459 1 ref. 1 ref. 

     Yes3 7 41 0.66 (0.29 - 1.52) 0.56 (0.22 - 1.40) 
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Other diseases of the nervous system (G00-G47, excl. G20-G26 and G40-G41) 

     No2 109 401 1 ref. 1 ref. 

     Yes3 16 99 0.59 (0.34 - 1.05) 0.61 (0.32 - 1.16) 

Diseases of the circulatory system (I00-I99, excl. I60-I69) 

     No2 24 200 1 ref. 1 ref. 

     Yes3 101 300 2.82 (1.74 - 4.56) 1.18 (0.66 - 2.09) 

Cerebrovascular diseases (I60-I69) 

     No2 75 413 1 ref. 1 ref. 

     Yes3 50 87 3.18 (2.07 - 4.87) 0.98 (0.57 - 1.70) 

Subarachnoid or Intracerebral hemorrhage (I60-I62) 

     No2 118 492 1 ref. 1 ref. 

     Yes3 7 8 3.65 (1.30 - 10.28) 1.73 (0.55 - 5.51) 

Cerebral infarction (I63) 

     No2 87 439 1 ref. 1 ref. 

     Yes3 38 61 3.17 (1.99 - 5.06) 0.89 (0.50 - 1.60) 

Controls were matched to cases on index date (+/- 1 month) and days between the admission date and the index 

date. All ORs were calculated with unconditional logistic regression and adjusted for matching factors. Main categories 

are depicted in bold. 
1 Adjusted on age, sex, rehabilitation discipline (Neurology / non-Neurology).  
2 Defined as no read ICD-10 code record of the respective disorder within the claims data  
3 Defined as a read ICD-10 code record of the respective disorder at admission. 
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Figure 11: Forest plot of adjusted odds ratios (95% CI) among cases with incident delirium and matched 

controls for exposure to selected drug groups defined as at least one record of an administered code 

of the respective ATC-class at any time from the admission date until the index date. Controls were 

matched to cases on index date (+/- 1 month) and days between the admission date and the index 

date. Odds ratios were calculated with unconditional logistic regression and adjusted for matching 

factors, age, sex and rehabilitation discipline (Neurology / non-Neurology). 
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Table 15: Odds ratios of selected drug classes among cases with incident delirium and matched 

controls, by users or non-users. 

Drug classes (ATC-codes) 

Cases 

n (%) 

(n= 125) 

Controls 

n (%) 

(n= 500) 

OR (95% CI) AOR (95% CI)1 

Proton pump inhibitors (A02BC) 

     non-users2 66 256 1 ref. 1 ref. 

     users3 59 244 0.94 (0.63 - 1.39) 1.40 (0.88 - 2.25) 

Drugs for constipation (A06) 

     non-users2 91 430 1 ref. 1 ref. 

     users3 34 70 2.30 (1.44 - 3.68) 2.11 (1.25 - 3.58) 

Insulins and analogues (A10A) 

     non-users2 115 473 1 ref. 1 ref. 

     users3 10 27 1.53 (0.72 - 3.27) 1.44 (0.62 - 3.34) 

Blood glucose lowering drugs, excl. Insulins (A10B) 

     non-users2 105 436 1 ref. 1 ref. 

     users3 20 64 1.30 (0.75 - 2.24) 1.07 (0.58 - 2.00) 

Vitamin K antagonists (B01AA) 

     non-users2 115 458 1 ref. 1 ref. 

     users3 10 42 0.95 (0.46 - 1.95) 0.62 (0.28 - 1.39) 

Heparin group (B01AB) 

     non-users2 71 378 1 ref. 1 ref. 

     users3 54 122 2.36 (1.57 - 3.56) 2.04 (1.29 - 3.24) 

Platelet aggregation inhibitors, excl. heparin (B01AC) 

     non-users2 75 353 1 ref. 1 ref. 

     users3 50 147 1.61 (1.07 - 2.42) 1.25 (0.79 – 2.00) 

Direct factor Xa inhibitors (B01AF) 

     non-users2 26 181 1 ref. 1 ref. 

     users3 99 319 2.19 (1.37 - 3.51) 1.28 (0.74 - 2.23) 

Cardiac therapy (C01) 

     non-users2 116 475 1 ref. 1 ref. 

     users3 9 25 1.48 (0.67 - 3.25) 1.37 (0.58 - 3.25) 

Diuretic drugs (C03) 

     non-users2 85 396 1 ref. 1 ref. 

     users3 40 104 1.81 (1.17 - 2.80) 1.39 (0.83 - 2.32) 

Beta blocking agents (C07) 

     non-users2 73 359 1 ref. 1 ref. 

     users3 52 141 1.82 (1.21 - 2.73) 1.16 (0.72 - 1.86) 

Calcium channel blockers (C08) 

     non-users2 99 426 1 ref. 1 ref. 
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     users3 26 74 1.51 (0.92 - 2.49) 0.74 (0.42 - 1.31) 

Agents acting on the renin-angiotensin system (C09) 

     non-users2 54 311 1 ref. 1 ref. 

     users3 71 189 2.18 (1.46 - 3.25) 1.52 (0.96 - 2.39) 

Lipid modifying agents (C10) 

     non-users2 63 321 1 ref. 1 ref. 

     users3 62 179 1.78 (1.19 - 2.65) 1.00 (0.63 - 1.58) 

Drugs for urinary frequency and incontinence (G04BD) 

     non-users2 118 486 1 ref. 1 ref. 

     users3 7 14 2.06 (0.81 - 5.23) 1.77 (0.62 - 5.04) 

Drugs used in benign prostatic hypertrophy (G04C) 

     non-users2 110 470 1 ref. 1 ref. 

     users3 15 30 2.14 (1.11 - 4.13) 0.97 (0.45 - 2.10) 

Corticosteroids systemic (H02) 

     non-users2 119 473 1 ref. 1 ref. 

     users3 6 27 0.88 (0.36 - 2.19) 0.69 (0.26 - 1.85) 

Thyroid therapy (H03) 

     non-users2 118 463 1 ref. 1 ref. 

     users3 7 37 0.74 (0.32 - 1.71) 0.70 (0.28 - 1.75) 

Antibacterial for systemic use (J01) 

     non-users2 105 466 1 ref. 1 ref. 

     users3 20 34 2.65 (1.46 - 4.82) 1.97 (0.99 - 3.92) 

Antigout preparations (M04) 

     non-users2 117 481 1 ref. 1 ref. 

     users3 8 19 1.73 (0.74 - 4.06) 1.27 (0.48 - 3.34) 

Analgesics (N02) 

     non-users2 82 283 1 ref. 1 ref. 

     users3 43 217 0.68 (0.45 - 1.03) 0.86 (0.53 - 1.39) 

Opioid drugs (N02A) 

     non-users2 103 397 1 ref. 1 ref. 

     users3 22 103 0.82 (0.50 - 1.37) 1.22 (0.68 - 2.17) 

Other analgesic and antipyretics (N02B) 

     non-users2 92 333 1 ref. 1 ref. 

     users3 33 167 0.71 (0.46 - 1.11) 0.78 (0.47 - 1.30) 

