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Abstract

Objective: Delirium is a common postoperative complication of hip fracture.

Various methods exist to detect delirium as a reference standard. The goal of this

study was to characterize the properties of the measures obtained in a randomized

controlled trial, to document their relationship to the Diagnostic and Statistical

Manual of Mental Disorders:Text Revision based diagnosis of postoperative

delirium by a consensus panel, and to describe the method in detail to allow

replication by others.

Methods: A secondary analysis of the randomized trial STRIDE (A Strategy to

Reduce the Incidence of Postoperative Delirium in Elderly Patients) was conducted.

Delirium assessments were performed in 200 consecutive hip fracture repair pa-

tients ≥65 years old. Assessors underwent extensive training in delirium assessment

and the final delirium diagnosis was adjudicated by a consensus panel of three

physicians with expertise in delirium assessment.

Results: A total of 680 consensus panel delirium diagnoses were completed. There

were only 19 (2.8%, 19/678) evaluations where the delirium adjudication by the

consensus panel differed from delirium findings by the Confusion Assessment

Method (CAM). In 16 (84%, 16/19) of the cases, CAM was negative but the

consensus panel diagnosed the patient as having delirium based on all of the

available information including the CAM.

Conclusion: The consensus panel diagnosis was more sensitive compared to CAM

alone, however the magnitude of the difference was not large. When assessors are

well trained and delirium assessments are closely supervised throughout the study,

CAM may be adequate for delirium diagnosis in a clinical trial. Future studies are

needed to test this hypothesis.
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Key points

� The consensus panel diagnosis was more sensitive compared to the Confusion Assessment

Method (CAM) alone.

� The magnitude of the differences in the proportion of delirium cases detected by CAM

alone compared to the consensus panel diagnosis was not large.

� Delirium assessors need to undergo rigorous standardized training in cognitive evaluation,

clinical observation and data gathering from informants and care providers.

1 | INTRODUCTION

Delirium is an abrupt and fluctuating disturbance in attention and

awareness, developing over a short period of time and representing a

change from baseline.1 It is a condition that takes a toll on a large

number of individuals and has a significant economic impact. For

example, in the United States alone, delirium affects more than 2.6

million adults age 65 and older each year, and costs over 164 billion

in annual healthcare expenditures.2 In addition to high health care

costs, delirium is also associated with long term consequences

including poor functional recovery3 and institutionalization.4

A condition associated with high incidence of delirium is hip

fracture repair; incidence ranges from 13% to 56%.5 It is one of the

more common immediate complications after surgery6 and is also

associated with a multitude of longer term complications including

prolonged rehabilitation, loss of independence, and high mortality.7

Although there has been an effort to develop physiological

measures of delirium such as biomarkers for diagnostic purposes,2

delirium still remains a clinical diagnosis, based upon examination of

the patient, interviewing informants (e.g. family, health care pro-

viders), and reviewing the medical record. Clinician based diagnosis

as the reference standard is still the most common method of vali-

dating delirium screening methods in both clinical and research set-

tings.2 Challenges to accurate and rigorous diagnosis of delirium are

frequently inherent to the syndrome and include fluctuation of

symptoms during the day,1 delirium types that are more difficult to

recognize such as hypoactive delirium which may be characterized by

drowsiness and inactivity as well as a milder degree of symptoms, as

in subsyndromal delirium.8 In addition, presence of other conditions

that either mimic delirium or frequently exist as comorbid conditions

such as depression or dementia may also result in misclassification of

the condition.2 All of these factors may result in under‐detection of

delirium, especially when there is lack of training in delirium

screening and assessment.9

The employment of a panel of clinical experts to review the ev-

idence and come to consensus in the diagnosis of delirium (consensus

panel) has been used in research settings to overcome aforemen-

tioned factors in delirium underdetection. For example, in a recent

study that examined previously published delirium diagnosis meth-

odologies, 70% of the authors of these studies reported using

consensus panels to review delirium diagnoses.10 However, there are

few studies that describe the methods in significant detail including

the assessment training process,9,11,12 and it still remains unclear

whether the consensus diagnostic process significantly improves the

sensitivity and specificity of delirium detection. In addition, although

consensus panel diagnosis is often used as a reference standard for

validation of delirium screening tools, the properties of this meth-

odology compared to commonly used delirium detection instruments

also remain unclear. Therefore, the goal of this study was to char-

acterize the properties of a DSM‐IV based diagnosis of postoperative

delirium by a consensus panel process in a large clinical trial, and to

describe the method in detail so that the process can be replicated in

future studies.

