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A B S T R A C T

Background: Anticholinergic drugs may increase the risk of delirium in non-critically ill patients, but it is unclear
whether exposure to these drugs is also a risk factor for Intensive Care Unit (ICU) delirium. In this study the
hypothesis was tested that anticholinergic drug exposure at ICU admission increases the risk to develop delirium
during ICU stay, particularly in patients with advanced age and severe sepsis.
Methods: A prospective cohort study was performed in the mixed 32-bed medical-surgical ICU of the University
Medical Center Utrecht, the Netherlands in the period from January 2011 till June 2013. Included were non-
neurological patients that were consecutively admitted for more than 24 hours. The presence of delirium was
evaluated each day using a validated algorithm based on the Confusion Assessment Method for the ICU (CAM-
ICU), the initiation of delirium treatment as well as chart review by researchers. Anticholinergic drug exposure
at ICU admission was assessed using the Anticholinergic Drug Scale (ADS). To evaluate the association between
anticholinergic drug exposure at ICU admission and the risk of developing delirium, we performed multivariable
competing risk Cox proportional hazard analysis corrected for confounding factors.
Results: Approximately half (47%, n=513) of the 1090 included patients developed delirium during ICU ad-
mission. The absolute risk for delirium development increased with more anticholinergic drug exposure: 42% in
patients with ADS score=0, 49% in patients with ADS score=1, and 53% in patients with ADS higher than 1.
Taking competing events (death and discharge) and potential confounding factors into account, the sub-
distribution hazard ratio (SHR) was 1.13 (95% CI: 0.91-1.40) for ADS score=1 point and 1.35 (95% CI: 1.09-
1.68) for ADS ≥2 compared with an ADS score=0 (no anticholinergic drug exposure). The effect was strongest
during the first days of ICU admittance and was strongest in patients above 65 year without severe sepsis and/or
septic shock (SHR 2.15, 95% CI 1.43-3.25).
Conclusions: Anticholinergic drug exposure at ICU admission increases the risk of delirium in critically ill pa-
tients. This effect was most pronounced in patients older than 65 years without severe sepsis and/or septic shock,
and declining over time.

1. Background

Delirium frequently complicates Intensive Care Unit (ICU) stay
[1,2]. The costs accompanying delirium are high [3], mainly due to an
increased length of stay both in the ICU and in the hospital [1,4,5]. In
addition, delirium is a burden for patients and a risk factor for long-

term cognitive impairment [6].
Although several delirium risk factors have been described, it is

incompletely known which patients are particularly at risk to develop
delirium [7,8]. Medication with anticholinergic effects is presumed to
be a precipitating factor based on the central cholinergic deficit hy-
pothesis [7,9]. The presumed reduction in acetylcholine activity in
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delirium is supported by observations that the use of anticholinergic
drugs may increase the risk of delirium in non-ICU patients [10]. In
addition, acetylcholine is involved in processes such as attention and
arousal, and these are particularly affected in delirium [2,9,11]. How-
ever, there are very few studies on anticholinergic drugs and the risk of
delirium in ICU patients [12,13,28].

It has been hypothesized that severe sepsis and/or septic shock may
interact with anticholinergic drugs in increasing the risk of delirium
[9]. Both anticholinergic drugs and sepsis may lead to activation of
microglial cells, the macrophages of the brain. When microglia is al-
ready in an activated state for example due to aging, new stimuli may
lead to overactivation, which may lead to long-term cognitive impair-
ment. Furthermore, anticholinergic effects might be more pronounced
in older people due to aging-related changes in metabolism, reductions
in the number of cholinergic receptors and changes in binding affinity
of these receptors, as well as comorbid conditions [7,10,14,15].

The aim of the present study was to investigate whether antic-
holinergic drug exposure at ICU admission is a risk factor for the de-
velopment of delirium, and secondly to test the hypothesis that this
association is influenced by age and severe sepsis and/or septic shock.

2. Methods

2.1. Setting, study design and population

From January 2011 to June 2013, all adults consecutively admitted
to the 32-bed mixed ICU of University Medical Center (UMC) Utrecht,
the Netherlands, for at least 24 h, were prospectively evaluated for the
occurrence of delirium. Patients for whom a delirium assessment was
not possible because of an acute neurological illness that required ICU
admission and those with another disorder reducing the ability to de-
termine delirious state, such as mental retardation or inability to speak
Dutch or English or patients with cardiac arrest with protocolled se-
dation, were excluded. Additionally, patients with delirium upon ICU
admission as diagnosed by the admitting ICU physician and patients
who received haloperidol at ICU admission were excluded. The local
ethics review board (METC, University Medical Center Utrecht) gave
approval for a waiver to obtain informed consent (IRB number 010/
056/c and 12/421/c) given the anonymity of data collection and the
noninterventional nature of the study.