Antiepileptic drugs (N03) 

     non-users2 98 420 1 ref. 1 ref. 

     users3 27 80 1.46 (0.89 - 2.38) 1.32 (0.75 - 2.34) 

Dopaminergic agents (N04B) 

     non-users2 102 477 1 ref. 1 ref. 

     users3 23 23 4.70 (2.54 - 8.72) 2.86 (1.42 - 5.77) 
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Antipsychotic drugs (N05A) 

     non-users2 86 471 1 ref. 1 ref. 

     users3 39 29 7.46 (4.37 - 12.74) 8.06 (4.26 - 15.22) 

Benzodiazepine derivatives (N05BA) 

     non-users2 119 475 1 ref. 1 ref. 

     users3 6 25 0.96 (0.38 - 2.39) 1.18 (0.42 - 3.30) 

Hypnotics and sedatives (N05C) 

     non-users2 117 468 1 ref. 1 ref. 

     users3 8 32 1.00 (0.45 - 2.23) 0.95 (0.39 - 2.31) 

Antidepressant drugs (N06A) 

     non-users2 81 367 1 ref. 1 ref. 

     users3 44 133 1.52 (0.99 - 2.31) 1.88 (1.14 - 3.10) 

Dementia drugs (N06D) 

     non-users2 114 493 1 ref. 1 ref. 

     users3 11 7 7.02 (2.64 - 18.69) 2.59 (0.90 - 7.47) 

Other nervous system drugs (N07) 

     non-users2 119 483 1 ref. 1 ref. 

     users3 6 17 1.44 (0.55 - 3.73) 1.74 (0.57 - 5.30) 

Drugs for obstructive airways diseases (R03) 

     non-users2 114 468 1 ref. 1 ref. 

     users3 11 32 1.41 (0.69 - 2.89) 0.84 (0.37 - 1.90) 

Controls were matched to cases on index date (+/- 1 month) and days between the admission date and the index 

date. All ORs were calculated with unconditional logistic regression and adjusted for matching factors.  
1 Adjusted on age, sex, rehabilitation discipline (Neurology / non-Neurology).  
2 Defined as no administration at any time prior the index date  
3 Defined as at least one administration at any time from the admission date until the index date. 
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Figure 12: Functional Independence Measure (FIM) at rehabilitation admission and at discharge for 

cases with incident delirium and matched controls, mean (SD). FIM improvement between admission 

and discharge, mean (SD): 7.4 (17.1) for cases; 17.9 (12.6) for controls. † Missing database entries for 

1 control. 
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Discussion 

In this retrospective matched case-control study based on inpatient clinical data, we 

identified older age, neurological rehabilitation, reduced FIM, and high disease or 

anticholinergic burden at admission as factors associated with a considerably 

increased risk of incident delirium during rehabilitation. 

Patients with infectious diseases, disorders of fluid, electrolyte and acid-base balance, 

and Parkinson’s disease at admission, and patients treated with laxatives, heparins, 

antidepressants, dopaminergic agents and antipsychotics during rehabilitation, were 

at an increased risk of developing delirium. 

Furthermore, patients who developed incident delirium had a longer mean 

rehabilitation stay and a poorer functional rehabilitation outcome, quantified by the FIM 

change between admission and discharge, than patients without delirium. 

Patient and Rehabilitation Characteristics 

Our results suggest that patients who have become delirious during rehabilitation were 

more frequently men and older than patients who have not. Compared to patients 

aged <65 years, patients between 65 and 74 years of age had a 3.5-fold increased 

risk, patients aged between 75 and 84 years a 9.1-fold increased risk, and patients 

above 85 years a 13.0-fold increased risk of delirium. The results are consistent with 

previously studies, which reported that patients who developed delirium during 

rehabilitation were older100,134–136 and more often men100,134,136 than patients who did 

not develop delirium. In our study, most cases underwent neurological rehabilitation, 

and patients among this rehabilitation discipline had a 4.9-fold increased risk of 

incident delirium compared to patients among other rehabilitation disciplines. This 

observation could be explained by neurological imbalance caused by degenerative 

neurological conditions that may trigger the pathophysiology of delirium.48 The 

cognitive and motoric FIM at admission was lower among cases than controls (mean 

[SD], 13.2 [5.7] vs. 22.3 [5.4] and 32.5 [15.0] vs. 56.4 [15.5], respectively), and patients 

with a FIM lower than 65 points at admission had a 13.2-fold increased risk of incident 

delirium as compared to patients with a FIM higher than 65 points. These results 

suggest that patients with an impaired functional degree are more likely to develop 

delirium during rehabilitation, which is consistent with two previously published studies 

that assessed the FIM among patients with and without delirium.134,135 Bushi et al. 
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found that patients with delirium had a significantly lower cognitive and motoric FIM 

on admission than patients without delirium (mean [SD], 15.2 [5.8] vs. 24.2 [6.0] and 

24.3 [9.6] vs. 31.3 [9.1], respectively), and that patients with delirium more often had 

a primary neurological diagnosis for rehabilitation than patients without delirium.134 

Burden of Disease and Comorbidities 

We observed a 2.6 to 2.9-fold increased risk of delirium among patients with an 

increased burden of disease (CIRS) compared to patients with low burden of disease. 

This is comparable with the observations of Stelmokas et al., who reported a 4.5-fold 

increased risk of delirium among patients with an elevated Age-Adjusted Charlson 

Index.141 

Patients with prevalent infectious diseases had a 2.3-fold increased risk of delirium, 

patients with disorders of fluid, electrolyte and acid-base balance had a 2.7-fold 

increased risk of delirium, and patients with extrapyramidal and movement disorders 

even had a 3.5-fold (among them, patients with Parkinson’s disease a 5.7-fold) 

increased risk of delirium compared with patients who did not have a diagnosis of 

these conditions. These results are only partially comparable to those of a previous 

study, which assessed comorbidities and laboratory parameters as potential risk 

factors for delirium in the rehabilitation setting.100 Jang et al. observed an increased 

risk of delirium among patients with traumatic brain injuries, depression, diabetes 

mellitus and musculoskeletal disorders, as well as among patients with increased 

white blood cells (WBC), erythrocyte sedimentation rate (ESR), C-reactive protein 

(CRP) and decreased potassium and phosphorus levels.100 In our study we could not 

assess brain injuries, depression, and musculoskeletal disorders (<5 observations for 

cases and/or controls), and we did not observe an increased risk of delirium among 

patients with diabetes mellitus. Nevertheless, the increased inflammatory or infectious 

parameters (WBC, ESR, CRP) observed by Jang et al. are consistent with the 

increased risk of delirium we observed among patients with infectious diseases, and 

the decreased potassium and phosphorus levels are consistent with the increased risk 

we observed among patients with disorders of fluid, electrolyte and acid-base balance. 

