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Abstract

Objective: Delirium in older emergency department (ED) adults is associated with

poorer long-term physical function and cognition. We sought to evaluate if the time

to and intensity of physical and/or occupational therapy (PT/OT) are associated with

the duration of ED delirium into hospitalization (ED delirium duration).

Methods: This is a secondary analysis of a prospective cohort study conducted from

March 2012 to November 2014 at an urban, academic, tertiary care hospital. Patients

aged ≥65 years presenting to the ED and who received PT/OT during their hospital-

ization were included. Days from enrollment to the first PT/OT session and PT/OT

duration relative to hospital length of stay (PT/OT intensity) were abstracted from the

medical record. ED delirium duration was defined as the duration of delirium detected

in the ED using the Brief Confusion Assessment Method. Data were analyzed using

a proportional odds logistic regression adjusted for multiple variables. Adjusted odds

ratios (ORs) were calculated with 95% confidence intervals (95%CI).

Results: The median log PT/OT intensity was 0.5% (interquartile range [IQR]: 0.3%,

0.9%) and was associated with shorter delirium duration (adjusted OR, 0.39; 95% CI,
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0.21–0.73). The median time to the first PT/OT session was 2 days (IQR: 1, 3 days) and

was not associated with delirium duration (adjustedOR, 1.02; 95%CI, 0.82–1.27).

Conclusion: In older hospitalized adults, higher PT/OT intensity may be a useful inter-

vention to shorten delirium duration. Time to first PT/OT session was not associated

with delirium duration but was initiated a full 2 days after the ED presentation.
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1 INTRODUCTION

1.1 Background

Delirium is an acute attention and cognition disorder that can be

described as “acute brain failure.”1 Approximately 8% to 17% of older

emergency department (ED) patients present with delirium,2,3 and up

to 50% of older adults experience delirium during their hospital stay.1

The longer delirium persists during hospitalization, there is an incre-

mental worsening of cognition and function during the 6-month period

after hospital discharge.4 Delirium also can be distressing for patients

and their families.5 Theeffects of deliriumoftenprove costly and fatal.1

1.2 Importance

Although there are some in-hospital delirium prevention strategies in

older adults,6 there is, unfortunately, no universally accepted interven-

tion shown to reduce deliriumduration, especially in the ED setting.7 In

the ICU setting, early physical and/or occupation therapy (PT/OT) has

been shown tobeassociatedwith a reduction in dayswithdelirium.8–10

However, these studies may not be generalizable to older hospitalized

adultswith higher comorbidity burdens and awider spectrumof illness

severity.

1.3 Goals of this investigation

We sought to determine if the time to and intensity of PT/OT (ie, the

percentage of the total time spent in PT/OT relative to the hospital

length of stay) is associated with a reduced duration of delirium in the

ED extending into hospitalization (ED delirium duration).

2 METHODS

2.1 Study design and setting

This pilot study is a secondary analysis of the DELINEATE study (Delir-

ium in the Emergency Department and Its Extension into Hospitaliza-

tion (Delineate) Study: Effect on 6-month Function and Cognition),4

which was a prospective cohort study conducted at an urban, tertiary

care, academic hospital. The DELINEATE study sought to characterize

the extent to which delirium in the ED persisted into the hospitaliza-

tion and determine if delirium duration affected 6-month function and

cognition. This studyalso conducteddeliriumassessments in theED for

the first 7 days of hospitalization. The local institutional review board

reviewed and approved this study.

2.2 Selection of participants

Eligible patientswere enrolled in the largerDELINEATE studybetween

March 2012 and November 2014.4 Participant enrollment details,

including enrollment times and inclusion/exclusion criteria, can be

found in the original DELINEATE publication.4 The selection criteria

from DELINEATE identified 228 eligible patients. For this secondary

analysis, only the patients who received PT/OT in the ED (if they were

boarding in the ED for a prolonged period of time) or the hospital were

included. PT/OT was not ordered by the ED but was at the discretion

of the patient’s inpatient physicians. Although there is no protocol for

ordering PT/OT, common indications include needs assessments, pain

or mobility support, and discharge planning.11–13

Research assistants (RAs) screened for delirium in the ED. All

eligible patients who screened positive for delirium and 17% of ran-

domly selected eligible patients who screened negative for delirium

were enrolled in the DELINEATE study to maximize feasibility. Non-

delirious ED patients were included to represent the full spectrum

of acute brain dysfunction, including patients who had features of

delirium without meeting the full criteria (subsyndromal delirium). For

these secondary analyses, 38.2% of non-delirious ED patients had

subsyndromal delirium.

