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Abstract

Objectives: Patients hospitalized with stroke develop delirium at higher rates than general 

hospitalized patients. While several medications are associated with existing delirium, it is 

unknown whether early medication exposures are associated with subsequent delirium in patients 

with stroke. Additionally, it is unknown whether delirium identification is associated with changes 

in the prescription of these medications.

Materials and Methods: We conducted a retrospective cohort study of patients admitted 

to a comprehensive stroke center, who were assessed for delirium by trained nursing staff 

during clinical care. We analyzed exposures to multiple medication classes in the first 48 hours 

of admission, and compared them between patients who developed delirium >48 hours after 

admission and those who never developed delirium. Statistical analysis was performed using 

univariate testing. Multivariable logistic regression was used further to evaluate the significance of 

univariately significant medications, while controlling for clinical confounders.
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Results: 1,671 unique patients were included in the cohort, of whom 464 (27.8%) 

developed delirium >48 hours after admission. Delirium was associated with prior exposure 

to antipsychotics, sedatives, opiates, and antimicrobials. Antipsychotics, sedatives, and 

antimicrobials remained significantly associated with delirium even after accounting for several 

clinical covariates. Usage of these medications decreased in the 48 hours following delirium 

identification, except for atypical antipsychotics, whose use increased. Other medication classes 

such as steroids, benzodiazepines, and sleep aids were not initially associated with subsequent 

delirium, but prescription patterns still changed after delirium identification.

Conclusions: Early exposure to multiple medication classes is associated with the subsequent 

development of delirium in patients with stroke. Additionally, prescription patterns changed 

following delirium identification, suggesting that some of the associated medication classes may 

represent modifiable targets for future delirium prevention strategies, although future study is 

needed.

Keywords

stroke; delirium; medications; polypharmacy

INTRODUCTION

Delirium is a disorder of attention and awareness that is common among patients with 

stroke and is associated with a longer length of stay, increased risk of readmission, and 

death.1–3 Patients with stroke are particularly vulnerable to delirium compared to the general 

hospitalized population (13-48% occurrence in patients with stroke, compared to 10-25% 

occurrence among the general hospital population).1 Given that delirium is often incident, 

arising after hospitalization,4 it is important to identify factors that may affect or anticipate 

its development.5 Delirium can be prevented through nonpharmacologic interventions in 

general medical6 and general neurology7 inpatients, however, it is less clear whether such 

interventions can prevent or treat delirium in patients with stroke.8–10 The prevention and 

management of delirium remain an important challenge in the care of hospitalized patients 

with stroke.

Delirium has many potential contributing factors, both non-modifiable factors, such 

as age and cognitive impairment,11–16 and potentially modifiable factors, including 

medications.17–19 In addition to polypharmacy, certain classes of medications are 

thought to be potentially deliriogenic including sedatives,20 antimicrobials,21,22 opiates,23 

antiepileptics,24 medications for the treatment of Parkinson’s disease,25–27 steroids28,29, 

benzodiazepines30, anticholinergics31,32, antiemetics33, mood stabilizers34 and muscle 

relaxants.35 Avoidance of potentially deliriogenic mediations, where clinically appropriate, 

may represent an opportunity for delirium prevention.

While associations between in-hospital medications and delirium have been examined in 

older patients,36,37 ICU patients,38,39 and post-operative patients,30 it is not currently known 

how medications administered early in a hospitalization impact the subsequent development 

of delirium in patients with stroke. Additionally, there is no literature describing to what 

extent the administration of such medications may be clinically modifiable once delirium 
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has occurred. We therefore conducted a retrospective cohort study to determine which 

medications administered in the first 48 hours of hospitalization predicted the subsequent 

development of delirium in patients with stroke. Additionally, we sought to characterize how 

prescribing patterns changed after delirium was identified.

METHODS

Data availability

Anonymized data not published within this article will be made available by request from 

qualified investigators.