2 | METHODS

2.1 | Study population

Our study is a secondary analysis of a randomized trial STRIDE

(A Strategy to Reduce the Incidence of Postoperative Delirium in

Elderly Patients) which comprised of 200 consecutive hip fracture

repair patients ≥65 years who met the enrollment criteria from 2011

to 2016 (ClinicalTrials.gov; NCT00590707). The STRIDE trial

assessed delirium incidence in older patients undergoing hip fracture

repair following administration of lighter versus heavier propofol

sedation during surgery.13 The details of the inclusion and exclusion

criteria were published previously.14 The study was approved by the

Johns Hopkins Institutional Review Board, and all participants gave

written informed consent.

2.2 | Delirium and cognitive assessment
methodology

2.2.1 | Delirium assessment training

Three research assistants (RAs) were trained by a board‐certified
psychiatrist and director of the inpatient psychiatry consultation

service with ≥20 years of clinical experience including delirium

assessment (KN). The initial training included a 3 h didactic course

on clinical features of delirium and dementia as well as 2.5 h of

training videos, featuring actors with symptoms of delirium.

The RAs practiced rating Delirium Rating Scale–Revised 98

(DRS‐R‐98)15 and Confusion Assessment Method (CAM)16 assess-

ment forms with the training video, and with volunteer patients
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who were not involved in the STRIDE study. The RAs independently

completed the ratings with the volunteer patients and compared

the agreement with the study psychiatrist who observed the

assessment in person. The RAs were permitted to start assessing

study patients in the STRIDE study after the following requirements

were met: (1) a minimum of 10 patients (50% with delirium) had

been evaluated and (2) once the assessments were in 100%

agreement with the study psychiatrist for five consecutive patients.

The average training duration for each RA ranged from 10 to 20 h

total. During the study, we measured agreement among raters and

kappa statistics were between 0.7 and 0.8, which is consistent with

substantial agreement.

2.2.2 | Cognitive baseline assessment training

Each of the RA's completed the online training course for the Clinical

Dementia Rating (CDR).17 They also observed the study geriatrician

(EO) at an outpatient Memory Clinic to learn clinical features of

dementia.

2.2.3 | Delirium and cognitive baseline data
collection

1. Direct patient assessment.

The RAs first asked the patient open ended interview questions

about (1) the patient's sleep, (2) the care that the patient was

receiving in the hospital, (3) the presence of any odd or unusual

experiences, beliefs or perceptions during the past day and (4) the

level of pain on a 10‐point rating scale. The trained RAs used the

following tools to screen cognitive function prior to surgery and at

each subsequent visit to assess for delirium including the Mini‐
Mental State Examination (MMSE),18 Abbreviated Digit Span

Test,19 and test of attention including reciting backwards the

months of the year from December to January (MOTYB),20 or Days

Of the Week Backwards (DOWB) from Sunday to Monday.21

Patients were given credit if they were able to state months of the

year backwards starting at December and correctly state at least

7 months or more.22 All 7 days of the week must have been per-

formed correctly in backwards order in order to get credit for

DOWB. The RAs also completed the CAM.16 Patients were

assessed for the two core features of CAM including acute change

in mental status with fluctuating course and inattention (features 1

and 2). They were also assessed for two other features including

disorganized thinking and altered level of consciousness (features 3

and 4). The diagnosis of delirium by CAM required the presence of

features 1 and 2 and either 3 or 4.16 Each interview was conducted

once a day at approximately the same time each day. All patient

outcome measures were purchased or used with appropriate

permission from copyright holders.

2. Informant interviews.

The RAs interviewed informants (family, friends) about the pa-

tient's function prior to surgery using the Short Form of the Infor-

mant Questionnaire on Cognitive Decline in the Elderly (IQCODE)23

at study entry during the baseline assessment prior to surgery.