These findings are consistent with the current state of research suggesting that 

neurodegenerative diseases affecting dopamine levels and conditions of inflammation 

or electrolyte imbalance are favourable conditions for the development of delirium.48 
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Anticholinergic Burden and Comedications 

Among our study population, cases on average used more drugs than controls. The 

resulting anticholinergic burden was higher among cases than controls, and patients 

with an ACB of ≥3 points had a 2.6-fold increased risk of incident delirium compared 

to patients with an ACB <3. These observations support the hypothesis of several 

studies that polypharmacy, particularly involving drugs with anticholinergic potential, 

may cause neurotransmitter imbalance and thus promote the pathophysiology of 

delirium.35,48,125–131 

Patients who used laxatives, heparins or antidepressants had an approximately 2-fold 

increased risk of developing delirium, patients who used dopaminergic agents had a 

2.9-fold increased risk, and those who used antipsychotics had an approximately 8-

fold increased risk compared with non-use of these drug classes. From a 

pharmacological point of view, only some of these results are attributable to the direct 

effect of these drug classes on the onset of delirium, while others may be indirectly, 

but not causally associated with delirium. For instance, in inpatient setting, heparins 

are often used to prevent thromboembolic conditions,142 and laxatives to prevent 

constipation among patients with reduced mobility. It is reasonable to assume that the 

observed association is rather due to the prolonged immobility than to a direct 

pathogenic effect of these classes of drugs on delirium. We also observed a 

statistically significant association of both Parkinson's disease and dopaminergic 

drugs with an increased risk of delirium. Although this may be plausible from a 

pharmacological point of view, the association between dopaminergic drugs and 

increased risk of delirium could reflect that almost all Parkinson's patients receive this 

drug class as a standard treatment. 

Clinical Implications 

We observed that patients who experienced incident delirium during rehabilitation on 

average had a 5 days longer rehabilitation stay and a poorer functional rehabilitation 

outcome at discharge (Δ FIM [SD], 7.4 [17.1] vs. 17.9 [12.6]) than patients who did 

not. These observations are consistent with previous studies 100,134–136, particularly one 

study reported a significantly lower change in FIM between admission and discharge 

for patients with delirium compared with patients without delirium (Δ FIM [SD], 10.5 

[13.1] vs. 19.4 [15.4]).135 
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Strengths and Limitations 

The following limitations of our study have to be considered. First, our analyses were 

based on clinical routine data, which were not primarily collected for research 

purposes. However, the consistency of our results with previous studies corroborates 

the validity of our data. Second, although we rigorously assessed medication use prior 

to the index date and time, potential protopathic bias must be considered. For 

example, the substantially increased risk of delirium observed in association with 

antipsychotic drugs may be explained by the administration of this drug class to 

patients presenting with early symptoms of delirium, rather than by a direct association 

between antipsychotic drug use and delirium. Due to the nonspecific and off-label use 

of antipsychotic drugs in clinical practice and due to the short follow-up time, we were 

not able to detect and limit this type of bias by shifting the index date. Third, because 

the aim of our study was not to test formal hypotheses, we assessed a wide range of 

potential risk factors simultaneously. Therefore, the results should be considered as a 

set of factors associated with, rather than causing delirium. Fourth, due to the low 

prevalence of certain drug classes and also the short observation time of our study, 

we were not able to differentiate between occasional, prolonged or cumulative use of 

medication. This would have helped us to understand whether the increased risk of 

delirium is associated with chronic use of certain drugs, or whether even occasional 

use is associated with delirium. However, given the pathophysiology of delirium, which 

typically develops within hours or days, we believe that our approach was appropriate 

for the assessed drug classes. 

An important strength of our study is the high quality of the data set, which comprised 

accurate and structured entries of each single drug administration and diagnosis 

record. This allowed us to precisely define exposures without the use of proxy 

parameters. 

Considering the above-mentioned limitations, our study offers a broad overview of the 

main risk factors for incident delirium during inpatient rehabilitation. Especially, our 

study adds knowledge to the existing literature regarding associations between 

administered drug classes and incident delirium during rehabilitation. 
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Conclusions and Implications 

Our study suggests that among inpatients undergoing rehabilitation, older age, 

neurological rehabilitation, reduced FIM, and high disease or anticholinergic burden, 

as well as a number of prevalent comorbidities and co-administered drug classes, are 

potential risk factors for incident delirium. Moreover, incident delirium during 

rehabilitation seems to be associated with worse functional rehabilitation outcome and 

longer rehabilitation stay. 

These findings may be relevant for health care providers working in the rehabilitation 

setting. Identifying patients potentially at risk of delirium during rehabilitation by 

considering a set of risk factors at rehabilitation admission, such as age, functional 

scores, comorbidities and preexisting drug prescriptions could represent an innovative 

method compared to the more conventional delirium assessment tools, which are 

based on the observation of patients over time and are therefore time consuming and 

require staff training.38 Furthermore, modifiable risk factors such as new drugs 

prescriptions or the anticholinergic drug burden should be proactively considered to 

reduce the risk of incident delirium.  
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Abstract 

 

Objectives 

To develop a clinical model to predict the risk of an individual patient of developing 

delirium during inpatient rehabilitation, based on patient characteristics and clinical 

data available on admission. 

 

Design 

Retrospective observational study based on electronic health record data. 

 

Setting and Participants 

We studied a previously validated data set of inpatients including incident delirium 

episodes during rehabilitation. These patients were admitted to ZURZACH Care, 

Rehaklinik Bad Zurzach, a Swiss inpatient rehabilitation clinic, between 1 January 

2015 and 31 December 2018. 

 

Methods 

We performed logistic regression analysis using backward and forward selection with 

alpha=0.01 to remove any non-informative potential predictor. We subsequentially 

used the Akaike information criterion (AIC) to select the final model among the 

resulting “intermediate” models. Discrimination of the final prediction model was 

evaluated using the C-statistic. 

 

Results 

Of the 20 candidate predictor variables, 6 were included in the final prediction model: 

a linear spline of age with one knot at 60 years and a linear spline of FIM with one knot 

at 64, diagnosis of disorders of fluid, electrolyte and acid-base balance (E87), use of 

other analgesic and antipyretics (N02B), use of anti-Parkinson drugs (N04B), and an 

Anticholinergic Burden Score (ACB) of ≥3. 
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Conclusions and Implications 

Our clinical prediction model could, upon validation, identify patients at risk of 

incident delirium at admission to inpatient rehabilitation, and thus enable targeted 

prevention strategies.  
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Introduction 

Delirium is defined as an etiologically unspecified organic brain syndrome in which 

consciousness, attention, perception, thought, memory, psychomotor behaviors, 

emotions and the sleep-wake cycle are simultaneously impaired. Delirium is 

reversible, and its duration and severity can range from hours to days.25,26 Delirium 

has been associated with a longer duration of stay and higher mortality in both acute 

hospital and inpatient rehabilitation settings.83,85,86,92–94 Due to the inability of delirious 

patients to follow the challenging interdisciplinary therapeutic rehabilitation schedule, 

delirium has also been associated with poor functional rehabilitation outcomes.132,133 

 