Patient population

We performed a retrospective cohort study of all patients admitted to our comprehensive 

stroke center with acute neurovascular disease based on ICD10 coding, including ischemic 

stroke or intracranial hemorrhage, between January 2017 and April 2019. Intracranial 

hemorrhages included all compartments: intraparenchymal hemorrhage, subarachnoid 

hemorrhage, subdural hematoma, and epidural hematoma. Given that we were interested 

in the effect of medications administered within the first 48 hours of hospitalization on 

the subsequent development of delirium, only those with a hospital stay of greater than 48 

hours and a recorded delirium screen were included. We excluded patients who screened 

positive for delirium in the first 48 hours and those who did not have any delirium screen 

recorded. Only one admission was included per patient. The sample size was determined 

by the number of admissions during this time as a sample of convenience. Race, ethnicity, 

marital status, English speaking and insurance payor were all obtained from an internal 

quality improvement database.

Clinical data

Delirium assessments were extracted from the electronic medical record, in addition 

to patient demographics, baseline characteristics, medication administration, and clinical 

outcomes. When available, the NIH stroke scale (NIHSS) was also extracted. Hemorrhage 

severity scores were not included due to the differences in measurement across the 

different hemorrhage types. We used routinely-collected data from admission nursing 

intake screens to estimate baseline characteristics including rates of visual and hearing 

impairment (based on whether (1) a patient was known to have glasses/hearing aids, (2) 

impairment was previously documented in the medical record, or (3) it was reported by 

the patient or a family member), denture use, dependence in activities of daily living, 

and memory impairment. Potentially hazardous alcohol use was determined by either 

an Audit C score on admission suggestive of alcohol overuse40 or use of a Clinical 

Institute Withdrawal Assessment (CIWA) scale.41 We also collected internal administrative 

data identify neurovascular intervention. Relative costs were determined from a hospital 

administrative database in relative units, as per hospital administrative policy.

Delirium assessment

The primary outcome of this study was the development of delirium 48 hours or more after 

admission. Delirium was assessed by trained neurology nurses once per shift (twice daily) 
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as part of routine clinical care, using the CAM-ICU in the Intensive Care Unit42,43 and a 

Confusion Assessment Method (CAM) framework on the wards.44 CAM-based algorithms 

for delirium identification have been validated in various patient populations, including the 

general hospital population44,45 and patients with acute stroke.2,43,46 In patients who were 

intubated, delirium was assessed using the CAM-ICU, a scale using non-verbal responses to 

assess for delirium.42,43

Nursing staff were trained to perform assessments as part of a departmental quality 

initiative through a combination of in-person didactics, in-service sessions, online training, 

and targeted feedback including ongoing discussions from nurse supervisors. Nurses 

were specifically trained regarding CAM administration in the neurosciences population, 

including in the setting of aphasia and dementia. Nurses performed complete neurologic 

exams on every patient, every shift including assessing for aphasia and non-verbal signs 

of attention. This information was paired with longitudinal observation of the patient over 

the course of the entire shift, including evaluation of fluctuations, in order to make a 

determination of delirium status. Interpreter services were utilized for all patients who were 

non-fluent in English. Importantly, staff discussed complex or uncertain cases during daily 

interdisciplinary group rounds, where formalized interdisciplinary checklists prompted the 

identification of each patient’s delirium status. Patients were stratified by their delirium 

status into those who never had a positive delirium assessment and those who first screened 

positive >48 hours after admission. We excluded patients who developed delirium within the 

first 48 hours of hospitalization, in order to examine the importance of potentially delirious 

medications prior to delirium onset.

Medication data

The main exposures in this study were selected medication classes. Based on the 

literature and a priori clinical knowledge, we selected the following potentially deliriogenic 

medication classes for study: sedatives,20 antimicrobials,21,22 opiates,23 antiepileptics,24 

medications for the treatment of Parkinson’s disease,25–27 steroids28,29, benzodiazepines,30 

anticholinergics,31,32 antiemetics,33 mood stabilizers34 and muscle relaxants.35 We also 

looked at sleep aids, as these are often used to manage the disrupted sleep-wake cycles of 

delirious patients,47,48 stimulants, which may cause hyperactive delirium and are sometimes 

used off-label for the treatment of hypoactive delirium,49–51 and cholinesterase inhibitors 

and memantine,52,53 which have been trialed in the prevention and treatment of delirium 

although data has been mixed. Finally, we also examined antipsychotic medications, which 

are frequently used off-label in the management of delirium but may also be potentially 

deliriogenic.54,55

Anticholinergic medications were defined according to the American Geriatric Society’s 