2.2. Anticholinergic drug exposure

Medication use at ICU admission was retrieved from the medical
records combined with information provided by the patient or his fa-
mily, and referring letters so combining both medication prescribed at
home and new prescribed drugs in the hospital. Each drug was assigned
an anticholinergic score based on the Anticholinergic Drug Scale (ADS)
(supplementary material 1). This scale is widely used and well vali-
dated, using multiple methods to asses anticholinergic burden. [17]. In
this scale, the anticholinergic potential of drugs is rated in an ordinal
fashion from 0 to 3: signifying no known anticholinergic activity (0),
anticholinergic association by a serum assay study (1), some clinical
evidence and anticholinergic association by a serum assay study (2),
and marked anticholinergic activity (3). The individual scores of all the
drugs taken by a patient at ICU admission were then summed to de-
termine a total score for a particular patient.

2.3. Delirium assessment

Each day, in the morning, up until death or ICU discharge, patients
were assessed for delirium in the preceding 24 h by a dedicated re-
search team following a 5-step algorithm for daily mental status clas-
sification [16]. This algorithm has been developed and validated in the
mixed ICU of UMC Utrecht, with interrater observer agreement ranging
from 0.94–0.97, 0.75 sensitivity and 0.85 specificity [16]. With this

flowchart, each patient was daily assigned a classification per 24 h as:
1) coma, 2) delirium or 3) awake without delirium.

2.4. Other data collection

Demographics, co-morbidities, chronic medication use, ICU admis-
sion characteristics, physiological measurements and vital signs, were
collected daily by trained physicians dedicated to this patient cohort.
When patients were readmitted to the ICU within 24 h after ICU dis-
charge, the two ICU admissions were merged into one admission.
Patient comorbidities were defined present when noted in the medical
record or when patients used medication to treat the comorbidity, for
example insulin or oral anti-diabetics in diabetes mellitus. Whether
patients had a history of psychopathology prior to hospital admission
was determined using medical records of the hospital information
system. Alcohol abuse was considered present when patients used more
than three standard units of alcohol per day, as documented in the
medical records or mentioned in (proxy) history. The presence of severe
sepsis and/or septic shock was classified using the definitions of the
American College of Chest Physicians and Society of Critical Care
Medicine [18,19,20]. Cardiac failure was defined as a history of heart
failure NYHA class II-IV, or an ejection fraction of <45%, or orthop-
noea.

2.5. Data analysis

All values were presented as mean with standard deviation (SD),
median with the interquartile range (IQR), or number with percentage
(%). Differences between groups were assessed using the Student's T-
test, Mann-Whitney U test, or Chi Square test, where appropriate. To
evaluate the risk of developing delirium during ICU admission depen-
dent on the anticholinergic drug exposure at ICU admission, we per-
formed multivariable competing risk Cox proportional hazard analysis.
As both ICU discharge and death compete with the duration of de-
lirium, these act as competing events. Patients discharged from the ICU
with palliative care were classified as deceased during ICU admission.
The competing risks analysis provides two measures of association: the
cause-specific hazard ratio (CSHR), which estimates in this case the
direct effects of the anticholinergic drug exposure load on the different
outcomes (delirium, ICU discharge and death), and the subdistribution
hazard ratio (SHR) which describes in this study the instantaneous risk
of developing delirium dependent on the anticholinergic load [21].

In all multivariable models, we adjusted for time-fixed covariables
that were chosen a priori based on their expected associations with
anticholinergic burden and delirium in the ICU [8]. Only variables with
prevalence >10% were considered for inclusion in the multivariable
analyses. The Acute Physiology and Chronic Health Evaluation
(APACHE) IV Score was included, as a measure of the severity of illness
at ICU admission, and the maximum Sequential Organ Failure Assess-
ment (SOFA) during ICU admission up until death, discharge or de-
lirium (whichever occurred first), as a measure of the evolution of
disease severity after ICU admission [22,23]. To avoid overcorrection, a
modified SOFA score without the central nervous system component
was used to assess daily severity of illness during ICU admission [22].

