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Abstract

Background: Systematic screening improves delirium identification among hospitalized older 

adults. Little data exists on how to implement such screening.

Corresponding Author: Edward R. Marcantonio, MD SM, Mailing address: Beth Israel Deaconess Medical Center CO-216, 330 
Brookline Ave, Boston MA 02215, emarcant@bidmc.harvard.edu, Twitter handle: @EdMarcantonio, @Agilis.
*Drs. Marcantonio and Fick contributed equally to this paper.
Author Contributions:
Study Concept and Design: Edward Marcantonio, Donna Fick, Sharon Inouye
Acquisition of Data: Donna Fick, Marie Boltz, Erica Husser, Priyanka Shrestha, Amber Moore, Kimberlyann Sulmonte, Jonathan 
Siuta, Edward Marcantonio
Analysis and Interpretation of Data: Long Ngo, Yoojin Jung, Edward Marcantonio
Drafting of the Manuscript: Edward Marcantonio
Critical Revision of the Manuscript for Important Intellectual Content: Yoojin Jung, Long Ngo, Donna Fick, Sharon Inouye, Douglas 
Leslie, Marie Boltz, Erica Husser, Priyanka Shrestha, Amber Moore, Kimberlyann Sulmonte, Jonathan Siuta, Malaz Boustani

Conflict of Interest: The authors have no relevant conflicts of interest to report.

Reproducible Research Statement:
Study protocol: Available from Dr. Marcantonio (emarcant@bidmc.harvard.edu)
Statistical code: Available from Dr. Ngo (lngo@bidmc.harvard.edu)
Data set: Not available

HHS Public Access
Author manuscript
Ann Intern Med. Author manuscript; available in PMC 2022 July 01.

Published in final edited form as:
Ann Intern Med. 2022 January ; 175(1): 65–73. doi:10.7326/M21-1687.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Objective: To test implementation of a brief app-directed delirium identification protocol by 

physicians, nurses, and certified nursing assistants (CNAs) in real-world practice relative to a 

research reference standard delirium assessment (RSDA).

Design: Prospective diagnostic test study

Setting: Large urban academic medical center, small rural community hospital

Participants: 527 general medicine inpatients (mean age 80 years, 35% with pre-existing 

dementia); 399 clinicians (53 physicians, 236 nurses, 110 CNAs)

Measurements: On two study days, enrolled patients underwent an RSDA. Subsequently, 

CNAs performed an ultra-brief delirium screen (UB-2), while physicians and nurses performed 

a two-step protocol consisting of the UB-2, followed in “positives” by the 3D-CAM diagnostic 

assessment.

Results: Delirium was diagnosed in 154/924 RSDAs (17%) and in 114/527 patients (22%). 

Completion rate for clinician protocols exceeded 97%. The UB-2 was administered in 62 (51) 

[mean (SD)] seconds by CNAs; two-step protocols were administered in 104 (99) seconds by 

nurses, and 106 (105) seconds by physicians. The UB-2 had sensitivities (95% CI) of 88 (72–

96)%, 87 (73–95)%, and 82 (65–91)% when administered by CNAs, nurses, and physicians, 

respectively, with specificities of 64–70%. The two-step protocol had overall accuracy of 89 (83–

93)% and 87 (81–91)%, with sensitivities of 65 (48–79)% and 63 (46–77)%, and specificities of 

93 (88–96)% and 91 (86–95)% for nurses and physicians, respectively. Two-step sensitivity for 

moderate-severe delirium was 78 (54–91)%.

Limitations: Two sites, limited diversity

Conclusion: An app-directed delirium identification protocol was feasible, brief, and accurate, 

with CNAs and nurses performing as well as physicians.