Because of the highly fluctuating nature of delirium and several differential diagnoses 

presenting with similar key symptoms, detecting patients at risk of delirium and 

diagnosing delirium during inpatient rehabilitation is challenging. Validated screening 

tools, such as the Confusion Assessment Method (CAM), have been developed to 

detect delirium in several inpatient settings.38,40 However, as these tools are only 

partially validated in the rehabilitation setting, they require specialized training and are 

time-consuming, and thus standardized delirium screening in rehabilitation remains 

rare.91 Being able to detect patients at risk of delirium on admission to inpatient 

rehabilitation would allow targeted implementation of non-pharmacologic prevention 

measures for delirium, which have been demonstrated to be more effective than 

treatment measures.67 

 

Clinical prediction models (CPMs) are research-based tools that quantify the 

contributions of relevant patient characteristics to calculate a numeric probability of 

the presence or development of a specific disorder; thus, they assist clinicians in 

making predictions.143 

In a previous case-control study based on electronic health records (EHRs) of 

ZURZACH Care, an inpatient rehabilitation clinic in Switzerland, we evaluated a broad 

spectrum of risk factors for incident delirium during inpatient rehabilitation, including 

patient characteristics, specific conditions and administered drugs.118 

 

Based on the results of the previous case-control study, this study aimed to develop a 

CPM to predict the risk of an individual patient of developing incident delirium during 
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an inpatient rehabilitation stay, based on patient characteristics, functional scores, 

diagnosed conditions, and administered drugs on admission to rehabilitation.  
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Methods 

Source of Data 

We used data from the EHRs of ZURZACH Care, Rehaklinik Bad Zurzach, an inpatient 

rehabilitation clinic in Switzerland. EHRs comprise medical notes (including terms that 

are suggestive of incident delirium, as validated in a previous study),95 patient and 

rehabilitation specific characteristics such as age, sex, and rehabilitation discipline, as 

well as clinical data such as diagnoses (recorded as ICD-10 codes),25 administered 

drugs (recorded as ATC-codes),137 the Functional Independence Measure (FIM),18 

and the Cumulative Illness Rating Scale (CIRS).21 

Participants 

We included all rehabilitation stays of patients who were admitted for inpatient 

rehabilitation between 1 January 2015 and 31 December 2018. Single patients may 

have contributed to more than one rehabilitation stay, if they were referred for 

rehabilitation several times during the study period. We excluded all stays of patients 

with missing information on age, sex, and rehabilitation discipline. This study was 

approved by the Ethics Committee Northwest/Central Switzerland (Project-ID 2018-

01351). 

Outcome 

The outcome was defined as an incident delirium at some point during the 

rehabilitation stay. The definition and validation of the outcome delirium in this dataset 

has been described in detail previously.95 Briefly, we defined 15 key words commonly 

used to describe delirious patients in medical notes. Profiles of patients with at least 

two recorded key words during rehabilitation and no diagnosis of delirium on 

admission were reviewed by at least two independent physicians, based on predefined 

evaluation criteria to confirm or refute the diagnosis of delirium. Patients with only one 

delirium predictive key word in their EHRs, patients whose potential delirium diagnosis 

was refuted in medical review, and patients with prevalent delirium (record of a 

delirium diagnosis on admission) were excluded from the study population. 
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Predictor Variables 

Based on the results of our previous case-control study,118 evidence in the 

literature100,134,135 and clinical expertise of a senior neurologist (P.S.S), we selected 

the following variables as potential predictors for the development of our model:144 

sex, age on admission, rehabilitation discipline (neurology / non-neurology), FIM18 and 

CIRS21 assessed on admission, records of any of the following conditions (ICD-10) 

and/or at least one administration of any of the following drugs classes (ATC-codes) 

on admission: infections (A00-B99 or J01), disorders of fluid, electrolyte and acid-base 

balance (E87), epilepsy (G40-G41), ischemic heart disease (I20-I25), cerebrovascular 

hemorrhage (I60-I62), cerebral infarction (I63), antidiabetic drugs (A10A and A10B), 

drugs for urinary frequency and incontinence (G04BD), corticosteroids systemic 

(H02), thyroid therapy (H03), opioid drugs (N02A), other analgesic and antipyretics 

(N02B), anti-Parkinson drugs (N04B), antidepressants (N06A), and Anticholinergic 

Burden Score (ACB)139 assessed on admission. 

Statistical Analysis 

We described baseline characteristics of patients with or without incident delirium 

during rehabilitation using mean and standard deviation (SD) for continuous variables 

and absolute numbers and frequencies for categorical variables. 

ACB was categorized into high (≥ 3) and low (<3) anticholinergic burden, for all other 

continuous variables (age, FIM and CIRS), the linearity of their relationships with the 

logit of the outcome probability was assessed using linear splines with an initial 

number of 19 knots placed at the 5th, 10th, … and 95th percentiles. The respective 

spline terms were defined as (x – xk×0.05) × (x > xk×0.05) for k = 0, 5, …19. The term with 

k = 0 denotes the respective variable itself. We performed logistic regression analysis 

using both backward and forward selection with alpha=0.01 to remove any non-

informative binary variables and spline terms. Because we aimed to obtain a 

parsimonious prediction model, we deliberately set a low alpha value as selection 

criterion. As the models obtained by forward and backward selection differed slightly 

in the selected spline terms for age, we assessed different “intermediate” models and 

used the Akaike information criterion (AIC) to select the final model among them. 

Discrimination of the final prediction model was evaluated using the C-statistic (area 
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under the Receiver Operating Characteristic [ROC] curve). All statistical analyses 

were conducted using SAS 9.4 (SAS Institute, Cary, NC, USA). 
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Results 

Study Population and Outcome 

Of 9’406 patients who underwent a total of 10’515 rehabilitation stays during the study 

period, we included 8’774 stays for the analysis (Figure 13). Among these, we 

identified 125 validated incident delirium episodes (outcome). Table 1 provides 

baseline characteristics at rehabilitation admission of patients with or without incident 

delirium. Patients with incident delirium during rehabilitation were more often male 

(56.0% vs. 42.9%), older (mean, 77.2 vs. 65.3 years), had a lower FIM (mean, 45.6 

vs. 79.4), a higher CIRS (mean, 18.8 vs. 14.1), and were more often exposed to a high 

ACB (≥ 3) (22.4% vs. 9.1%) than patients without incident delirium. 

Development of the Prediction Model 

Of the 20 candidate predictor variables, 6 were included in the prediction model after 

backward selection: a linear spline of age with one knot at 55 years and a linear spline 

of FIM with one knot at 64, diagnosis of disorders of fluid, electrolyte and acid-base 

balance (E87), use of other analgesic and antipyretics (N02B), use of anti-Parkinson 

drugs (N04B), and ACB ≥3. Initially, age and FIM were included as linear splines with 

19 knots (5th to 95th percentiles). Almost the same variables were included after 

forward selection, except that age >63 years was selected in the forward selection, 

while age >55 years was selected in the backward selection. We thus ran a model 

including two knots of age, at 55 and 63 years. Here, the first knot turned out to be 

statistically highly insignificant so that we kept the knot at 63 years only. However, we 

then also tested models with knots between 55 and 63 years. Here the model with the 

knot at 60 years showed the lowest AIC with a value of 959.48 (as compared to 959.53 

for the model with the knot at 63 years). We thus considered the model with age >60 

years as final. The area under the ROC-curve of this model yielded 0.9167 (value of 

c) (Figure 14). The resulting prediction function for the logit of the probability of 

developing delirium (DP) thus equaled: 
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logit (DP) = -1.5984 - 0.5913 × N02B (yes/no) + 0.8469 × N04B (yes/no) 

+ 0.7440 × ACB ≥3 (yes/no) +1.0297× E87 (yes/no) 

+ 0.0476 × (age-60) × (age >60) - 0.0466 × FIM 

- 0.0788 × (FIM-64) × (FIM >64)  

 

where the variables (x > a) are defined as 1 if x > a and as 0 if x <= a. 