We assumed that the effect of the anticholinergic load of medication
used at ICU admission would be largest in the first days of admission in
the ICU, as we assumed that anticholinergic agents would prime the
brain for delirium and later during admission other factors would be
more relevant. We therefore performed a time-varying cause-specific
Cox regression analysis to test for this effect adjusted for the same
variables as in the other analyses.

As we hypothesized effect modification by age and severe sepsis
and/or septic shock, we performed stratified analyses in four subgroups
of patients: aged < 65 years or ≥ 65 years, both with and without
severe sepsis and/or septic shock at ICU admission.

All statistical tests were performed (mean with standard deviation
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with chi squared for nominal data and student's t-test for continuous
data) against 2-sided alternatives and p-values <0.05 were defined as
statistical significant. SPSS 20 (IBM, New York, USA) and R version
3.0.1 and SAS/STAT version 14.1 were used to perform the statistical
analysis. The R-package “cmprsk” was used to plot the cumulative in-
cidence of delirium in the presence of competing risks [22,25].

3. Results

A total of 2669 patients were screened of whom 1579 were ex-
cluded, leaving 1090 included patients (Fig. 1). In 513 (47%) of the
included patients, delirium occurred during admission in the ICU. The
characteristics of the included patients are presented in Table 1. Of
1090 patients, 481 were admitted for a medical reason, 535 were sur-
gical patients and 74 had a major trauma. Surgical reason were general
surgery (abdominal, organ transplant or vascular) in 32% of all patients
and 22% of all patients had cardiothoracic surgery or cardiogenic
shock. Among medical reasons were 31% of all patients with a sepsis
(pneumonia or other), and 15% with another reason. Patients who
developed delirium during ICU admission were on average older, more
often male, had more often a history of alcohol abuse or heart failure,
used more medication classes and had higher maximum SOFA and
APACHE IV scores. They also had more often severe sepsis and/or septic
shock at ICU admission compared with patients who were never de-
lirious. Further, patients who developed delirium were less likely to be
admitted electively, had a longer length of stay in the ICU and higher
ICU mortality, with more frequent use of mechanical ventilation, than
those who never had delirium.

With a prescription proportion of 17% in the whole study popula-
tion, furosemide was the most commonly used anticholinergic drug at
ICU admission, followed by prednisone (12%), temazepam (7%) and
oxazepam (7%). Table 2 shows the exposure to anticholinergic drugs at
ICU admission by delirium status during stay in the ICU. Furosemide
was the only drug with a significantly different prescription proportion
(21% in patients who developed delirium versus 14% in those who did
not, p = 0.008).

Table 3 shows the risk of delirium according to the ADS score of
medication use at ICU admission. Relative to an ADS score of 0, and
after adjusting for competing events and covariables, an ADS score of 1
point was not associated with an increased risk of delirium (SHR=1.13,

95% CI: 0.91–1.40), in contrast to an ADS score ≥ 2 points (SHR=1.32,
95% CI: 1.06–1.64) (Table 3, Fig. 2).

The association of an ADS score ≥ 2 points and delirium declined
over time, with a SHR=1.66 (95% CI 1.24–2.24) in the first 24 h of ICU
admission, SHR= 1.59 (95% CI 1.21–2.01) after 48 h, SHR=1.46 (95%
CI 1.14–1.86) after 72 h and SHR=1.42 (95% CI 1.12–1.80) after 96 h.

With delirium developing in 254/485 (52%) of the patients aged ≥
65 years, delirium was more common compared with 43% (259/605) in
those aged < 65 years (p = 0.002). In addition, patients with severe
sepsis and/or septic shock developed delirium more often (65%, 201/
307) than other patients (40%, 312/783, p=<0.001). Within the four
subgroups, the frequency of delirium was highest (p<0.001) in the
oldest patients with severe sepsis and/or septic shock (73%, 106/146),
followed by younger patients with severe sepsis and/or septic shock
(59%, 95/161), older patients without severe sepsis and/or septic shock
(44%, 148/339) and younger patients without severe sepsis and/or
septic shock (37%, 164/444). However, the highest SHR associated
with an ADS score ≥ 2 was observed in patients aged ≥ 65 years
without severe sepsis and/or septic shock (SHR=2.14, 95% CI:
1.42–3.21), Table 3.

4. Discussion

In summary, we found that anticholinergic drug use at ICU admis-
sion increases the risk of delirium in critically ill patients. This effect

Fig. 1. Flowchart of patient enrollment. Legend: hrs = hours,
ICU = Intensive Care Unit.