2.3 Intervention

The primary independent variables of interest were time to the first

PT/OT session and PT/OT intensity. They were abstracted from the

electronic health record. Time to first PT/OT sessionwas defined as the

time from enrollment (days) to the first PT orOT evaluation. The day of

the ED presentationwas considered day 0. Hospital day 1was the next

day after midnight regardless of when the patient was enrolled.
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The Bottom Line

Delirium is associated with enormous adverse outcomes,

including higher health care use, irreversible functional

decline, and increased mortality in emergency department

(ED) patients, yet it is underrecognized and lacks an effective

screening approach. No effective intervention for patients

in the ED or after their admission to a hospital currently

exists. This exploratory study by ED delirium experts bor-

rows concepts from the ICU experience and offers promise.

These pilot results should serve as an urgent catalyst for

dedicated efforts to develop and test an ED-based delirium

intervention.

PT/OT intensity was calculated using the following formula:

PT∕OTintensity,% =
PT∕OTduration(minutes) ∗ 100

Hospitallengthofstay(minutes)

PT/OT intensity is the percentage of time spent doing PT/OT during

the hospital stay. In other words, a PT/OT intensity of 0.5%meant that

0.5% of the patient’s hospital stay was spent in PT/OT. The duration of

PT/OT is the sum of time spent with the patient each therapy session,

as documented in the session summarynoteby the therapist. The ratio-

nale for using PT/OT intensity rather than duration is to account for the

variability in hospital length of stay; that is, patientswith a shorter hos-

pital length of stay also would have a shorter PT/OT duration. Because

PT/OT intensitywas skewed, itwas logarithmically transformed to nor-

malize the data. All electronic health record data abstractions were

double checked for accuracy.

2.4 Outcomes

ED delirium duration was defined as the total number of days a patient

was delirious in the ED and continued throughout hospitalization.

Delirium assessments were conducted in the ED4 at the time of enroll-

ment (0 hours) and at 3 hours. A patient was considered to be delirious

in the ED (at enrollment) if the assessment was positive at either 0 or

3hours. If bothdeliriumassessments at enrollmentwerenegative, then

thepatientwas considerednon-delirious in theEDandwas assigned an

EDdeliriumof0days even if thepatient developeddeliriumduringhos-

pitalization (incident delirium). Delirium assessments continued once

daily for the first 7 days of hospitalization or until discharge, whichever

occurred first. Assessments were conducted 7 days a week, usually in

themornings.

Trained RAs assessed delirium each day for all study participants.

In non-ventilated patients, a modified version of the Brief Confusion

Assessment Method was used. This is a brief (<2 minutes) delirium

assessment designed for use by non-physicians in the ED setting.14

In older ED patients, it has 82% to 86% sensitivity and 93% to 96%

specificity for delirium as diagnosed by a psychiatrist, with a κ of 0.87,
indicating excellent interobserver reliability.14

2.5 Additional measurements

Trained RAs also collected pre-illness functions at the time of enroll-

ment using the Older American Resources and Services (OARS)

Activities of Daily Living (ADL) questionnaire.15 The OARS ADL scale

assesses7basic and7 instrumental activities of daily living,with a score

range from 0 (completed dependent) to 28 (completely independent).