The estimated probability of developing delirium is then given by the following 

equation: 

 

DP = exp(logit(DP)) / (1 + exp(logit(DP))) 

 

We subsequently implemented the prediction function of delirium within an Excel file, 

in order to render it user-friendly (Figure 15). 
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Table 16: Baseline characteristics of the incident delirium group and the non-delirium group at 

rehabilitation admission. 

Characteristics Non-delirium 

(n=8'649) 

Incident delirium 

(n=125) 

Sex, N (%) 

     Female 4937 (57.08) 55 (44.00) 

     Male 3712 (42.92) 70 (56.00) 

Age, mean (SD) 65.28 (15.86) 77.17 (9.88) 

Age group, N (%) 

     <65 3710 (42.90) 13 (10.40) 

     65-74 2026 (23.42) 23 (18.40) 

     75-84 2190 (25.32) 62 (49.60) 

     ≥85 723 (8.36) 27 (21.60) 

Rehabilitation disciplines, N (%) 

     Angiology 554 (6.41) 5 (4.00) 

     Cardiology 967 (11.18) 6 (4.80) 

     Headache program 430 (4.97) 0 

     Neurology 2429 (28.08) 89 (71.20) 

     Orthopedics 2578 (29.81) 19 (15.20) 

     Pain program 467 (5.40) 1 (0.80) 

     Rheumatology 1008 (11.65) 2 (1.60) 

     Others 216 (2.50) 3 (2.40) 

FIM at admission, mean (SD) 79.38 (19.43) 45.64 (18.40) 

CIRS at admission, mean (SD) 14.14 (8.63) 18.77 (8.19) 

ACB at admission, N (%) 

     high anticholinergic last (≥ 3) 790 (9.13) 28 (22.40) 

     low anticholinergic last (<3) 7859 (90.87) 97 (77.60) 
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Figure 13: Flowchart of study population selection. Patients with incident delirium had at least 2 
recorded delirium predictive key words (commonly used terms to describe delirious patients) who 

were classified as incident delirium episodes by two to three independent physicians as defined in 
a previous validation study.95 Patients with non-delirium did not have any record of delirium 

predictive key words in their medical notes or a diagnosis of prevalent delirium on admission. 

  

8’774 rehabilitation stays included in the analysis 

10’515 rehabilitation stays admitted to inpatient rehabilitation between 2015 and 2018 

Exclusions: 
- 25 missing patient characteristics 
- 725 one predictive key word 
- 562 delirium present on admission date 
- 429  delirium refuted in medical validation 

125 incident delirium 8’649 non-delirium 
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Figure 14: Receiver operating characteristics (ROC)-curve of the final model. 

 

 

Figure 15: Example of risk calculation on excel sheet according to prediction function of the final model. 
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Discussion 

In this observational study based on EHRs, we developed a clinical prediction model 

to predict the risk of an individual patient of developing incident delirium during 

inpatient rehabilitation. Age, FIM, diagnoses of disorders of fluid, electrolyte and acid-

base balance (E87), use of other analgesic and antipyretics (N02B) or anti-Parkinson 

drugs (N04B) on admission, and an ACB ≥3 were selected as predictor parameters. 

The measured area under the ROC curve of the final model was 0.916 (value of c), 

which indicates a very good level of discrimination between positive and negative 

predictions. 

Age and FIM showed proportional resp. inversely proportional associations with the 

risk of delirium, but only above resp. below certain values (age >60 years and FIM 

<64). Advanced age (>60 to >70 years, depending on the study) has repeatedly been 

reported as a risk factor for delirium within the rehabilitation setting.100,134–136 A 

previous study also suggested that FIM is associated with an increased risk of 

delirium. Patients who developed incident delirium during inpatient rehabilitation had 

a significantly lower FIM on admission compared to patients who did not develop 

delirium.134 Interestingly, we observed that use of analgesics and antipyretics (N02B) 

was associated with a lower risk of delirium. This indicates that an effective pain 

management may reduce the risk of delirium not only within postoperative settings,145 

but also in rehabilitation. Four previous studies reported a clinical prediction model for 

the risk of incident delirium in non-rehabilitation settings.146–149 Two of them were 

performed in an acute hospital,147,148 one in intensive care,146 and the last one among 

patients after a stroke.149 Excluding age, which was included in three146,147,149 out of 

the four models, the included predictive parameters were highly heterogeneous across 

studies. Of the two models developed in acute hospital settings, the first one (among 

trauma patients >18 years of age) included the Glasgow Coma Scale, the BMI, the 

Clinical Frailty Score and two laboratory parameters (fibrinogen degradation products 

and lactate);148 the second model (among patients >60 years of age) included age, 

the C-reactive protein (CRP), the blood urea level, the number of prescribed drugs, 

and use of one of the following drug classes (ATC-Code): anxiolytics (N05B), anti-

dementia drugs (N06D), antidepressants (N06A), anti-Parkinson drugs (N04), drugs 

used in diabetes (A10), antipsychotics (N05A), opioids (N02A), hypnotics and 

sedatives (N05C) as predictive parameters for the risk of delirium.147 The model 
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developed in the intensive care included the medical discipline (internal medicine, 

surgery, traumatology or neurology), the diagnoses of infection or metabolic acidosis, 

the use of morphine or sedatives and the urea blood level.146 Finally, the model based 

on patients after a stroke included age, the presence of cerebral hemorrhage, or a 

brain lesion volume of >40 cm3 and two laboratory parameters (gamma-glutamyl 

transferase and bilirubin).149 Despite the fact that all models were developed based 

on high mathematical accuracy, it seems that the subjectivity in the preselection of 

potential predictive parameters due to different settings and parameters available had 

a great influence on the final prediction parameters included in the models. However, 

some of these parameters are common for conditions that are associated with 

delirium, as the CRP value for infections, lactate or urea values for metabolic acidosis 

or acid-base regulation imbalance, or the number of prescribed drugs for the 

dopaminergic system or the anticholinergic burden on the central nervous system. Our 

model also partially includes parameters related to some of these conditions 

(electrolyte and acid-base balance [E87], use of anti-Parkinson drugs [N04B] and ACB 

≥3), with the exception of infections. This may be due to the different settings, with a 

lower incidence of infections in the rehabilitation setting than in acute hospital or 

intensive care. 