2019 Beers criteria.19 We restricted each medication to appear in only a single therapeutic 

class based on clinical knowledge of common usage (e.g. quetiapine as an atypical 

antipsychotic, rather than also an anticholinergic). Medications in each class are listed 

in Supplementary Table S1. Lastly, when medications were administered via routes with 

minimal systemic absorption they were removed (i.e. topical, inhaled, eye or ear drops, etc).
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Statistical analysis

Descriptive analyses were used to summarize the characteristics of patients who did and did 

not develop delirium in terms of (1) demographic characteristics; (2) clinical characteristics 

related to their hospitalization; (3) clinical outcomes. Medians and interquartile ranges 

were presented for continuous variables, and percentages were calculated for categorical 

variables.

We compared medication class exposures during the first 48 hours of admission between 

patients who did and did not develop delirium. Due to variability in the medications 

used, including doses and routes of administration, as well as a lack of consensus on 

dose conversion for several classes, we evaluated medication exposures rather than doses. 

Chi-square or Fisher’s exact tests were used for categorical variables and the Wilcoxon rank 

sum test was used for continuous variables.

Based on the univariate analysis for medications and a priori knowledge, we built a 

multivariable logistic regression model to test whether medication classes that were 

statistically significant in the univariate analyses remained associated with the development 

of delirium in a multivariable context. We jointly included all medications statistically 

significant in the univariate analyses in a multivariable logistic regression to predict 

the development of delirium. We additionally controlled for selected potential clinical 

confounders in this model, including age, sex, intracranial hemorrhage, and ICU status. 

The specific covariates selected for the model were chosen based on standard demographic 

data (age and sex) and anticipated large clinical characteristic effect sizes (hemorrhage 

and ICU status). Additional baseline characteristics were not included due to a priori 

power concerns given the size of our dataset and the large number of medication classes 

we were studying, and the non-validated routine clinical way in which baseline data was 

collected. Restraints were not included due to concerns for strong confounding by indication 

and lack of documentation around reason for restraint application. Urinary catheters are 

clinically provider-dependent and therefore were not included in the model. Additionally, 

these factors and ventilation status were highly correlated with ICU status. Risk ratios and 

95% confidence interval were presented in the multivariable regression analysis to describe 

the independent contribution of each factor.

Finally, among those patients who developed delirium, we compared the change in 

proportions of patients receiving potentially deliriogenic medications in the 48 hours before 

and after delirium identification, using McNemar’s test. A p-value < 0.05 was considered 

statistically significant in all analyses. Descriptive statistics were performed using MATLAB 

(R2018b, MathWorks), and inferential statistics were performed using SAS software, 

version 9.4 (SAS Institute).

Approval

This study was approved by the Institutional Review Board at Massachusetts General 

Hospital (Boston).
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RESULTS

Patient demographics and baseline characteristics

12,228 admissions to the clinical neuroscience wards occurred during the study period, 

of whom 1,671 unique patients with acute neurovascular diagnoses were included for 

analysis (Figure 1). Of these, 1,034 patients presented with primarily ischemic stroke 

and 637 patients presented with primarily intracranial hemorrhage. Delirium developed 

48 hours or more after admission in 27.8% of patients (464/1671; Table 1). Patients who 

developed delirium 48 hours or more into their hospitalization, as compared to those who 

did not develop delirium, tended to be older, have Medicare or Medicaid insurance, have 

pre-existing hearing and memory impairment, and required assistance with more activities of 

daily living (ADLs) (Supplementary Table S2). Sex, ethnicity, race, and English fluency 

were similar between patients with and without delirium. Patients who did not have 

documented assessments for delirium during their hospitalization tended to be younger, 

were less likely to receive acute interventions, had shorter lengths of stay, and had higher 

rates of discharge home (Supplementary Table S3).

Acute clinical characteristics

Patients who developed delirium were more likely to have intracranial hemorrhage and 

less likely to have ischemic stroke than patients who did not develop delirium (Table 1). 

Median NIH stroke scale scores among ischemic stroke patients were higher for patients 

who developed delirium. Patients who developed delirium were also more likely to have 

received tissue plasminogen activator and neurovascular intervention, and more likely to 

have been in the ICU during the first 48 hours of admission and to have been on a ventilator. 