This was ideally completed by an informant (eg, a family member) who

knew the patient well. If no informant was available, the patient was

allowed to complete the questionnaire if he/she had the capacity to

provide consent. Delirium severity at enrollment was measured using

thedelirium index,which characterizes the severity of 7 deliriumsymp-

tom domains with a score range from 0 (no delirium) to 21 (severe

delirium).16

A medical record review was performed to collect prior demen-

tia diagnosis, comorbidity burden, the severity of illness, and the

presence of a central nervous system diagnosis during the current

admission. A patient was considered to have dementia if he or she

had (1) documented dementia in the medical record, (2) a premor-

bid short-form Informant Questionnaire on Cognitive Decline in the

Elderly score17 greater than a cutoff of 3.38,18 or (3) prescribed

cholinesterase inhibitors before admission. The Charlson Comorbid-

ity Index (Charlson) was used to quantify the patient’s comorbidity

burden.19 The Acute Physiology Score (APS) of the Acute Physiol-

ogy and Chronic Health Evaluation II score was used to quantify the

severity of the illness.20 Two physician reviewers determined the pres-

ence of a central nervous system diagnosis (ie, meningitis, seizure,

cerebrovascular accident, transient ischemic attack, intraparenchymal

hemorrhage, epidural hematoma, subdural hematoma, subarachnoid

hemorrhage, cerebral edema, meningitis). A third physician reviewer

adjudicated any disagreement.

2.6 Data analysis

Measures of central tendency and dispersion for continuous variables

were reported as medians and interquartile ranges (IQRs). Categorical

variables were reported as frequencies (percentages). Proportional

odds logistic regression was used to determine if time to first PT/OT

session and log PT/OT intensity were associated with ED delirium

duration adjusted for comorbidity burden (Charlson), illness severity

(APS), baseline ADL function (OARS ADL), prior dementia diagnosis,

nursing home residence, and central nervous system diagnosis during

current admission. Covariates were chosen a priori based on expert

opinion, literature review, and previous work.4,21 We limited the

multivariable regression model to 1 covariate for every 10 patients to

avoid overfitting.22 Because of the skewed nature of PT/OT intensity,

it was logarithmically transformed for the multivariable model. We

conducted a series of sensitivity analyses to evaluate the robustness
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F IGURE 1 Enrollment flow diagram. ED, emergency department; PT, physical therapy. OT, occupational therapy

of the multiple linear regression models. Because delirium severity

may confound the relationship between time to and log PT/OT inten-

sity with delirium duration, we reran the multivariable models with

delirium severity at enrollment. We also reran the models for the

subset of patients who were delirious in the ED (at enrollment) and

patients not admitted to the ICU. We additionally examined if the

effect of PT/OT was modified by pre-illness functional status or prior

dementia diagnosis. We prespecified a P value of 0.20 as the threshold

for the presence of effect modification.23 Adjusted odds ratios (ORs)

with 95% confidence intervals (95% CIs) are reported. All statisti-

cal analyses were performed with SAS version 9.4 (SAS Institute,

Cary, NC).

3 RESULTS

3.1 Characteristics of study subjects

During the study period, 3383 patients were screened for eligibility

(Figure1). A total of 130patientsmet the eligibility criteria. Table 1 lists

the cohort’s characteristics. Participants had a median age of 76 years

(IQR: 70, 83years). A total of 16participants (12%)werenon-White, 80

(62%) were women, and 24 (18.5%) were admitted to the ICU. Of the

participants, 82 (63.1%) were delirious in the ED, with a median (IQR)

ED delirium duration of 2 days (0, 5 days).

Patients received amedian (IQR) total PT/OTdurationof 75minutes

(55, 105 minutes). The median (IQR) for log PT/OT intensity was 0.5%

(0.3%, 0.9%), and the median (IQR) time to the first PT/OT session was

2 days (1, 3 days). Scatterplots for log PT/OT intensity and time to first

PT/OT session are provided in Appendix Figures S1 and S2.

The OR (95% CI) for the multivariable proportional odds logistic

regression can be seen in the Appendix Table. Log PT/OT intensity was

significantly associated with a shorter ED delirium duration (adjusted

OR, 0.39; 95%CI, 0.21–0.73) (Figure 2), but time to first PT/OT session

was not (adjusted OR, 1.02; 95% CI, 0.82–1.27) (Figure 2). A propor-

tional odds logistic regression was used and was adjusted for comor-

bidity burden (Charlson), illness severity (APS), baseline functional

status (OARS ADL), prior dementia diagnosis, nursing home residence,

and central nervous system diagnosis during current admission.