Table 1
Patient demographics and clinical characteristics.

Characteristic Deliriumb

(n = 513)
No deliriumb

(n = 577)
p-value

Age in years, mean (SD) 63 (15) 58 (16) <0.001
Male, n (%) 328 (64%) 328 (57%) 0.02
Comorbiditya at hospital

admission
Assisted Living, n (%) 6 (1%) 14 (2%) 0.17
Cerebrovascular disease, n

(%)
63 (12%) 52 (9%) 0.10

Alcohol abuses, n (%) 31 (6%) 14 (2%) 0.004
Hypertension, n (%) 184 (36%) 191 (33%) 0.37
Diabetes Mellitus, n (%) 104 (20%) 112 (19%) 0.78
Cardiac Failure, n (%) 77 (15%) 48 (8%) <0.0001
Psychopathology (all) 0.07
Possible, n (%) 77 (15%) 69 (12%)
Probable, n (%) 61 (12%) 48 (8%)
Definite, n (%) 34 (7%) 45 (8%)
Parkinson's disease, n (%) 1 (0.2%) 0 0.47
No. of medication classesa,

median (IQR)
4 (2–5) 3 (1–5) <0.001

Elective ICU admission, n
(%)

129 (25%) 191 (33%) 0.005

ICU Admission Type 0.70
Medical admission, n (%) 222 (43%) 259 (45%)
Surgical admission, n (%) 253 (49%) 282 (49%)
Trauma admission, n (%) 38 (7%) 36 (6%)
APACHE IV score, mean

(SD)
80 (26) 68 (28) <0.001

Severe Sepsis at ICU
admission, n (%)

201 (39%) 106 (18%) <0.001

Use of mechanical
ventilation, n (%)

496 (97%) 519 (90%) <0.001

Maximum mSOFA score,
median (IQR)

8 (6–10) 5 (3–8) <0.001

Length of ICU stay, median
(IQR)

9 (5–19) 3 (2–5) <0.001

Death at ICU, n (%) 77 (15%) 62 (11%) 0.04

APACHE = Acute Physiology and Chronic Health Evaluation, ICU = Intensive
Care Unit, IQR = Interquartile range, n= number, SD = standard deviation,
mSOFA = modified Sequential Organ Failure Assessment.

a at hospital admission.
b during ICU admission; cpercentages do not count up to 100% due to

rounding.
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was most pronounced in the first days of ICU admission and declined
over time. We confirmed that advanced age as well as sepsis and/or
septic shock increased the risk of delirium. However, when we studied
these factors together in four strata, the highest delirium risk associated
with an ADS score ≥ 2 was observed in patients aged ≥ 65 years
without severe sepsis and/or septic shock.

Previous literature on acetylcholine activity, anticholinergic drugs
and delirium is sparse. Serum acetylcholine activity has been associated
with delirium in postoperative [26,27] and medical patients [10,29],
providing support for the hypothesis that anticholinergic drug use could
increase the risk of delirium. Indeed, in respectively critically ill elderly,
postoperative-, palliative care- and acute stroke patients, it was re-
ported that a higher anticholinergic drug load increased the risk of
delirium [13,30,31,32,33]. However, more recently, exposure to an-
ticholinergic drugs during ICU admission did not increase the risk of
transitioning towards a delirious state [28]. Possible explanations for
the discrepancy in findings of the present study and this previous in-
vestigation[28] may be that our study measures anticholinergic load
prior to ICU admission and found a pronounced effect in the first days
of admission. The other investigation looks into anticholinergic load
during ICU admission and transition towards delirious state.

Assessment of anticholinergic drug exposure with anticholinergic
scales has limitations. Firstly, using these scales the exposure is based
on the use or nonuse of drugs with allotted anticholinergic properties.

However, the ultimate anticholinergic effects may also depend on in-
dividual pharmacokinetic or pharmacodynamic characteristics such as
the plasma concentration at a given dose (because of altered

Table 2
Top 10 of most frequently used medication at ICU admission with anticholinergic propertiesa.