Primary Funding Source: National Institute on Aging
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INTRODUCTION:

Delirium (acute confusion) affects 25–30% of older general medical inpatients, and 10–15% 

of medical-surgical hospitalized patients of any age (1–3). Acutely, delirium is associated 

with longer lengths of stay, increased post-hospital nursing home use, and higher mortality 

(1, 4). Longer term, delirium is associated with poor functional recovery, cognitive decline, 

and incident dementia (5, 6). Since only 12–35% of delirium is identified in routine care 

(1–3), many hospitals are launching systematic delirium screening; however, evidence 

supporting such implementation is limited (7). Therefore, we conducted the READI: 

Researching Efficient Approaches to Delirium Identification study (8).

READI builds on our previous work deriving and validating the 3D-CAM, a 3-Minute 

Diagnostic Assessment for the Confusion Assessment Method (CAM) (9–11), and the UB-2 
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ultra-brief screen (12), consisting of the two most sensitive items in the 3D-CAM. In 

READI, we combine the UB-2 and 3D-CAM into a 2-step delirium identification protocol 

(8) (Figure 1). The UB-2 quickly rules out delirium in patients who answer both questions 

correctly. Otherwise, the protocol continues with the rest of the full 3D-CAM, or with 

a 3D-CAM skip pattern such that the first positive item to trigger a CAM feature ends 

assessment of that feature. The UB-2, followed by 3D-CAM with skip pattern, is called the 

ultra-brief CAM (UB-CAM) (13). Paper versions of the 3D-CAM, UB-2, and UB-CAM, 

along with training materials, are available at help.agscocare.org.

While numerous delirium screening tools have been developed (14), and some have been 

integrated into electronic health systems, few studies have tested their use by clinicians in 

real-world practice compared to a Reference Standard Delirium Assessment (RSDA). The 

specific aims of READI are to prospectively implement and compare the feasibility, speed, 

and accuracy of delirium identification by three clinical disciplines—hospitalists, nurses, 

and certified nursing assistants (CNAs). We hypothesized that clinician delirium assessments 

would: 1) be feasible, with greater than 95% completion; 2) be brief, on average under 1 

minute for the UB-2, and under 2 minutes for the 2-step protocols; 3) have accuracy over 

85%, sensitivity over 80% and specificity over 90% compared to delirium determination by 

an RSDA.

METHODS:

The READI app:

We developed the READI app using the REDCap application programming interface (API) 

for use on the iPad Air® tablet (15). The app executes the adaptive testing of the 2-step 

protocols described above, with or without the skip pattern. The app allows the user to 

record accuracy of patient responses and automatically times each question. On subsequent 

days, the app retrieves information from the previous day’s assessment to assess acute 

change. Once completed, the app reports the presence or absence of delirium, and uploads 

data into RedCAP, a secure research database.

Patient Participants:

We enrolled patients from a large teaching hospital in Massachusetts and a smaller 

community hospital in Pennsylvania. Inclusion criteria were: 1) age ≥ 70 years old, 2) 

admitted to general medicine (hospitalist) service, 3) able to communicate effectively in 

English, 4) without terminal or major psychiatric/substance abuse conditions, 5) expected 

hospital stay at least 2 days from enrollment, and 6) not a previous study participant. 

We overenrolled patients with dementia since they are at higher risk for delirium non-

recognition (16). Research staff members screened admission logs and approached eligible 

patients for informed consent. If the patient lacked capacity, the designated surrogate 

decision-maker was contacted. The study protocol and informed consent were approved 

by the Institutional Review Boards of participating institutions.
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Clinician Participants and Training:

Clinicians (hospitalists, nurses, CNAs) assigned to general medicine units provided 

streamlined informed consent followed by a brief survey of demographics, education, 

primary language, certification in geriatrics/gerontology, and years at the hospital. 

Subsequently, physicians and nurses were given brief training on the 2-step protocol, while 

CNAs were trained to administer only the UB-2, which is considered a “mental status vital 

sign”, and within the scope of CNA practice (17). Total training time was 15 minutes for 

CNAs, and 20–30 minutes for physicians and nurses. A READI cue card was provided as a 

refresher tool.