Patients who developed delirium were also more likely to receive physical restraints and 

urinary catheters within the first 48 hours of hospitalization.

Clinical outcomes

Clinical outcomes were worse in patients who developed delirium during their 

hospitalization (Table 1), including longer length of stay, higher rates of 30-day readmission, 

higher in-hospital mortality, and increased discharge to facilities rather than home. The 

relative total cost of hospitalization was more than two times higher among patients who 

developed delirium.

Medications classes significantly associated with delirium—Patients who 

developed delirium received more unique medications in the first 48 hours after admission 

(median 23.5, IQR 18-29) compared to those who never developed delirium (median 17, 

IQR 12-23, p < 0.0001).

Antipsychotics

Patients who developed delirium were more likely to have received early antipsychotics 

(Table 2). Haloperidol was the most commonly prescribed typical antipsychotic and 

quetiapine the most commonly prescribed atypical antipsychotic. Both typical and atypical 

antipsychotics were significantly associated with delirium, even in the multivariable model 

(Table 3). Following delirium identification, there was a significant reduction in the use of 
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typical antipsychotics, but a significant increase in the use of atypical antipsychotics (Table 

4).

Sedatives

Patients who developed delirium were more likely to have received early sedatives. Propofol 

and dexmedetomidine were the most commonly prescribed sedatives. In the multivariable 

model, sedatives remained significantly associated with delirium, even accounting for 

ICU status. Additionally, the association between sedatives and delirium remained present 

even when performing a stratified analysis for patients receiving mechanical ventilation 

(Supplementary Table S4). Following delirium identification there was a significant 

reduction in the use of sedatives.

Cholinesterase Inhibitors and Memantine

Patients who developed delirium were more likely to have received early cholinesterase 

inhibitors or memantine. However, only 1.8% of patients received such medications in 

this time frame (31/1710). Donepezil and memantine were the most commonly prescribed 

medications in this group. However, the association was not significant in the multivariable 

model and there was no significant change in administration after delirium identification.

Antimicrobials

Patients who developed delirium were more likely to have received early antimicrobials. The 

most commonly prescribed antimicrobials were cefazolin, vancomycin, and ciprofloxacin. 

In the multivariable model, antimicrobials remained significantly associated with delirium. 

Additionally, antimicrobials were significantly associated with delirium in patients with 

ischemic stroke for whom we could additionally control for stroke severity as measured by 

the NIH Stroke Scale (NIHSS) (Supplementary Table S5). Following delirium identification, 

there was a significant reduction in the use of antimicrobials.

Opiates

Patients who developed delirium were more likely to have received early opiates. Opiates 

were the most commonly prescribed medication class among all patients (475/1710, 

27.8%), and oxycodone and hydromorphone were the most commonly prescribed opiates. 

In the multivariable model, opiates were no longer significantly associated with delirium. 

Following delirium identification, there was a significant reduction in opiate administration.

Antiepileptics

Patients who developed delirium were more likely to have received early antiepileptics. 

Levetiracetam was the most commonly prescribed antiepileptic medication. However, the 

association was not significant in the multivariable model. Following delirium identification, 

there was a significant reduction in antiepileptic administration.

Medications not significantly associated with delirium

Anticholinergics: Oxybutynin was the most commonly prescribed anticholinergic 

medication. Anticholinergics were not significantly associated with the development 
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of delirium. Following delirium identification there was no significant change in 

anticholinergic administration.

Steroids: Dexamethasone was the most commonly prescribed steroid. Steroids were not 

significantly associated with the development of delirium. Following delirium identification, 

however, there was a significant reduction in steroid administration.

Benzodiazepines:  Lorazepam was the most commonly prescribed benzodiazepine. 

Benzodiazepines were not significantly associated with the development of delirium. 

Following delirium identification, however, there was a significant reduction in 

benzodiazepine administration.

Stimulants: Only 1.6% of patients (28/1710) received stimulants, the most commonly 

prescribed of which was amantadine. Stimulants were not significantly associated with the 

development of delirium. Following delirium identification, however, there was a significant 

increase in stimulant administration.

Sleep Aids: Sleep aids were not significantly associated with the development of delirium 

in the univariate analysis. Melatonin and trazodone were the most common sleep aids 

prescribed. Following delirium identification, however, there was a significant increase in 

sleep aid administration.