All Deliriumb No deliriumb p-value
(n = 1090) (n = 513) (n = 577)

Furosemide, Rank, n (%) 1. 189 (17%) 1. 106 (21%) 1. 83 (14%) 0.008
Prednisolone, Rank, n (%) 2. 127 (12%) 2. 55 (11%) 2. 72 (12%) 0.42
Temazepam, Rank, n (%) 3. 73 (7%) 3. 34 (7%) 3. 39 (7%) 1.00
Oxazepam, Rank, n (%) 4. 71 (7%) 4. 34 (7%) 4. 37 (6%) 0.98
Digoxine, Rank, n (%) 5. 46 (4%) 5. 26 (5%) 7. 20 (3%) 0.25
Oxycodon, Rank, n (%) 6. 43 (4%) 9 16 (3%) 5. 27 (5%) 0.24
Amitriptyline, Rank, n (%) 7. 38 (3%) 7. 16 (3%) 6. 22 (4%) 0.65
Dipyridamol, Rank, n (%) 8. 35 (3%) 8. 16 (3%) 8. 19 (3%) 1.00
Nifedipine, Rank, n (%) 9. 30 (3%) 6. 17 (3%) 12. 13 (2%) 0.38
Isosorbidedinitrate, Rank, n(%) 10. 28 (3%) 11. 15 (3%) 11. 13 (2%) 0.61
Tramadol, Rank, n(%) 11. 27 (2%) 10. 16 (3%) 14. 11 (2%) 0.28
Codeïne, Rank, n(%) 12. 25 (2%) 15. 11 (2%) 9. 14 (2%) 0.91
Paroxetine, Rank, n(%) 13. 23 (2%) 17. 9 (2%) 10. 14 (2%) 0.58

a According to the Anticholinergic Drug Scale.
b During ICU admission.

Table 3
Anticholinergic drug exposurea at ICU admission and incidence of deliriumb stratified for sepsis and age.

ADS=0 ADS=1 ADS≥2
(n = 512) (n = 284) (n = 294)

Adjusted Subdistributional Hazard Ratiosd for developing delirium
All Patients

(n = 1090, delirium n = 513)
1 (ref) 1.13 (0.91–1.40) 1.32 (1.06–1.64)

Subgroups
Age <65 years, no severe sepsis and/or septic shock

(n = 444, delirium n = 164)
1 (ref) 1.14 (0.78–1.67) 1.24 (0.84–1.84)

Age <65 years, severe sepsis and/or septic shock
(n = 161, delirium n = 95)

1 (ref) 1.12 (0.63–2.01) 1.18 (0.69–2.00)

Age ≥65 years, no severe sepsis and/or septic shock
(n = 339, delirium n = 148)

1 (ref) 1.52 (0.99–2.33) 2.15 (1.43–3.25)c

Age ≥65 years, severe sepsis and/or septic shock
(n = 146, delirium n = 106)

1 (ref) 0.75 (0.47–1.20) 0.84 (0.51–1.39)

ICU = Intensive Care Unit, SHR = subdistributional hazard ratio.
a measured with the anticholinergic drug scale (ADS).
b Using competing risk cox proportional hazard analysis.
c statistical significant with p-value <0.05.
d Adjusted for age, gender, depression, hypertension, diabetes mellitus, cerebrovascular disease, current drinking status, cardiac failure, Acute Physiology and

Chronic Health Evaluation IV Score, elective ICU admission (vs emergency), surgery before ICU admission, severe sepsis and/or septic shock at ICU admission (not in
stratified analysis) and modified maximum Sequential Organ Failure Assessment Score.

Fig. 2. Cumulative Incidence of delirium in relation to anticholinergic
drug exposure. Legend: ADS = Anticholinergic Drug Scale, ICU = Intensive
Care Unit.
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bioavailability), an altered brain access (because of age and disease-
related changes in the blood-brain barrier), and/or modified sensitivity
at the receptor level (because of a change in the binding affinity to the
muscarinic receptor or displacement from the receptor by other drugs)
[39]. All these issues could be an explanation for the larger effect of
anticholinergic burden in older patients in our study population.

Further, there is no consensus which scale represents antic-
holinergic load best [34]. Several scales have been developed, but these
define anticholinergic activity differently; some use anticholinergic
serum activity in combination with expert opinion [17], others also
include clinical information [24,35] and mix with other drug types
[34]. Consequently, the scales differ in the number of included drugs.
Different scales are also used for different side-effects of anticholinergic
agents, such as the risk of dementia, falls, death and hospitalization
[34]. We used the ADS to quantify anticholinergic load, as it may be
superior to other scales because it is based on a serum radio receptor
assay to quantify drug-induced muscarinic blockade as a measure of an
individual's level of anticholinergic activity [27,36,37]. It is thought
that the ADS reflects the cumulative anti-muscarinic burden of all
substances present in a person's serum, including medication, drug
metabolites and possibly endogenous substances.