Reference Standard Delirium Assessments (RSDA):

The RSDA diagnosis was established daily using detailed assessment by trained research 

associates. This included: 1) cognitive assessment using the Mini-Mental State Examination, 

purchased from Psychological Assessment Resources (18); 2) supplemental attention 

testing, using digit span up to 5 forwards and 4 backwards, and days of the week backwards 

(19); 3) a modified 8 question Delirium Symptom Interview to elicit symptoms of delirium 

(20); 4) the Confusion Assessment Method (CAM) long-form (10), which rates 10 features, 

and enables delirium diagnosis using the CAM algorithm, and quantification of delirium 

severity using the CAM-S (21). A 10% subset of RSDAs were conducted simultaneously 

by two staff members to assess inter-rater reliability. Enrolled patients were assessed on two 

consecutive hospital days unless discharged, in which case they contributed only 1 day of 

assessments.

On the first hospital day, enrolled patients were administered a brief questionnaire to assess 

race, ethnicity, marital status, living situation, years of education, pre-hospital function using 

basic and instrumental Activities of Daily Living (22, 23). Also on day 1, the medical record 

was reviewed to quantify comorbidities using the Charlson index (24), and to determine 

pre-hospital diagnosis of dementia. Additionally, researchers conducted interviews with 

a patient-designated proxy (usually close family member) to confirm patient-reported 

demographic and functional data or to obtain these if the patient was unable to answer the 

questions. Proxies were administered the AD-8, a proxy-based screening questionnaire for 

dementia (25). Similar to our previous work (26), we considered dementia to be present if: 

1) the patient and/or proxy reported a previous clinical diagnosis of dementia or Alzheimer’s 

Disease; 2) a diagnosis of dementia or Alzheimer’s Disease was in the medical record, or 

3) the AD-8 had a score of 4 or higher out of 8. Mini-Mental State scores were not used to 

determine dementia status, as these might be confounded by delirium, or subtler reversible 

cognitive impairment (27).

Clinician Delirium Assessment Protocols:

Following the RSDA, enrolled hospitalists, nurses, and CNAs were contacted by research 

staff to assess patient participants using the READI app. Each clinician was kept strictly 

blinded to the RSDA, and to the other clinicians’ assessments. Whenever possible, primary 

hospital team clinicians were used. Clinicians completed the delirium screens within the 

context of their daily work on the hospital units. Because of work schedules, the same 

clinician did not necessarily assess the patient on both study days. We aimed to complete the 
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RSDA and all 3 clinician assessments within a 2-hour window between 11 AM and 3 PM on 

two consecutive hospital days.

Statistical Analyses:

For descriptive statistics, we present mean and standard deviation for continuous variables, 

and percentages for categorical variables. When the distribution of the continuous variable 

is asymmetric, we also report the median, interquartile range, and minimum and maximum 

value. For Table 1, the unit of observation is the patient. For Tables 2, 3, and 4, the unit of 

observation is the delirium assessment.

For the UB-2 and 2-step delirium identification protocols, we calculated modeled point 

estimates and 95% confidence intervals for each test characteristic, with each clinical 

discipline considered separately. We addressed clustering within our study design as 

recommended in the literature (28) using SAS Proc GLIMMIX with logit link, and included 

random effects for patient clustering, and four fixed effects for clinician characteristics: age, 

gender, hospital and years practicing at the hospital. For further details and justification of 

this approach, see the Supplement (Technical Appendix). Estimates of accuracy, sensitivity, 

specificity, positive predictive value (PPV), negative predictive value (NPV), likelihood 

ratio positive (LRP), and likelihood ratio negative (LRN) came from the mean of the fitted 

probabilities derived from these models. The 95% confidence intervals were computed 

from taking the mean of the upper and lower bounds of the standard errors of the fitted 

probabilities.