Strengths and Limitations 

The following limitations of our study must be considered. First, our analyses were 

based on routine clinical data, which were not primarily collected for research 

purposes. However, the cases of delirium were validated in a previous study, 95 and 

the same database was also used for a case-control study, in which results showed 

consistency with published literature.118 Second, although we used a systematic 

method to pre-select predictive parameters, based on literature and expert opinion, 

we were restricted to available data in the database; thus it is possible that some 

parameters selected in prediction models of other studies were not considered, 

although they are associated with the risk of incident delirium. Third, although the 

statistical parameters indicate very good robustness of our model, the model has not 

yet been externally validated. An external validation would confirm the sensitivity and 

specificity of our model and should be performed before implementing the model in 

clinical practice. 
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An important strength of our model is the suitability to be used directly on admission 

to inpatient rehabilitation, as the parameters necessary for prediction are part of 

routine clinical data and already available at that time. 

  



 112 

Conclusions and Implications 

In our study, we developed a clinical prediction model to predict the risk of an individual 

patient of developing delirium during inpatient rehabilitation, based on patient 

characteristics, functional scores, diagnosed conditions, and administered drugs 

recorded in the EHRs of patients on admission to the rehabilitation facility. Considering 

the above-mentioned limitations, and after performing external validation as a further 

step, our model could provide an innovative method to screen patients for the risk of 

developing delirium during rehabilitation, based on factors present at admission to 

inpatient rehabilitation, and thus allow a targeted implementation of well-established 

delirium prevention strategies.67 
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General Discussion 

 

Within inpatient rehabilitation, the knowledge about risk factors that lead some patients 

to develop delirium and the negative impact that delirium has on functional 

rehabilitation outcomes is limited. Improving this knowledge could raise awareness 

about this debilitating brain syndrome. It would also facilitate the identification of 

patients who are susceptible to developing delirium during rehabilitation and would 

allow the implementation of targeted delirium prevention measures. 

 

The primary goal of this thesis was to identify a set of risk factors for the development 

of incident delirium during inpatient rehabilitation. Furthermore, this thesis aimed to 

describe the impact of delirium on functional rehabilitation outcomes and length of 

rehabilitation stay, and to develop a clinical prediction model based on parameters 

available on admission able to quantify an individual’s risk of developing delirium 

during rehabilitation. 

 

Because incident delirium episodes were not recorded systematically in the EHRs of 

our study population, comprising patients who underwent rehabilitation at ZURZACH 

Care, Rehaklinik Bad Zurzach, an inpatient rehabilitation clinic in Switzerland, 

between 1 January 2015 and 31 December 2018, in the first project of this thesis, we 

developed and validated a chart-based method able to detect incident delirium 

episodes within EHRs of inpatients undertaking rehabilitation. This method, based on 

the identification of delirium predictive key words within medical notes, was able to 

detect incident delirium episodes with low to moderate accuracy only (overall PPV 

0.23 [95% CI 0.19–0.26]). However, supplemented with expert review, the developed 

method efficiently yielded a validated population of 125 incident delirium episodes for 

further research purposes. 

 

The subsequent project, a retrospective matched case-control study based on 

routinely collected clinical data of inpatients and the previously validated case 

definition of patients with delirium, identified older age, neurological rehabilitation, 
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reduced FIM, and high disease (CIRS) or anticholinergic burden (ACB) at admission 

as factors associated with a considerably increased risk of incident delirium during 

rehabilitation. More specifically, patients with infectious diseases, disorders of fluid, 

electrolyte and acid-base balance, and Parkinson’s disease at admission, and patients 

treated with laxatives, heparins, antidepressants, dopaminergic agents, and 

antipsychotics during rehabilitation, were at an increased risk of developing delirium 

compared with patients without these conditions or patients not receiving these drug 

classes. Furthermore, patients who became delirious during rehabilitation had a longer 

mean stay and a poorer functional rehabilitation outcome, quantified by the FIM 

improvement between admission and discharge, than patients without delirium. 

 

In the third and last part of this thesis, we developed a clinical prediction model based 

on parameters available at rehabilitation admission to calculate the risk of an individual 

patient of developing incident delirium during inpatient rehabilitation. Age, FIM, 

diagnoses of disorders of fluid, electrolyte and acid-base balance, use of other 

analgesic and antipyretics or anti-Parkinson drugs on admission, and an ACB ≥3 were 

selected as predictor parameters. The subsequent implementation of the prediction 

function of delirium within an Excel file allows, upon validation of the model, user-

friendly calculation of an individual’s risk of developing incident delirium during 

inpatient rehabilitation. 

  



 115 

Challenges and Opportunities of using Real-World Data  
for Epidemiological Research 

As a result of global digitalization, the availability of real-world data (RWD) has 

increased exponentially in recent years in various areas of the healthcare system as 

well as in daily life. RWD are defined by the FDA as “data relating to patient health 

status and/or the delivery of health care routinely collected from a variety of 

sources”.150 Sources of RWD are typically EHRs, claims and billing databases, 

disease registries, and patient-generated data such as health data from wearable 

devices (Figure 16).151 

 

 

Figure 16: An overview of types and sources of real-world data. (Swift et al.151) 

 

Due to the lower costs and the increasing accessibility of RWD compared to traditional 

data collected in clinical trials, the interest of the scientific community in analyzing 

these data to generate real-world evidence (RWE), namely the clinical evidence 

regarding the usage and the potential benefits or risks of a medical product derived 

from the analysis of RWD, has increased parallely.152 

However, if compared with data from traditional clinical trials, RWD have several 

limitations, which have to be addressed properly, i.e., by pre-processing RWD, to 

avoid misinterpretation of research findings. First of all, RWDs are often unstructured 
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(e.g., free-text entries, or use of different codes or scores) and sometimes inconsistent 

due to interpersonal, interprofessional, and interdisciplinary heterogeneity in recording 

these data. Second, RWD may be incomplete by missing data entries or by lacking 

relevant data, such as a diagnosis of interest. Third, RWD can be affected by different 

types of bias or measurement errors. For example, RWD may not be representative 

of a population of interest if the data are collected only from a subset of this population 

(e.g., by using health data from smartwatches, which are more popular among young 

people). Fourth, the amount of data available is often much larger than the number of 

variables needed for the analysis. Errors may therefore occur during data reduction or 

selection. Fifth, as information from RWD is often sensitive (e.g., medical histories, 

disease status, financial situations, and social behaviors) privacy and ethical issues 

may limit the accessibility to such databases.152 Researchers should make every effort 

to ensure that RWD collection, storage, sharing, and analysis follow established data 

privacy principles, on the other hand, policymakers should facilitate access to RWD 

for researchers that fulfill these privacy standards. 

It is fundamental to maintain scientific rigor during the RWE generation process from 

RWD. Results would require medical validation either using expert knowledge or 

conducting reproducibility and replicability studies before they are used for decision-

making.153 Engagement of key stakeholders (i.e., regulatory or government agencies, 

research institutes, or industries) should be encouraged to establish data quality 

standards for RWD. In Switzerland, the further use of health-related personal data for 

research projects is currently difficult for legal as well as structural reasons. However, 

the Federal Council has recently decided on a new strategy to facilitate the use of 

linked health data for research purposes. This includes common standards for data 

exchange and the creation of legal bases for facilitated data access and further use.154 

This may allow, on the one hand, a more efficient and linked use of existing databases, 

such as disease registers and statistics, and health insurance billing data, and on the 

other hand, a better sharing of the huge amount of health data generated by health 

care providers that currently remain unused. 