We found that furosemide was the most commonly used drug at ICU
admission that contributed to the ADS score. This drug was therefore, in
part, responsible for the association of an ADS score ≥ 2 and delirium
in our study. However, experts doubt the anticholinergic properties of
furosemide [34,38]. It could therefore be hypothesized that the asso-
ciation of the ADS score with delirium might be due to confounding by
indication, i.e. the ADS score could be associated with delirium because
cardiac failure, the main indication for furosemide, increases delirium
risk. score and delirium. With additional adjustments for cardiac failure
we corrected for the main indication for prescribing furosemide. As this
did not change our results [data not shown], the main indication for
prescribing furosemide (e.g. cardiac failure) seems not to be a con-
founding factor for risk of delirium in our study. We further found an
equal distribution in use of benzodiazepines and codeine in the delirium
and the non-delirium groups. However, our study was not designed to
evaluate the risk of individual drugs on delirium.

Psychotropic drugs particularly contribute to the ADS score, and it
could therefore be hypothesized that the observed association of the
ADS score with delirium might be due to the fact that psychotropic
drugs are more often used by patients with pre-existing psycho-
pathology, which increases the risk of delirium [40]. We could not
adjust for pre-existing psychopathology as the classification that we
used previously was based, in part, on psychotropic drugs use [40].
However, when we studied the association of an ADS score ≥ 2 points
with delirium, we found that the strength of this relationship declined
over time. This argues for a true association between the ADS score and
delirium as the administration of certain psychotropic drugs that are
used before ICU admission might be discontinued during ICU stay. As
expected, the incidence of delirium in our cohort was highest in older
patients with severe sepsis and/or septic shock [9]. The underlying
mechanism for this association may be that during sepsis, peripherally
produced pro-inflammatory cytokines enter the brain, leading to a
neuro-inflammatory state with neurotoxic effects [9,41], and that
neuro-inflammation is most pronounced in elderly patients in whom
microglia is already primed, leading to overactivation in sepsis. It is
presumed that the cholinergic neurotransmitter system inhibits this
neuro-inflammatory state [9]. The finding that the risk of delirium as-
sociated with the highest anticholinergic drug load was highest in the
stratum of older patients without severe sepsis and/or septic shock, was
therefore unexpected. Is should however be noted that patients without
the classification “severe sepsis and/or septic shock” were also in a
neuro-inflammatory state as inflammation is also associated with rea-
sons for ICU admission, such as major surgery or polytrauma.

Strengths of our investigation include the large sample size, the
prospective data collection, the extensive adjustment for important

confounders and incorporation of competing events in our statistical
analysis. Further, we used a reliable and thorough ascertainment of
delirium based on a validated algorithm for daily classification of
mental status including at least two delirium assessments per day.

Limitations include the lack of confirmation of drugs used at ICU
admission, we did not include this as an exclusion criterium. Since
adherence is a common problem we cannot be sure whether drugs re-
trieved from the medical records and referring letters were actually
taken, this upholds ass well for PRN medication. PNR medication was
scored as actually taken by the patient. Further, we did not have in-
formation on time of use, frequency, or dose. There could also be an
effect of discontinuing medication after admission to the ICU. It is
known that unintentional discontinuation of medication at ICU ad-
mission can have a deleterious effect on mortality [42]. Therefore,
confounding effect of changes in medication with anticholinergic
properties around ICU admission cannot be ruled out. The prevalence of
dementia in our cohort was 0.4% which precluded inclusion of this
variable in multivariable analysis. Also renal and/or hepatic failure
were not prevalent enough to include in the analysis. Further, we could
not use the latest criteria for sepsis and septic shock as these were
published after data collection [43] We classified patients discharged
with palliative care (n = 6) as deceased, at least 4 of them were de-
ceased during hospital admission. This was a single-center study, which
limits generalizability. Finally, we cannot exclude residual confounding
due to unmeasured confounders, although we adjusted extensively.

5. Conclusions

We found that exposure to drugs with anticholinergic effects before
ICU admission increases the risk of developing delirium during critical
illness. We could not confirm our hypothesis that this risk was parti-
cularly high in elderly patients with severe sepsis and/or septic shock.
As delirium is difficult to treat and associated with negative outcomes,
prevention is of paramount importance. Our results suggest that lim-
iting anticholinergic drug exposure at ICU admission could have effi-
cacy in the prevention of delirium.
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