We performed stratified analyses for patients with and without dementia (based on the 

RSDA) for delirium identification protocol duration and test characteristics. We performed 

sensitivity (“per protocol”) analyses examining protocol accuracy for clinician assessments 

performed within 2 hours of the RSDA, for those performed by the patient’s primary 

hospital team, for Day 1 vs. Day 2 assessments, and for clinicians who performed 10 or 

more assessments. To address order effects, we calculated accuracy for the 1st, 2nd, and 3rd 

assessment of the day independent of clinician type. We calculated sensitivity for the nurse 

and physician 2-step protocols including only RSDA delirium positive assessments where 

measured delirium severity was moderate-high (CAM-S ≥ 8). Finally, we present subset 

analyses of Day 2 assessments to determine how often the Day 1 “look back” feature was 

used, how often it was positive for acute change, and the percent of positive clinician 

delirium protocols attributed to this feature. When test characteristics are reported for 

stratified and sensitivity analyses, modeling methods accounting for clustering as described 

above were used.

We used SAS software version 9.4 64-bit for Microsoft Windows 10 (SAS Institute, Inc., 

Cary, NC) for all analyses.

RESULTS:

Enrollment, Patient and Clinician Participant Characteristics, Feasibility:

Figure 2 presents study enrollment at the two study sites. We approached 1,070 eligible 

patients; 527 (49%) were enrolled and had at least one RSDA. Characteristics of the 
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participants are described in Table 1, overall, and by delirium status (Supplement Table 

S1 presents the same data by site). The mean age was 80 years old, 43% were male, and 

85% were white, non-Hispanic, which were similar to unenrolled eligible patients (data not 

shown). Approximately 1/3 were college graduates. Comorbidity and functional impairment 

were high--over 60% had Charlson scores ≥ 2, over 1/3 had basic ADL impairments 

and nearly 2/3 had Instrumental ADL impairments. Dementia was present in 183 (35%). 

Compared to those without delirium, the 114 (21.6%) patients with delirium by RSDA were 

slightly older, had less education, higher comorbidity, and higher functional impairments. 

Most notably, those with delirium were more than twice as likely to have dementia.

The 399 enrolled clinicians—53 physicians, 236 nurses, and 110 CNAs constituted over 

half of the day-shift staff on the participating units (Supplement Table S2) and were 

representative of staff at the study hospitals (data not shown). The mean age of all three 

groups were in the 30’s. Men accounted for slightly over half of physicians, but only 10% 

of nurses and CNAs. CNAs were the most racially and linguistically diverse, with less than 

half being white, and only 2/3 being native English speakers. All physicians had doctoral 

degrees; most nurses had college degrees, and most CNAs high school degrees. Two-thirds 

of each group were in practice less than 5 years, and three-quarters worked at the current 

hospital for less than five years. Under 5% of each discipline reported certification in 

geriatrics or gerontology.

Figure 2 shows the completion rate of clinician assessments on each day when a RSDA was 

performed. Combining both sites, 527 RSDAs were completed on study day 1; subsequently 

512 physicians (97%), 518 nurses (99%) and 510 CNAs (97%) completed app-based 

protocols. On study day 2, 397 RSDAs were performed; subsequently 381 physicians (96%), 

384 nurses (97%) and 388 CNAs (98%) completed app-based protocols. Overall, 2693 

clinician delirium screens were completed, a 97.1% completion rate. The main reason for 

non-completion was unavailability of the clinician due to excessive competing workload.

Reference Standard Delirium Assessments (RSDA):

CAM-defined delirium was present in 154/924 RSDAs (17%), including 101/527 (19%) on 

study day 1 and 53/397 (13%) on day 2. Among 89 paired RSDAs, 88 (99%) independently 

agreed on presence or absence of delirium, concordance kappa of 0.97 [95% C.I. 0.93–1.0]. 

As seen in Table 2, cognitive scores were lower, and delirium symptoms much higher in 

those with delirium vs. without. Patients with delirium had a mean CAM-S score of 8.1 

vs. 2.3 for those without delirium, similar to our previous work (19), and representing mild 

to moderate delirium (range 0–19, 19 worst). Only 29/154 (19%) of RSDAs with delirium 

had hyperactive psychomotor features. Additionally, 103/154 RSDAs (67%) represented 

delirium superimposed on dementia. Supplement Table S3 presents additional RSDA data 

about CAM features present in those with and without delirium.