3.2 Sensitivity analyses

We performed several sensitivity analyses. We incorporated delir-

ium severity as measured by the delirium index into the multivariable

model. The adjustedORswere 0.41 (95%CI, 0.22–0.79) and 0.92 (95%

CI, 0.73–1.15) for log PT/OT intensity and time to first PT/OT session,

respectively. We reran the model among participants who were deliri-

ous in the ED, and the adjusted ORs were 0.32 (95% CI, 0.15–0.69)

and 1.16 (95% CI, 0.88–1.51), respectively. Next, we reran the model
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TABLE 1 Participant characteristics (N= 130)

Measure

Median (IQR)

or n (%)

Age, years 76 (63, 89)

Female sex 80 (63)

Non-White race 16 (12)

Nursing home residence 5 (3.89)

Prior dementia diagnosis 76 (58.5)

PremorbidOlder American

Resources and Services

Activities of Daily Living

20 (6, 34)

Charlson Comorbidity Index 3 (0, 10)

Acute Physiology Score 13 (8, 18)

Delirium index 5 (2, 9)

Central nervous system diagnosis

during current admission

31 (23.9)

Hospital length of stay 5 (1, 9)

Admitted to the ICU 24 (18.5)

Mechanically ventilated 0 (0.0)

Abbreviation: IQR, interquartile range.

in a subset of the patients who were not admitted to the ICU, and our

effect sizes did not change. The adjusted OR was 0.46 (95% CI, 0.24–

0.89) for log PT/OT intensity and 1.03 (95% CI, 0.79–1.34) for time to

first PT/OT session. Finally, we assessed if pre-illness functional status

and dementia modified the association between log PT/OT intensity

andEDdeliriumduration. Thepre-illnessOARSADL× logPT/OT inten-

sity interaction P value was 0.2351, and the pre-illness dementia × log

PT/OT intensity interaction P value was 0.7491, indicating that effect

modification was unlikely. Because the time to the first PT/OT session

was not significant, the effect modification was not examined for this

exposure.

3.3 Limitations

This study had a few notable limitations. First, patients who received

less PT/OT may have been more delirious, frail, and/or functionally

impaired. Although we attempted to adjust for these covariates in

the multivariable models, residual confounding likely exists. In addi-

tion, unmeasured confounders (eg, malnutrition, drug exposure during

hospitalization) are also likely unaccounted for, further biasing our

findings. Second, our studywas limited to only patients aged≥65 years

and those who received PT/OT during their hospitalization. This study

therefore may not be generalizable to younger patients or patients

who did not receive PT/OT. Similarly, because all participants were

from a single urban, academic, tertiary care hospital, the results may

not be generalizable to other care centers. Third, it is possible that a

patient with delirium in the ED had the delirium resolved before the

first session of PT/OT, and this is an acknowledged weakness of our

study. However, the median delirium duration was 2 days, making this

scenario less likely. Fourth, we did not enroll patients on weekends

or from 6:00 pm to 4:00 am, which could introduce selection bias if

patients presenting at these times are different from those presenting

during the enrollment times. Fifth, this was a secondary analysis, and

a type 1 error (false-positive finding) may have occurred. Conversely,

our sample size was relatively small (N = 130), and the lack of associ-

ation between time to the first PT/OT session and delirium duration

have been secondary to a type II error (false negative finding). Sixth,

almost all the PT/OT sessions were performed in the hospital setting

and not the ED. This is not surprising given that PT/OT was ordered

by the inpatient team and the time to first PT/OT session was 2 days.

Consequently, our findings may not be generalizable to EDs that have

access to PT/OT consultation. Finally, most EDs do not have access to

PT/OT. However, in many US hospitals, inpatient boarding in the ED is

a significant problem, and they have become de facto inpatient units.24

If future randomized trials confirm our findings aswell as find that time

to first PT/OT session improves outcomes, thismay prompt a change to

have PT/OT readily available in the ED setting, especially if it reduces

delirium duration, hospital length of stay, and overall costs.

4 DISCUSSION

The results of this study suggest that increasing PT/OT intensity during

hospitalization may reduce delirium duration from ED presentation

among older patients. We observed that higher intensity PT/OT was

associated with a shorter ED delirium duration. Our data suggest that

patients who are delirious in the ED may benefit from more intensive

physical and/or occupational therapy. However, time to first PT/OT

F IGURE 2 Forest plot of the adjusted odds ratios with
their 95% confidence intervals (CIs) for physical
therapy/occupational therapy (PT/OT) intensity and time to
PT/OT on emergency department delirium duration
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session (ie, the timeliness of PT/OT initiation) was not associated with

delirium duration in the current study. Our study was exploratory.