Prior to surgery and daily up to 5 days after surgery, the RAs

interviewed the patient's family, friends and medical staff taking care

of the patient about patient's ability to pay attention, their thinking,

whether they were too drowsy, or too restless, presence of confu-

sion, disorientation, hallucinations, agitation and pulling at IV lines or

trying to get out of bed, slowed movements and sleep‐wake cycle.

Due to the fact that family members were almost always involved in

the consent process, family members were available for questions

preoperatively. If there were no family member available during the

hospitalization, nursing and other staff (physical and occupational

therapists) were interviewed each day for evidence of change from

baseline. Finally, all notes in the medical record from the previous

24 h were reviewed by the RA's for any symptoms suggestive of

delirium. These descriptions were noted in the research notes.

3. RA narrative.

The RAs completed a brief written narrative paragraph each day,

and an assessment was completed that included a description of the

patient's appearance, behavior, attention, level of arousal, and the

environment when the patient was being interviewed. The patient's

performance on the cognitive screens was summarized and included

any additional information of importance provided by the informants

and medical record entries from the past 24 h. Postoperative day 1

also included information from the preceding 24 h. This written

synthesis formed the basis for the presentation to the consensus

panel members. The process intentionally incorporated all available

sources of information whether from the medical record, direct

observation, or interview of clinical staff.

2.2.4 | Consensus panel for delirium diagnosis

The consensus panel consisted of two psychiatrists (KN, PR) and a

geriatrician (EO) with expertise in delirium assessment. All of the

members of the consensus panel were masked to the treatment

assignment. The members of the panel reviewed all of the informa-

tion gathered by the RAs including narrative of the patient and

informant interviews, results of the assessments including CAM and

DRS‐R‐98, and information gathered from chart review for the pre-

ceding 24 h. Each member of the panel independently rated the

patient according to the DSM‐IV.24 The criteria included (i) distur-

bance in consciousness with reduced ability to focus, sustain or shift

attention; (ii) a change in cognition or the development of a

perceptual disturbance i.e. not better accounted for by a pre‐existing,
established, or evolving dementia; (iii) the disturbance develops over
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a short period of time and tends to fluctuate during the course of

the day.

There were three possible ratings for the panelists including the

following (i) no delirium, no criteria met; (ii) no delirium, but one or

two criteria met; (iii) delirium, all criteria met. The ratings of the three

panelists were compared afterwards, and the panel discussed each

case until consensus was achieved. All of the consensus ratings were

completed prospectively, and ratings were not changed after the

information about the subsequent days were revealed.

2.3 | Analyses

Patient characteristics were described using mean and standard de-

viation (SD) for continuous variables, and with frequency and per-

centage (%) for categorical variables. Between group differences of

these characteristics were compared using 2‐sample t‐test, analysis
of variance F‐test, or their nonparametric equivalent (e.g., Wilcoxon

rank sum test and Kruskal–Wallis test) as appropriate, for continuous

variables, and using chi‐square test or Fisher's exact test for cate-

gorical variables. We conducted secondary data analysis of non‐
independently obtained measures including the consensus panel

diagnosis, the CAM and the DRS‐R‐98. Sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV) were

calculated for CAM test results and DRS‐R‐98 severity score (>15)
classifications against post‐operative delirium diagnosis made by the

expert consensus panel. Sensitivity analysis was performed with DRS‐
R‐98 severity score >10. Estimates were derived based on results

from post‐op day 1, and all observations from post‐op day 1 through
hospital discharge or up to post‐op day 5 if length of stay was more

than 5 days. Exact 95% confidence intervals (CIs) were derived for

the estimates, except for the estimates based on multiple day ob-

servations from the same patients, where the 95% CIs were derived

based on generalized estimating equations (GEE) results using robust

inferences. A p‐value of ≤0.05 was considered to be statistically

significant, and SAS 9.4 software was used for data analyses.

3 | RESULTS

A total of 538 hip fracture patients were screened from 2011 to

2016, and 200 patients were randomized to lighter or heavier pro-

pofol sedation. Of the 538 patients, 42.8% (225/538) met eligibility.