Clinician Assessments—Time Required:

Table 3 presents time required for clinicians to complete the app-guided protocols 

(Supplement Table S4 presents the same data with outliers >3 SD from the mean trimmed). 

The UB-2 was completed in 55–62 seconds by all three types of clinicians. Two-step 
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protocols took a mean of 104–106 seconds for nurses and physicians to complete, with the 

skip pattern reducing the mean duration to 83 seconds.

Clinical Assessments—Test Characteristics:

Table 4 presents the test characteristics of the UB-2 and the two-step delirium identification 

protocols, accounting for clustering in the study design (Supplement Table S5 presents the 

same data without clustering, Table S6 the raw numbers). The UB-2 had sensitivity (95% 

CI) of 88 (82–96)% by CNAs, 87 (73–95)% by nurses, and 82 (65–91)% by physicians. 

The corresponding specificities were 64 (55–72)% for CNAs, 70 (62–76)% for nurses, and 

66 (58–74)% for physicians. Overall accuracy was 69 (61–75)% for CNAs, 73 (67–79)% 

for nurses, and 70 (62–76)% for physicians. Notably, the UB-2 is designed to maximize 

sensitivity rather than accuracy or specificity.

For the two-step protocols, overall accuracy was 89 (83–93)% for nurses and 87 (81–91)% 

for physicians. Sensitivities (95% CI) were 65 (48–79)% for nurses and 63 (46–77)% for 

physicians, with specificities of 93 (88–96)% for nurses, and 91 (86–95)% for physicians. 

Stratified analyses show that the skip pattern did not appreciably change sensitivity of nurse 

assessments, sensitivity (95% CI) of 68 (44–85)% for no skip vs. 64 (42–82)% for skip, but 

did lower sensitivity of physician assessments from 71 (48–86)% for no skip to 56 (35–76)% 

for skip. Specificities remained in the 90–94% range, and overall accuracy in the 87–89% 

range regardless of skip pattern for both disciplines.

When we restricted delirium cases to those with an RSDA CAM-S of ≥ 8 (moderate to 

severe), sensitivity of the two-step protocol increased to 78 (54–91)% for nurses and 78 

(57–91)% for physicians.

Stratified and Sensitivity Analyses:

The presence of dementia increased mean (SD) UB-2 administration times to slightly over 

one minute: 71(50), 65(39), 69(56) seconds for CNAs, nurses, and physicians, respectively 

and increased mean 2-step protocol administration time to about 2.5 minutes: 150(114) 

and 153(122) seconds for nurses and physicians, respectively. The presence of dementia 

decreased overall accuracy of both the UB-2 (accuracy %, 95% C.I.) to 58 (45–70)%, 63 

(50–73)%, 59 (46–70)% for CNAs, nurses, and physicians, respectively, and the 2-step 

protocols to 80 (69–88)% and 78 (66–86)% for nurses and physicians, respectively. In 

general, clinician protocol sensitivity was slightly higher in patients with dementia, while 

specificity was lower, though it remained above 80% for both nurse and physician 2-step 

protocols. For details, see Supplement Tables S7, S8.

None of the following sensitivity analyses appreciably changed clinician protocol accuracy 

(see Supplement Tables S9, S10 for details): 1) restricting to protocols performed within 

2 hours of the RSDA (12% CNA, 11% nurse, and 23% hospitalist protocols dropped); 2) 

restricting to protocols performed by the patient’s primary hospital team; 3) Day 1 vs. Day 

2 protocols, 4) order of protocol administration on each day, and 5) including only clinicians 

who performed 10 or more protocols.
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Finally, we examined the impact of the automatic look-back feature of the app to detect 

acute change on Day 2 by comparing responses to Day 1. Of 389 Day 2 nurse assessments, 

the acute change feature was used 29 times (7.5%) and was positive 15 times (3.9%). Of 

381 physician Day 2 assessments, the feature was used 30 times (7.9%) and was positive 

21 times (5.5%). The app-directed acute change detection accounted for 15/59 (25.4%) and 

21/68 (30.9%) of cases of delirium diagnosed by nurses and physicians, respectively, on Day 

2.