Future studies with larger sample sizes and randomized trial designs

should confirm these findings and determine if higher intensity PT/OT

improves delirium duration and mitigates its long-term sequelae, such

as accelerated cognitive and functional decline, among older patients.

In addition, these studies should investigate if there is a minimum

number of PT/OT hours (during the ED and hospital stays and post-

discharge) to reduce delirium duration and long-term outcomes while

determining if there is a threshold of PT/OT duration in which its effect

on outcomes plateaus. These studies should also examine if time to

first session is modified by PT/OT intensity.

To our knowledge, this is the only study to assess the effect of PT

and OT as a treatment for delirium in ED patients who are hospital-

ized. However, our results align with those of studies investigating the

impact of PT/OT on delirium in ICU patients. One quality improve-

ment project in the ICU care setting focused on improvingmobilization

and rehabilitation consultation frequency for patients with acute res-

piratory failure.9 They found that the intervention led to a greater

number of rehabilitation treatments and a significant reduction in the

number of days delirious (21% days not delirious preintervention vs

53% days not delirious postintervention).9 A randomized controlled

trial evaluating delirium management in non–mechanically ventilated

elderly patients in the ICU provided additional occupational therapy

to the intervention group while the control group received standard

delirium prevention.10 The experimental group had shorter delirium

duration (risk incidence ratios 0.15 vs 6.6) and lower incident delirium

rates (3% vs 20%).10 Schweickert et al evaluated a similar intervention

in mechanically ventilated and critically ill patients.8 They found that

early exercise andmobilization via PT/OT led to a reduction in delirium

duration by 2 days compared with the group who received the usual

care therapy assigned by the primary team.8 These studies provide evi-

dence of the effectiveness of PT/OT on reducing delirium duration in

ICU populations and suggest that similar effects may be achievable

among older hospitalized adults.

We did not observe an association between time to first PT/OT ses-

sion and EDdelirium duration. However, PT/OT sessionswere initiated

a median of 2 full days after ED presentation. Because older hospital-

ized patients can rapidly lose their physiologic reservewithin this short

timeframe,25 it is possible that an effect may have been observed if

PT/OTwas initiatedearlier in thehospital course, suchas in theED.This

is reflected in ICU-based studies where PT/OT interventions initiated

early in the hospital course seem to be effective,8 whereas interven-

tions started later did not show an effect.26,27 Therefore, initiating

intensive PT/OT as early as possible, such as in the ED, may potentiate

its effect. Thiswould alignwith the recent initiative to promote accred-

ited geriatric EDs sponsored by the American College of Emergency

Physicians that provide age-friendly medical care known as the “4Ms”:

what matters, medication, mentation, andmobility.28

The benefits of PT/OT intervention on other outcomes, beyond

deliriumduration, have alsobeen reported.Althoughacutehospitaliza-

tion of older patients can lead to new or worsening functional impair-

ment, 1 randomized controlled trial found that an exercise intervention

reversed this effect.29 Compared with the usual-care group, the exer-

cise intervention groupwasmore likely to be functionally independent

at hospital discharge.29 The prior Schweickert et al randomized con-

trolled trial reported similar results, with a PT/OT intervention leading

to higher rates of return to pre-illness functional status at hospital dis-

charge compared with the control group.8 Although this study found

no difference in ICU length of stay (P = 0.08) and hospital length of

stay (P = 0.93), 3 other prospective studies did show a significant

reduction in both ICU and hospital length of stays with the imple-

mentation of a mobility intervention protocol.9,30,31 In addition to the

positive effects of physical activity on disease recovery,32 these studies

highlight the numerous benefits of exercise and mobility interventions

during hospitalization.

In conclusion, increasing PT/OT intensitymay reduce delirium dura-

tion in older ED patients who are admitted to the hospital and may

be a potential intervention for delirium. Future studies should con-

firm this relationship between PT/OT intensity and delirium duration

and further characterize it. Our study suggests that PT/OT intensity

is an important factor in delirium reduction and, thus, also potentially

improves long-term outcomes for older patients.
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