DISCUSSION

Delirium is a complex, multifactorial syndrome that is common and associated with poor 

prognosis among patients with stroke, driving strong interest in identifying potentially 

modifiable risk factors to help prevent or treat it. In patients admitted to a comprehensive 

stroke center, several classes of medications administered in the first 48 hours were 

associated with the subsequent development of delirium, including antipsychotics, sedatives, 

opiates, and antimicrobials. Establishing a temporal context with medication administration 

preceding delirium is an understudied but important step to understanding the clinical 

significance of medications associated with delirium, as identified previously in other patient 

populations.

As in other studies, the association between a medication class and delirium is likely to 

be complex. For example, antipsychotics could be potentially deliriogenic by impairing 

cognition and movement.56–58 However, the association may also reflect confounding by 

indication, as anti-psychotics are often used off-label for the treatment of agitation, which 

can be a premonitory symptom of delirium. Prospective, randomized controlled trials have 

provided equivocal evidence on the utility of anti-psychotics for delirium, but meta-analyses 

suggest their routine use should be avoided.59,60 While the use of antipsychotics specifically 

for agitation is hard to track retrospectively, for the use of sedatives we were able to track 

ventilation status. Intriguingly, sedatives remained associated with delirium for patients 

receiving invasive ventilation, supporting the importance of interrupting sedation as early 

and as often as clinically appropriate.20
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Opiates are also potentially deliriogenic,23 though in our data an association with delirium 

was no longer maintained after controlling for ICU status. While some opiates, like 

meperidine, are thought to be highly deliriogenic, others, like hydromorphone, are perhaps 

less so.23 Prescribing practices within our institution did not yield sufficient power to 

detect differences within classes. The results, however, suggest that providers may consider 

prescribing opiates as a class cautiously in stroke patients at high risk for delirium. The 

decision is admittedly complex in that pain may also be deliriogenic,61 and further research 

is needed to balance these concerns, particularly when receiving care that may cause 

discomfort, for example in the ICU.

Early antimicrobials were associated with the subsequent development of delirium. 

Antimicrobials are prescribed to treat infections, which are highly likely to be deliriogenic 

and cause infection-associated encephalopathy. However, it is increasingly recognized 

that antimicrobials can have significant neuropsychiatric side effects, including delirium 

or encephalopathy.21,22,62 While antimicrobial administration may at times be critical, 

there is also the potential for misuse or overuse. Even for routine clinical concerns, 

such as aspiration63 or asymptomatic bacteriuria,64,65 there is heterogeneity among prior 

studies regarding the risks and benefits of routine use of antibiotics among patients 

with altered mental status. Limited data do not always clarify the most appropriate 

framework or consensus to guide the use of antibiotics when clinical data is equivocal.66,67 

Most surprisingly, we observed that following delirium identification antimicrobials were 

deprescribed, with fewer patients receiving them at all, raising the possibility that they 

were not strictly always necessary. Because we could not determine the specific reason 

for deprescribing, these data suggest that a prospective study of antibiotic practices and 

delirium in the setting of stroke with standardized definitions of infection may be warranted, 

potentially enabling future randomized controlled trials comparing high vs. low thresholds 

for antibiotic treatment in this patient population.

Among pertinent negative results in our study was the lack of a clear association between 

anticholinergic medications and subsequent delirium. Anticholinergic medications are a 

class for which there seems to be plausible pathophysiologic rationale for delirium 

precipitation.68 However, the association in prior literature has been inconsistent.31,32,69 

Notably, many medications with anticholinergic properties also fall into other classes, for 

example olanzapine is an anti-psychotic that is sometimes thought to have anticholinergic 

properties.19 We retained such medications in their most recognized therapeutic class to 

reflect prescribing indications but may also have reduced the power to find an association.

At our comprehensive stroke center, there was significant deprescribing of potentially 

deliriogenic medications after delirium identification, with a smaller proportion of patients 

receiving benzodiazepines, steroids, opiates, anticholinergics, and sedatives after delirium 

identification. There was also an increase in sleep aid administration after delirium 

identification, likely reflecting attempts to regulate sleep-wake cycles. These findings 

suggest not only an awareness of delirium status on the part of the clinical staff but 

also efforts to reduce potentially deliriogenic medication exposure after delirium has been 

identified. Whether deprescribing effectively treats delirium or whether it would be more 

effective with earlier implementation remains unclear and requires future study. We also 
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observed what is likely off-label use of antipsychotics for delirium management, with a 

decrease in typical antipsychotics but an increase in atypical antipsychotics after delirium 

identification. Given that some delirium symptoms such as agitation may present safety 

concerns or barriers to transfer to rehabilitation facilities, delirium symptom control will 

likely remain an ongoing clinical concern in this patient population.