DISCUSSION:

Our study demonstrated that an iPad app-directed adaptive delirium identification protocol 

conducted by typical clinicians as part of routine daily workflow was feasible, quick and 

accurate. Clinicians completed over 97% of protocols, with an average completion time of 

under two minutes. Relative to the RSDA, sensitivity of the UB-2 ranged from 82–88%, 

with CNAs and nurses performing similarly to physicians. Sensitivity of the two step 

protocols was 63–65%, with specificity exceeding 90%, and overall accuracy in the high 

80%’s. Sensitivity for moderate-severe delirium was 78%. Our approach directly addresses 

two major barriers to screening, lack of knowledge and lack of time, by providing a 

structured assessment with specified cognitive testing and an app-facilitated adaptive design 

to efficiently complete the CAM, the most widely used and recommended bedside algorithm 

to assess delirium (11). Since only 12–35% of delirium cases are currently detected in 

clinical practice, our protocol can substantially improve delirium identification with a low 

false positive rate among vulnerable hospitalized adults.

A major strength of our study was simultaneous comparison of protocol implementation 

by three clinical disciplines—physicians, nurses, and CNAs—incorporated into their daily 

workflow, relative to an RSDA. Prior studies have focused on delirium screening by nurses 

and physicians; fewer studies have employed CNAs, especially in inpatient hospital care 

(29–34). Contrary to our expectations, protocol accuracy was similar across all clinical 

disciplines. In the two-step protocol, nurses had equal or slightly higher point estimates 

of sensitivity and specificity than physicians. For the UB-2 screen, CNAs had slightly 

higher sensitivity than nurses or physicians, though lower specificity. Confidence intervals 

overlapped for all test characteristics across all three disciplines. This suggests that delirium 

screening can be performed efficiently by nurses and CNAs operating within their scope 

of practice, using for example the nurse two-step protocol with skip (UB-CAM), or the 

CNA UB-2 followed by nurse 3D-CAM with skip (not explicitly tested in our study). 

Notably, physician sensitivity was lower in skip pattern protocols, possibly because they 

were more reliant on time spent with the patient during the assessment to inform coding of 

observational items.

Another strength is our CAM-based, app-directed delirium identification protocol that 

uses adaptive testing to improve efficiency (15). Numerous tools exist for delirium case 

identification including both CAM and non-CAM-based methods (14, 35–40). Our protocol 

provides a standardized approach to score the CAM, and the app compares previous day’s 

results to assess “acute change”, a key feature of delirium. Subset analyses demonstrated 

that this “look back” feature accounted for 25–30% of positive nurse or physician delirium 
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assessments on Day 2. Our app was designed as a research-based tool that sent data to 

RedCAP. For clinical implementation, apps could input data into the electronic health 

record. Importantly, to improve patient outcomes, delirium identification tools such as our 

app should be coupled with recommendations for delirium prevention and/or management 

(1).

The sensitivity of our app-directed protocol was lower than previously reported 3D-CAM 

or simulated UB-CAM validation results (9, 13). These prior studies, typical of initial 

validation studies of delirium instruments, used highly trained research staff (9,11,14, 

35–38). READI results come from nearly 400 diverse front-line clinicians without prior 

delirium assessment training during the course of their daily work. In this context, two-

step sensitivities in the mid-60’s and approaching 80% for moderate-severe delirium, with 

specificities above 90%, compare favorably to those reported in the literature (41–43). 

In a simultaneous qualitative analysis, clinicians reported positive experiences with the 

app-directed protocols, and expressed interest in using them in practice (15, 44).