Among those that met eligibility, 4.4% (10/538) declined participa-

tion and 6.6% (15/538) became ineligible during the time between

consent and surgery. A total of 680 consensus panel delirium as-

sessments were completed for the 200 patients from post‐surgery
day one to day five or hospital discharge, including 677 CAM and

674 DRS‐R‐98 assessments that were reviewed by the consensus

panel. Among all the 680 patient‐days with consensus panel evalu-

ations, there were three patient‐days without the CAM evaluation,

and additional three (six in total) patient‐days without the DRS‐98
evaluation. On average, each patient had 3.39 (SD 1.18, range 1–5)

CAM and 3.38 (SD 1.18, range 1–5) DRS‐R‐98 assessments. The

number of assessments were influenced by each patient's hospital

length of stay. Baseline patient characteristics by delirium consensus

panel diagnosis are listed in Table 1. In addition, most patients were

retired (78.0%, 156/200), living in their own home (72.5%; 145/200)

either by themselves or with their spouses (66%, 132/200). A total of

36.5% (73/200) of the patients were diagnosed with delirium on at

least 1 day during hospitalization by consensus panel diagnosis. In

comparison, 30% (60/200) of the patients developed delirium on

at least 1 day during their hospital stay by CAM alone and 13.5%

(27/200) by DRS‐R‐98 Severity Scale score of >15.12,15 Patients who
met the delirium criteria in one of the three methods had significantly

lower MMSE scores,18 lower abbreviated digit span (backwards)

scores,25 higher (worse) IQCODE,23 and higher (worse) global CDR as

well as CDR sum of boxes scores compared to those without delirium

(Table 2). There were no statistically significant differences between

abbreviated digit span (forward) scores across delirium diagnosis

methods.

A total of 19 (2.8%, 19/678) delirium evaluations differed in the

adjudication by the consensus panel diagnosis from the delirium

findings by the CAM. In most of the evaluations (84%, 16/19), CAM

was negative, but the consensus panel diagnosis adjudicated the

patient as having delirium based on all of the available information

including the CAM. In three of the evaluations (16%, 3/19), CAM was

positive, but the consensus panel did not diagnose delirium. However,

in all three cases, the consensus panel diagnosis adjudicated the case

as “subsyndromal delirium” as it did not reach the DSM‐IV criteria.

When sensitivity and specificity of delirium screening tools were

determined using consensus panel diagnosis as the reference stan-

dard, sensitivity and specificity for CAM was 79.3% and 98.0%,

respectively. For DRS‐R‐98 with cut off score of >15, the sensitivity
and specificity were 33.1% and 100%, respectively (Table 3). When

the cut off score of DRS‐R‐98 was decreased to >10, sensitivity was
73.6% and specificity 95.2% (Table S1). The PPV and NPV of the

CAM was 93.3% and 94.6% respectively. By comparison, the PPV and

NPV of the DRS‐R‐98 was 94.7% and 85.7% respectively. These es-

timates were derived from pulling all daily measures during partici-

pants' hospital stay up to postop day five after adjusting for

correlation of repeated assessments within the participant.

4 | DISCUSSION

The goal of this study was to describe and evaluate the properties of

DSM‐IV based diagnosis of postoperative delirium in a hip fracture

population by a consensus panel. The consensus panel detected more

cases of postoperative delirium compared to CAM and DRS‐R‐98
alone. However, the differences in the number of delirium cases

detected by the consensus panel compared to CAM were not large

(∼3%) when CAM assessments were administered by well‐trained
RAs and based upon rigorous standardized cognitive evaluation,

clinical observation and data gathering from informants and care

providers.
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Our study results are similar to the study by Zou et al. which

compared delirium diagnosis based on one‐time assessment by a

clinician and diagnosis based on multiple‐time point assessment

by a trained nurse clinician using CAM with reference rating by a

consensus panel.11 In this study, delirium diagnosis based on one‐
time assessment by a clinician had a low sensitivity and poor