There are several limitations to our study. This study was performed at a single large, 

academic comprehensive stroke center. Although our center reflects the varying practices of 

many vascular neurologists, the results may not generalize to other settings. Approximately 

1/3 of patients did not have documented assessments for delirium. Patients without 

documented delirium assessments tended to be lower acuity and have shorter lengths of 

stay, a population whose rates of delirium would be expected to be lower. This potential bias 

suggests the results may not immediately generalize to lower risk patients and demonstrates 

the need for ongoing efforts to improve clinical delirium assessment. Although our clinical 

neuroscience nurses were trained to administer delirium assessments and consider non-

verbal signs of attention, it is possible delirium screens remained challenging in the setting 

of specific neurologic deficits, such as aphasia. Additionally, we specifically excluded 

patients who screened positive for delirium within the first 48 hours in order to clarify the 

temporal relationship between medications and the development of delirium, as confounding 

by indication is likelier when delirium presence and medication use are concurrent. More 

than three quarters of patients had their first positive delirium assessment recorded after 

72 hours, creating at least a 24-hour buffer for most patients between early medication 

administration and subsequent development of delirium. Nonetheless, despite our attempts 

to evaluate medication administrations prior to delirium recognition, the onset of delirium 

could not be definitively determined, and therefore confounding by indication may still be 

present for some of the medications used. Future studies may require more frequent and 

sensitive prospective delirium assessments to determine the precise onset of delirium. While 

it is unknown whether the pathophysiology of hospital acquired or incident delirium differs 

from delirium already prevalent on admission, incident delirium as studied here is associated 

with longer length of stay.70,71

Given the retrospective nature of the study, some baseline characteristics were obtained 

using routine clinical intake data, rather than rigorously validated research grade criteria, and 

may have both overestimated (vision and hearing impairment) and underestimated (cognitive 

impairment) potential covariates. We also did not have access to home medications. 

However, most of the medications identified are not common outpatient medications. 

Additionally, although we included hemorrhage and ICU status in our multivariate model, it 

was not possible to fully adjust for stroke severity given the retrospective study design and 

the characteristics of different stroke pathologies (ischemic vs. hemorrhagic), which have 

unique severity assessments that can not be immediately harmonized. Fuller consideration 

of stroke severity and comorbidities will be an important goal for future work. Lastly, 

medications were grouped by classes for sufficient statistical power. Larger studies may help 

identify specific medications within such classes associated with higher or lower risks of 

delirium.
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Conclusion

While several medications classes have been associated with concurrent delirium in various 

patient populations, it is unknown whether early administration of these medications are 

associated with subsequent delirium in patients with stroke. In a comprehensive stroke 

center, opiate, sedative, antimicrobial, and antipsychotic exposure were all significantly 

associated with the subsequent development of delirium when controlling for confounding. 

Additionally, there was significant deprescribing of several potentially deliriogenic 

medication classes in the setting of delirium identification. These findings suggest possible 

modifiable targets for future delirium prevention strategies in patients with stroke, although 

additional studies are needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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140-character message:

Early exposure to specific medication classes is associated with delirium in patients with 

stroke & may be targets for future prevention.
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Figure 1. 
Patient Flow Diagram
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Table 1.
Demographic, clinical characteristics, and health outcomes for the study cohort according 
to patients who did not develop delirium or who developed delirium 48 hours or more 
after admission.

Patients assessed indicate the number of patients for whom data was potentially available for the 

characteristics depicted in the relevant row. Costs were determined from a hospital administrative database and 

can only be reported in relative units, as per hospital administrative policy.