Strengths of our study were the large sample of over 500 patients, nearly 400 clinicians, 

and over 900 days of delirium assessment. Another strength was use of a rigorous RSDA, 

which involved direct patient assessment, medical record review and proxy interview to 

characterize patients’ pre-hospital status. Clinician protocols were performed strictly blinded 

to the RSDA. We purposely enrolled a challenge sample, with mean age of 80 years and 

high prevalence of dementia. Moreover, over 2/3 of delirium occurred in patients with 

dementia, and over 80% was hypoactive; these are the two strongest risk factors for delirium 

non-recognition (42).

We also had some study limitations. Given our study design, an individual clinician did 

relatively few assessments. Clinician training was quite limited in scope and duration; 

more training with skill validation might have improved performance. RSDAs were 

performed by trained research associates and not physicians; however, this approach has 

been utilized in our prior studies (45). Clinicians administered the protocol once daily, 

more frequent administration may have improved sensitivity. Several factors may impact 

generalizability of our findings, including enrolling primarily older, white, non-Hispanic 

medical patients, and less than 50% of patients approached. Future studies should evaluate 

protocol implementation in diverse locations and patients, including surgical patients, skilled 

nursing facilities, and resource-poor settings.

In conclusion, we found that an iPad app-directed, CAM-based adaptive delirium 

identification protocol was feasible, brief, and accurate, with CNAs and nurses performing 

as well as physicians. Future studies should evaluate costs of systematic screening across 

hospital systems, and identify implementation strategies that promote adoption and fidelity 

of delirium identification, coupled with prevention or management strategies, among 

vulnerable hospitalized older adults.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Two-Step Delirium Identification Protocol
This figure depicts the flow of the two-step app-directed, adaptive delirium assessment 

protocol. The protocol begins with the UB-2 screen, which consists of two items, “What is 

the day of the week?” and “Please recite the months of the year backwards”. If the screen 

is negative (both items are correct), the protocol ends and delirium is not present. If one or 

both of the UB-2 items is incorrect, the protocol proceeds to the second step, the 3D-CAM. 

Additionally, the 3D-CAM is randomized to using or not using a skip pattern. In the no-skip 

3D-CAM, all of the remaining items are administered (the UB-2 items are part of the 

3D-CAM). In the skip 3D-CAM, designed to further shorten the protocol, once a single 

item is incorrect or positive, assessment for that item’s CAM feature ends (the threshold for 

triggering the presence of a CAM feature on the 3D-CAM is a single positive item). The 

final determination of delirium presence or absence is based on the Confusion Assessment 

Method (CAM) diagnostic algorithm, which is built into the 3D-CAM assessment. The 

adaptive, interactive testing is facilitated by use of an iPad App.
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Figure 2. Study flow diagram
The numbers in the parentheses are the percent of completed delirium screening protocols 

by certified nursing assistants (CNAs), nurses, and physicians following the reference 

standard delirium assessment (RSDA)

Footnote: *Reasons for non-approach: Reference standard not available = 229, Patient not 

available (off unit) = 61, Droplet precautions = 15, Other = 11
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Table 1.

Patient participant characteristics

Overall (n = 527) Without Delirium (n = 413) With Delirium (n = 114)

Age – mean years (SD) 79.7 (6.6) 79.5 (6.6) 80.5 (6.6)

Male – n (%) 226 (43) 169 (41) 57 (50)

Race* – n (%)

 White 458 (88) 356 (86) 102 (91)

 Black or African American 43 (8) 36 (9) 7 (6)

 Others 22 (4) 19 (5) 3 (3)

Hispanic or Latino* – n (%) 11 (2) 8 (2) 3 (3)

Education* – n (%)

 Less than high school 54 (10) 37 (9) 17 (15)

 High school graduate 191 (37) 143 (35) 48 (44)

 Some college 101 (19) 87 (21) 14 (13)

 College graduate 73 (14) 62 (15) 11 (10)

 Master’s degree 70 (14) 52 (13) 18 (16)

 Doctoral degree 33 (6) 31 (7) 2 (2)