level of agreement (e.g. kappa coefficient) compared to reference

rating by the consensus panel. However, delirium diagnosis by a

trained nurse clinician who assessed for delirium at multiple time

points using CAM had high sensitivity and specificity as well as

high level of agreement with reference rating by the consensus

panel.11

TAB L E 1 Patient characteristics by delirium consensus panel diagnosis

All patients (n = 200) Delirium (n = 73) No delirium (n = 127) p‐value

Demographics

Age, mean (SD)a years 81.8 (7.7) 83.7 (7.2) 80.6 (7.8) <0.01

Female 146 (73.0) 52 (71.2) 94 (74.0) 0.67

Caucasian 194 (97.0) 72 (98.6) 122 (96.1) 0.42

Education level 0.45

Less than high school 76 (38.0) 32 (43.8) 44 (34.6)

High school 76 (38.0) 25 (34.2) 51 (40.2)

Some college 28 (14.0) 11 (15.1) 17 (13.4)

College graduate or higher 20 (10.0) 5 (6.8) 15 (11.8)

Status prior to surgery

Charlson comorbidity index, mean (SD) 1.5 (1.8) 1.8 (2.1) 1.3 (1.5) 0.15

ASAb physical status classification score, >3 11 (5.5) 6 (8.2) 5 (3.9) 0.21

Activities of Daily Living,c mean (SD) 4.61 (1.52) 4.08 (1.66) 4.91 (1.35) <0.0001

Instrumental Activities of Daily living, mean (SD)d 5.85 (2.22) 5.19 (2.38) 6.23 (2.04) <0.01

pre‐surgery cognitive testing

IQCODE,e mean (SD) 51.87 (7.20) 54.13 (8.46) 50.60 (6.06) <0.05

CDR global score <0.01

0 82 (41.4) 21 (29.6) 61 (48.0)

0.5 94 (47.5) 37 (52.1) 57 (44.9)

1 16 (8.1) 7 (9.9) 9 (7.1)

2 6 (3.0) 6 (8.5) 0 (0.0)

Mean (SD) 0.38 (0.42) 0.53 (0.54) 0.30 (0.31) <0.01

CDR sum of boxes, mean (SD) 1.47 (2.53) 2.37 (3.52) 0.97 (1.55) <0.01

Abbreviated digit span (total score)f 3.77 (1.01) 3.57 (1.10) 3.88 (0.91) <0.054

Forward, mean (SD) 2.64 (0.56) 2.60 (0.55) 2.67 (0.56) 0.25

Backward, mean (SD) 1.12 (0.71) 0.97 (0.75) 1.20 (0.67) <0.05

Mini mental status exam scoreg mean (SD) 24.30 (3.68) 22.99 (3.89) 25.05 (3.34) <0.001

Surgery characteristics

Type of hip surgery repair <0.01

Hemiarthroplasty 69 (34.5) 20 (27.4) 49 (38.6)

Total hip arthroplasty 11 (5.5) 1 (1.4) 10 (7.9)

Cannulated screw 9 (4.5) 1 (1.4) 8 (6.3)

Intramedullary hip screw 110 (55.0) 51 (69.9) 59 (46.5)

Girdlestone 1 (0.5) 0 (0.0) 1 (0.8)

(Continues)
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In general, increased sensitivity of delirium detection by the

consensus panel is most likely due to the fact that more information

is incorporated into delirium adjudication including objective

cognitive and delirium testing, informant (family, nursing staff)

interviews, chart review and a narrative account of the encounter

with the patient (appearance, behavior, environment, etc.). In

addition, the consensus panel consisted of three physicians (two

psychiatrists and one geriatrician) who had extensive experience in

TAB L E 2 Baseline cognition by measures of delirium

Confusion assessment method
(CAM)

Delirium rating Scale‐98R severity
scale Consensus panel DSM‐ IV TR delirium diagnosis

Patients with
any CAM + in

postop period

Patients with
no CAM+ in

postop period

Patients with
any score >15 in
postop period

Patients with all
scores ≤15 in the

postop period

Patients with DSM IV
TR delirium diagnosis

in postop period

Patients without any

DSM IV TR delirium
diagnosis in postop

period

N (%) 60 (30) 140 (70) 27 (13.5) 173 (86.5) 73 (36.5) 127 (63.5)