Patients who did not develop delirium Patients who developed delirium

Patients 
assessed # patients (%) Patients 

assessed # patients (%) p-value*

Delirium development 1207 (72.2% of cohort) 464 (27.8% of cohort) n/a

Time to delirium development, days, 
median (IQR) 1207 n/a 464 5.75 (3.36, 10.55) n/a

Num of delirious days, median 
(IQR)

1207 n/a 464 3 (2, 7) n/a

Demographics

Age, median (IQR) 1207 67.19 (56.31, 77.38) 464 72.37 (61.02, 82.02) <0.0001

Female sex, n (%) 1207 563 (46.64%) 464 199 (42.89%) 0.17

Married, n (%) 1147 622 (54.23%) 428 206 (48.13%) 0.03

English speaker, n (%) 1207 1049 (86.91%) 464 393 (84.70%) 0.24

Latinx ethnicity, n (%) 1102 73 (6.62%) 403 32 (7.94%) 0.37

Race, n (%)

White

1206

909 (75.37%)

464

349 (75.22%)

0.97Black 99 (8.21%) 37 (7.97%)

Other 198 (16.42%) 78 (16.81%)

Insurance Payer, n (%)

Commercial

1207

355 (29.41%)

464

74 (15.95%)

<0.0001
Medicaid 152 (12.59%) 72 (15.52%)

Medicare 669 (55.43%) 307 (66.16%)

Other 31 (2.57%) 11 (2.37%)

Clinical characteristics

Intracranial hemorrhage, n (%) 1207 399 (33.06%) 464 238 (51.29%) <0.0001

Ischemic stroke, n (%) 1207 808 (66.94%) 464 226 (48.71%) <0.0001

ICU (within first 48hrs), n (%) 1207 523 (43.33%) 464 378 (81.47%) <0.0001

Ventilator (within first 48hrs), n (%) 1207 168 (13.92%) 464 133 (28.66%) <0.0001

Restraints (within first 48hrs), n (%) 1207 173 (14.33%) 464 238 (51.29%) <0.0001

Urinary catheter (within first 48hrs), 
n (%) 1207 407 (33.72%) 464 317 (68.32%) <0.0001

Data for Ischemic Stroke Patients n=808 n=226

NIHSS (ischemic stroke patients 
only), median (IQR) 693 3 (1, 8) 202 12 (4, 18) <0.0001

tPA received (for ischemic stroke 
patients), n (%) 808 77 (9.53%) 226 49 (21.68%) <0.0001
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Patients who did not develop delirium Patients who developed delirium

Patients 
assessed # patients (%) Patients 

assessed # patients (%) p-value*

Neurovascular intervention (within 
first 48hrs for ischemic stroke 
patients), n (%)

808 52 (6.44%) 226 35 (15.49%) <0.0001

Clinical Outcomes

LOS, median (IQR) 1207 4.96 (3.26, 8.04) 464 13.68 (7.97, 21.33) <0.0001

30-day readmissions, n (%) 1207 214 (17.73%) 464 107 (23.06%) 0.01

Total cost, $/constant, mean 1204 2737 463 5692 <0.0001

Discharge disposition

Discharge to home

1207

662 (54.85%)

464

49 (10.56%)

<0.0001

SNF/Rehab/LTC 468 (38.77%) 364 (78.45%)

In-hospital death 41 (3.40%) 26 (5.60%)

Hospice 22 (1.82%) 17 (3.66%)

Other 14 (1.16%) 8 (1.72%)

*
Rank-sum test was used for continuous variables and Chi-square test or Fisher exact test were used for categorical variables.
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Table 2.

Comparison of medication exposures within the first 48 hours between non-delirious and delirious patients.

Non-delirious # patients=1207 Delirious # patients=464 Risk Ratio [95% CI] p-value*