If the above-mentioned limitations of RWD are appropriately taken into account in the 

planning and conduct of a study, they may also offer advantages over data collected 

in traditional clinical trials. For example, RWD from clinical routines, such as from 

EHRs, allow assessing outcomes in real-life conditions, including certain population 

groups which are normally excluded due to ethical reasons from clinical trials (i.e., 
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pregnant women, children, elderly, and polymorbid patients). For this reason, clinical 

prediction models which require real-world conditions, are also often based on EHRs 

data.155 A further field of application of RWD is in the study of rare diseases, where 

classical clinical trials are often too small to investigate outcomes (e.g., drug effects) 

among patients with a rare disease. The use of rare disease registries instead allows 

the collection of sufficient information to conduct such studies.156 Furthermore, the use 

of claims data allows the study of outcomes in outpatient settings, such as medication 

usage or adherence.157 

 

There are several methods to analyze RWD and their choice often depends on the 

source and type of available RWD. When RWD are particularly voluminous, messy, 

or unstructured, machine learning (ML) methods are particularly useful for pre-

processing and analyzing such data. For example, natural language processing (NLP) 

is based on sophisticated ML algorithms, which can process unstructured free text or 

semi-structured clinical data (e.g., medical notes) from EHRs into structured 

outcomes, such as disease diagnoses or exact values.158 Furthermore, modern ML 

techniques are able to elaborate very voluminous and dynamic databases, such as 

mobile health data.152 

 

In our study, we primarily used RWD from EHRs and claims data. Part of the data, 

such as patient characteristics, medication use, and functional scores were well-

structured and reliable. By contrast, the medical notes we used to identify incident 

delirium episodes were unstructured and affected by interpersonal and 

interdisciplinary heterogeneity. Because we found more than one publication 

demonstrating that delirium or dementia can be detected with elevated sensitivity and 

specificity by screening medical charts,106,111 and a further study published a list of key 

words suggestive of delirium episodes,110 we developed our chart-based method to 

detect incident delirium episodes based on this latter approach, rather than using more 

complex ML methods. Looking back and considering the low-to-moderate accuracy 

demonstrated by our chart-based method, ML, specifically NLP, could have been used 

to improve the accuracy of our method. Thanks to a higher level of complexity, NLP 

learns to identify signs of diseases from text patterns, and, above all, it can adapt itself 

to pattern variations and thus deal with heterogeneity issues. However, it is important 

to consider that very large databases are needed to ensure a good degree of reliability 
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of ML methods, so the question if the use of NLP would have yielded better results 

than our chart-based method remains difficult to answer.159 We also compared our 

findings with the diagnoses of delirium extracted from the claims data to establish 

whether this latter data source could be alternatively used to identify delirium episodes. 

However, as mentioned in the discussion of the first project, we observed that claims 

data were unsuitable to identify incident delirium episodes. 
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Common Sources of Error in Epidemiological Studies 

When interpreting the findings of an epidemiological study, one should always be 

aware that an observed association may not represent the true effect of exposure but 

simply the result of an error due to chance (random error), bias, or confounding.160 

Random Error 

Random error is the result of variability that occurs by chance and can affect the 

accuracy of the analysis in two ways: a study outcome suggests an association 

between variables that does not exist (type 1 error), or there is an association between 

variables, which is not detected by the analysis (type 2 error). The risk of false positive 

associations (type 1) occurs frequently in clinical studies that analyze a large number 

of associations simultaneously. The random error depends primarily on the sample 

size and can be estimated and quantitatively expressed using p-values and 

confidence intervals. Although it cannot be eliminated, it can be controlled using larger 

sample sizes and efficient statistical analysis.160 

Bias 

Bias is defined as “any systematic error in the design, conduct or analysis of a study 

that results in a mistaken estimate of an exposure’s effect on the risk of disease”.161 

Several types of bias have been recognized in epidemiological studies, but generally, 

they can be classified into two main categories: selection bias and information bias. 

Selection bias occurs when the characteristics of individuals within the comparison 

groups (affecting comparability) or the characteristics of individuals participating in the 

study and those not participating (affecting generalizability) differ systematically. 

Information bias occurs when the means used to obtain information on exposure or 

outcome are inadequate or differ systematically between comparison groups. 

Consequently, this may lead to the misclassification of subjects concerning exposure 

and/or outcome (misclassification bias).161 As mentioned in the introduction, the most 

common types of bias for case-control studies are selection bias and recall bias, a 

subtype of information bias.8 Regarding the first one, the process of control selection 

of a case-control study must be carefully conducted. In the ideal scenario, a control is 

as similar as possible to its own case except for the absence of the outcome. For this 
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purpose, controls should be selected from the same source population (e.g., the same 

setting) as cases to have similar characteristics. 

In our case-control study, we selected cases and controls from the same population 

within rehabilitation settings; however, to minimize the risk of classifying a delirium 

case as a control (misclassification bias), we deliberately excluded patients with any 

evidence of delirium from the selection pool of controls: i) patients who became cases 

at any time during the rehabilitation stay, ii) patients with potential prevalent delirium 

episodes (i.e., patients who already had a delirium diagnosis at admission date or 

patients who already had delirium predictive key words detected on admission), iii) 

patients with uncertain delirium episodes (i.e., patients with only 1 detected delirium 

predictive key word), and iv) patients with unconfirmed delirium episodes (i.e., patients 

with at least 2 detected delirium predictive key words, who were classified as no 

incident delirium by the expert review). This approach may have introduced a potential 

selection bias as approximately 20% of the source population was excluded from the 

selection pool of controls. 

A further critical process in the design of a case-control study is the assessment of the 

exposures. During exposures assessment, metrics and time must be defined to 

quantify whether a subject is exposed or unexposed: for example, to assess exposure 

to drugs, it may be necessary to define a temporal window as well as the number of 

administrations, or the cumulative dose required to consider a subject exposed. The 

appropriate quantification of exposure depends on the knowledge about the supposed 

biological mechanism inducing a health effect or disease but is often limited by data 

availability.162 

As described in the introduction, the pathogenesis of delirium is usually multifactorial 

and based on the interactions between pre-existing, predisposing factors, and acute 

or sub-acute precipitating factors.44–46 Without the availability of pre-admission data, 

our approach in the case-control study was therefore to consider measurable 

exposures on admission, such as comorbidities and degree of comorbidities as pre-

existing factors, and during rehabilitation measurable exposures, such as drug 

administration, as acute (and possibly precipitating) factors. This approach could have 

introduced some misclassification bias as this generalization is only partly extendible 

to all disorders or drug classes included in the analysis. For example, we considered 

an individual to be exposed to an acute infection even if the delirium episode occurred 

weeks after admission when the infection was probably already cured. 
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Concerning recall bias, it is unlikely that our study is affected by this systematic error 

since our analyses were based on EHRs systematically recorded data rather than 

patient-reported data. 