Married* – n (%) 224 (43) 173 (42) 51 (46)

Lives Alone* – n (%) 194 (37) 166 (40) 28 (25)

Charlson Score – n (%)

 0 36 (7) 29 (7) 7 (6)

 1 172 (33) 143 (35) 29 (25)

 2+ 319 (60) 241 (58) 78 (69)

ADL* – sum score (SD) 0.9 (1.4) 0.7 (1.3) 1.4 (1.8)

Impaired in ADL* – n (%) 202 (38) 140 (34) 62 (54)

IADL* – sum score (SD) 1.8 (1.8) 1.5 (1.6) 2.7 (2.1)

Impaired in IADL* – n (%) 333 (63) 244 (59) 89 (78)

Dementia – n (%) 183 (35) 110 (27) 73 (64)

Table Abbreviations and Footnotes:

SD=standard deviation, Charlson= Charlson comorbidity score, ADL=basic Activities of Daily Living, scored 0–6, 6 worst, IADL=Instrumental 
Activities of Daily Living, 0–7, 7 worst

*
Number of missing data: race (4), ethnicity (2), education (5), marital status (2), living situation (2), ADL (2), IADL (2).
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Table 2.

Reference standard delirium assessment cognitive and delirium data

Overall (n = 924) Without Delirium (n = 770) With Delirium (n = 154)

MMSE Total Score*
0–30, 30 best

mean (SD) 24.9 (4.9) 26.1 (3.6) 18.8 (5.7)

median (Q1, Q3) 26 (23, 29) 27 (25, 29) 20 (15, 23)

min, max 3, 30 12, 30 3, 30

MMSE Orientation*
0–10, 10 best

mean (SD) 8.3 (2.1) 8.8 (1.6) 5.7 (2.6)

median (Q1, Q3) 9 (8, 10) 9 (8, 10) 6 (4, 8)

min, max 0, 10 2, 10 0, 10

MMSE Registration/Recall*
0–6, 6 best

mean (SD) 4.9 (1.3) 5.1 (1.0) 3.7 (1.7)

median (Q1, Q3) 5 (4, 6) 5 (5, 6) 4 (3, 5)

min, max 0, 6 1, 6 0, 6

Digit Span*
# Correct out of 5

mean (SD) 4.0 (1.0) 4.1 (0.9) 3.2 (1.0)

median (Q1, Q3) 4 (3, 5) 4 (4, 5) 3 (3, 4)

min, max 0, 5 0, 5 0, 5

Days of Week Backwards*
n correct (%)

780 (85) 696 (91) 84 (56)

DSI*
0–8, 8 worst

mean (SD) 0.6 (1.3) 0.3 (0.8) 2.3 (2.1)

median (Q1, Q3) 0 (0, 1) 0 (0, 0) 2 (0, 4)

min, max 0, 8 0, 6 0, 8

CAM-S Score
0–19, 19 worst

mean (SD) 3.3 (2.9) 2.3 (1.8) 8.1 (2.0)

median (Q1, Q3) 2 (1, 5) 2 (1, 3) 8 (7, 9)

min, max 0, 14 0, 8 4, 14

Psychomotor Summary

Hyperactive, n(%) 24 (3) 9 (1) 15 (10)

Hypoactive, n(%) 86 (8) 31 (4) 55 (36)

Mixed, n(%) 14 (2) 0 (0) 14 (9)

Normal, n(%) 800 (87) 730 (95) 70 (45)

Table Abbreviations and Footnotes:

MMSE=Mini-Mental State Examination, DSI=Delirium Symptom Interview, CAM-S=CAM-Severity Score, SD=Standard deviation, Q1=quartile 
1, Q3=quartile 3, Min=minimum, Max=Maximum

†
Digit Span= Number Correct out of 3, 4, and 5 forwards, plus 3, 4 backwards

*
Number of missing data: MMSE total score (3), MMSE orientation (1), MMSE registration/recall (1), digit span (8), days of week backwards 

(10), DSI (4).
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