Antipsychotics (all) 80 (6.63%) 102 (21.98%) 3.97 [2.89, 5.44] <0.0001

  Typical Antipsychotics 41 (3.40%) 66 (14.22%) 4.72 [3.14, 7.08] <0.0001

  Atypical Antipsychotics 50 (4.14%) 62 (13.36%) 3.57 [2.42, 5.27] <0.0001

Sedatives 130 (10.77%) 121 (26.06%) 2.92 [2.22, 3.85] <0.0001

Cholinesterase inhibitors 17 (1.41%) 14 (3.02%) 2.18 [1.06, 4.45] 0.03

Antimicrobials 251 (21.80%) 162 (34.91%) 2.04 [1.61, 2.59] <0.0001

Opiates 359 (29.74%) 219 (47.20%) 2.11 [1.69, 2.63] <0.0001

Antiepileptic 424 (35.13%) 231 (49.78%) 1.83 [1.47, 2.27] <0.0001

Parkinson’s Medications 17 (1.41%) 8 (1.72%) 1.23 [0.53, 2.87] 0.63

Steroids 101 (8.37%) 50 (10.78%) 1.32 [0.93, 1.89] 0.13

Benzodiazepines 289 (23.94%) 117 (25.22%) 1.07 [0.84, 1.37] 0.59

Anticholinergics 67 (5.55%) 27 (5.82%) 1.05 [0.66, 1.67] 0.83

Antiemetic 305 (25.27%) 118 (25.43%) 1.01 [0.79, 1.29] 0.95

Sleep aids 142 (11.76%) 50 (10.78%) 0.91 [0.64, 1.27] 0.57

Stimulant 20 (1.66%) 7 (1.51%) 0.91 [0.38, 2.16] 0.83

Mood stabilizer 282 (23.36%) 94 (20.26%) 0.83 [0.64, 1.08] 0.17

Muscle relaxants 19 (1.57%) 4 (0.86%) 0.54 [0.18, 1.61] 0.26

*
Chi-square test or Fisher exact test were used for categorical variables.
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Table 3.

Multivariable model to test which medication classes were independently associated with the development of 

delirium even when considered jointly, while controlling for potential clinical confounders (age, sex, 

hemorrhage, and ICU status).

Relative risk 95% CI p-value*

Patient’s age 1.03 1.02, 1.04 <0.0001

Female 0.73 0.57, 0.93 0.01

Intracranial Hemorrhage 1.00 0.73, 1.38 0.99

ICU used within first 48 hours 4.79 3.56, 6.45 <0.0001

Typical antipsychotic used within first 48 hours 2.25 1.42, 3.57 0.0006

Atypical antipsychotic used within first 48 hours 2.41 1.51, 3.84 0.0002

Sedative used within first 48 hours 1.45 1.04, 2.02 0.03

Cholinesterase inhibitor used within first 48 hours 1.44 0.61, 3.40 0.40

Antimicrobial used within first 48 hours 1.45 1.09, 1.93 0.01

Opiate used within first 48 hours 1.31 0.98, 1.75 0.07

Antiepileptic used within first 48 hours 0.97 0.71, 1.34 0.87
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Table 4.

Comparison of medications pre- and post-delirium identification for delirious patients only

Pre-delirium (n=464) Post-delirium (n=464) Absolute Change (%) p-value

Whether the medication was taken, n (%)

Antipsychotics (all) 190 (40.95%) 209 (45.04%) +4.09% 0.07

  Typical Antipsychotics 99 (21.34%) 64 (13.79%) −7.55% 0.0008

  Atypical Antipsychotics 155 (33.41%) 201 (43.32%) +9.91% <0.0001

Sedatives 140 (30.17%) 30 (6.47%) −23.70% <0.0001

Cholinesterase inhibitors 17 (3.66%) 20 (4.31%) +0.65% 0.18

Antimicrobials 237 (51.08%) 204 (43.97%) −7.11% 0.01

Opiates 263 (56.68%) 200 (43.10%) −13.58% <0.0001

Antiepileptic 255 (54.96%) 210 (45.26%) −9.70% <0.0001

Parkinson’s Medications 11 (2.37%) 14 (3.02%) +0.65 % 0.18

Steroids 79 (17.03%) 57 (12.28%) −4.75% 0.004

Benzodiazepines 173 (37.28%) 89 (19.18%) −18.10% <0.0001

Anticholinergics 55 (11.85%) 50 (10.78%) −1.07% 0.47

Antiemetic 178 (38.36%) 112 (24.14%) −14.22% <0.0001

Sleep aids 194 (41.81%) 260 (56.03%) +14.22% <0.0001

Stimulant 55 (11.85%) 76 (16.38%) +4.53% 0.0004

Mood stabilizer 154 (33.19%) 178 (38.36%) +5.17% 0.001

Muscle relaxants 11 (2.37%) 16 (3.45%) +1.08% 0.23

McNemar’s test was used to compare agreement of medication used before and after delirium.
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