Confounding 

Confounding is one of the most concerning issues in observational studies and may 

distort the observed measure of association. A confounder is a known risk factor for a 

certain outcome, which is also associated with the assessed exposure, without being 

a direct consequence of this exposure. Confounding can be identified by stratifying 

the analysis for the confounder. However, methods to reduce confounding are only 

applicable to known and measurable confounders. Since in observational studies, the 

study groups are not allocated by randomization, residual confounding due to 

unmeasurable factors can never be completely ruled out. For this reason, 

observational studies are normally unsuitable to conclude causative associations.161 

As explained in the discussion of the case-control study, some of the observed 

associations, for example, the one between heparins or laxatives and incident 

delirium, could be the result of a confounding factor, such as the patients’ immobility 

in the given example. However, such confounders can be relativized if we consider 

the exploratory (hypothesis-generating) purpose of our study, which did not aim to 

prove a causal inference of singular risk factors. 
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The Impact of the SwissDRG on Delirium Management among Swiss 
Rehabilitation Facilities 

Since the introduction of the SwissDRG system in 2012, the financial remuneration of 

hospitals in the Swiss healthcare system has radically changed. According to 

SwissDRG, the remuneration is primarily based on diagnosis-related flat rates that are 

uniform throughout Switzerland and, therefore, no longer correlated to the time spent 

in the hospital.163 The goals of the SwissDRG flat rates were more transparency and 

a better base for comparing the services of Swiss hospitals. As a consequence, the 

overall average length of stay in acute hospital has been drastically reduced in the last 

years (10.1 days in 2006 vs. 8.1 days in 2018),164 so that patients with a condition 

requiring rehabilitation, such as a stroke, are transferred earlier to rehabilitation 

compared to the past. Although an earlier rehabilitation start has been associated with 

better functional rehabilitation outcomes,165,166 many clinical issues of the acute 

setting, including delirium occurrence, were shifted to the rehabilitation setting. 

Therefore, Swiss rehabilitation clinics are faced more often with patients who 

experience delirium than in the past and the question remains whether they have also 

implemented sufficient guidelines for the prevention and management of delirium. 

A survey conducted in 2022 in Switzerland showed that only 23% of surveyed 

rehabilitation clinics have an internal guideline for delirium management and of these, 

less than half provide systematic screening of patients at risk of delirium. One of the 

most frequently cited reasons for not having an internal guideline was “no or rare 

delirious patients, or treatment not possible on site”.167 These explanations stand in 

contrast with the high prevalence and incidence of delirium reported among 

rehabilitation inpatients, especially the elderly,35,36,83,85 and suggest a lack of 

awareness in Swiss rehabilitation clinics attributed to this brain syndrome. 

Furthermore, based on clinical experience within Swiss rehabilitation clinics, it is 

relatively common for a patient to be transferred back to the acute hospital as soon as 

a delirium episode occurs, which leads to additional costs, a great effort for all 

involved, and above all a further change of environment for the already disoriented 

patient. 

By providing a broad overview of the main risk factors for incident delirium in 

rehabilitation, highlighting the consequences of delirium on rehabilitation outcomes, 

and developing a clinical prediction model to identify patients at risk of delirium at 
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admission, we hope to improve the awareness of this condition within the Swiss 

rehabilitation setting.  
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Outlook and 
Translation into Clinical Practice 

Chart-Based Method to Identify Patients with Delirium During Rehabilitation 

Our first project aimed to develop an automated chart-based method to identify 

patients with incident delirium within EHRs for further research purposes. This would 

have facilitated the use of retrospective data to conduct retrospective observational 

studies, with the final goal of better understanding the incidence and risk factors of 

delirium in the rehabilitation setting. For reasons described in detail in the discussion 

of the first project, our chart-based method showed only a low to moderate accuracy 

and was therefore not suitable for the intended purpose. In clinical practice, where 

every report of a potential delirium episode is ideally examined by a physician and a 

suspected false positive diagnosis can be refuted, preventive use of this chart-based 

tool is imaginable to identify patients with, or in the process of developing, delirium 

during inpatient rehabilitation. For instance, the chart-based tool could be integrated 

into the electronic clinical documentation system to generate an automatic alert 

notification to make the physician in charge and the rest of the clinical staff aware if 

two or more key words suggestive of delirium are detected in recently documented 

clinical notes. This would not replace the systematic screening of patients at risk of 

delirium or the reporting by caregivers of potential delirium episodes but would 

complement them. As mentioned in the introduction of the first project, chart-based 

methods have the advantage to detect delirium episodes occurring outside the 

screening times of interview-based methods,109 and are more reliable than voluntary 

reports. 

Recommendations based on Individual Delirium Risk Factors 

Because of the limited available literature, especially on associations between 

administered drug classes and the occurrence of incident delirium, our second project 

aimed to give a broad overview of the main risk factors for incident delirium during 

inpatient rehabilitation. Therefore, we performed an explorative case-control study 

assessing all exposures that were sufficiently prevalent among our study population 
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and only adjusted our analyses for basic covariates (age, gender, discipline of 

rehabilitation) that we considered potential confounders common to all investigated 

associations. As a result, the observed associations have to be seen as a set of factors 

that are crudely, not necessarily causally, associated with incident delirium. None of 

the associations should therefore be considered individually without the context of all 

other results. 

In the next step, one could select among the observed associations those with more 

clinical relevance, such as age, functional scores, or some comorbidities, or those 

modifiable, such as new drugs prescriptions or the ACB score, and test them singularly 

as risk factors for incident delirium. To do this, it would be necessary to consider each 

association separately and adjust for its specific set of confounders. The results of 

such hypothesis-testing studies could, in context with all other available literature on 

the topic, be used to make clinical recommendations to prevent incident delirium 

during inpatient rehabilitation. 

A project toward this purpose has already started with a medical dissertation at 

ZURZACH Care, with the final aim of developing delirium management guidelines 

specific to the rehabilitation setting. 

Clinical Prediction Model for the Systematic Delirium Screening on Admission 
to Inpatient Rehabilitation 

The clinical prediction model developed in the third project of the thesis is able to 

calculate the individual risk of a patient of developing incident delirium during inpatient 

rehabilitation. However, as stated in the limitations of the study, the model has not yet 

been validated and a fundamental next step of this project would be external 

validation. By conducting a validation study in an external dataset with the same 

available variables and comparing the performance of the clinical prediction model 

against a gold standard for the delirium diagnosis, such as a prospective screening 

with a validated delirium screening tool, it would be possible to evaluate sensitivity and 

specificity of the model and thus enable its implementation in clinical practice. For 

instance, our model could be used to automatically screen all patients on admission 

to inpatient rehabilitation and identify patients with a high risk of developing delirium 

who need preventive measures and special surveillance. An automated prediction 

model with sufficiently high sensitivity and specificity would save time compared to the 
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use of classical delirium screening tools and above all would effectively deploy 

resources to implement effective delirium prevention measures. 
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Tools: 
 

1. DeepL Translate, Deepl SE: https://www.deepl.com/translator  

Translation of some text passages. 