MMSE

Mean (SD) 22.5 (4.01) 25.1 (3.23)** 20.6 (4.28) 24.9 (3.2)** 23.0 (3.89) 25.0 (3.34)**

Abbreviated digit span forward (out of 3)

Mean (SD) 2.6 (0.53) 2.7 (0.57) 2.7 (0.56) 2.6 (0.56) 2.6 (0.55) 2.7 (0.56)

Backward (out of 2)

Mean (SD) 0.9 (0.75) 1.2 (0.68)* 1.0 (0.77) 1.1 (0.70) 1.0 (0.75) 1.2 (0.67)*

Total (backwards and forwards)

Mean (SD) 3.6 (1.07) 3.9 (0.95) 3.6 (1.1 7) 3.8 (0.97) 3.6 (1.10) 3.9 (0.91)*

IQCODE

Mean (SD) 55.0 (9.01) 50.6 (5.85)** 58.7 (10.46) 50.8 (5.95)** 54.1 (8.46) 50.6 (6.06)*

Clinical dementia rating

Global score

mean (SD)

0.6 (0.57) 0.3 (0.31)** 0.8 (0.60) 0.3 (0.35)** 0.5 (0.54) 0.3 (0.31)*

Sum of boxes

mean (SD)

2.7 (3.77) 1.0 (1.53)* 4.1 (4.42) 1.1 (1.83)* 2.4 (3.52) 1.0 (1.55)*

Note: Data were pulled for all 200 participants for each assessment (CAM, DRS‐R‐98, DSM‐IV TR) which were conducted daily during participants'

hospital stay. p values are calculated from t‐test or a Wilcoxon rank‐sum test.

Abbreviations: DSM‐ IV TR, Diagnostic and Statistical Manual of Mental Disorders: Text Revision; IQCODE, Informant Questionnaire on Cognitive

Decline in the Elderly; MMSE, Mini‐Mental State Examination.

*p < 0.05.

**p < 0.001.

T A B L E 1 (Continued)

All patients (n = 200) Delirium (n = 73) No delirium (n = 127) p‐value

Surgery duration, mean (SD) minutes 129.6 (37.4) 126.3 (39.0) 131.5 (36.4) 0.21

Incision to end of surgery, mean (SD) minutes 91.5 (34.4) 86.3 (35.3) 94.6 (33.6) <0.05

Abbreviation: IQCODE, Informant Questionnaire on Cognitive Decline in the Elderly.
aSD: standard deviation.
bASA: American Society of Anesthesiologists.
cADL: Activities of Daily Living is based on the Physical Self‐Maintenance Scale (PSMS), which is scored from a minimum of 0 to a maximum of 6 which

indicates full independence.26

dIADL: Instrumental Activities of Daily Living is scored from 0 to 8 with 8 indicating full independence.26

eIQCODE: Short Form of the Informant Questionnaire on Cognitive Decline in the Elderly Informant Questionnaire.23

fRaw test scores for verbal fluency and digit span were transformed to T scores based upon population norms standardized for age, sex, education, and

race with mean = 50 and SD = 10.
gMMSE: Mini‐mental state examination scores range from 0 to 30 with 30 indicating good cognitive function; p‐values are calculated from Fisher's Exact

test, t‐test or a Wilcoxon rank‐sum test.
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delirium diagnosis. In our study, the RAs underwent rigorous

delirium assessment training, and were trained to incorporate

objective assessment results (e.g. MMSE, digit span) as well as

informant and chart review based clinical history in scoring the

daily CAM scores. In such instance, we found that the rate of

delirium diagnosis by CAM alone performed by well trained RAs

was very close to the reference standard by the consensus panel.

Our RAs also completed the online training course for the CDR17

and observed a study physician at an outpatient memory clinic for

the purpose of rating CDR as part of the study. However, these

types of training are probably beyond the scope of a focused

delirium training. Although some of the elements of this study are

implementable at a systems level, extensive effort that was given in

this study for getting data on patients on each day and longitudinal

follow‐up takes a tremendous amount of resource and may be

difficult to implement as part of a routine care.

In our study, DRS‐R‐98 was used to measure delirium severity,

which is a widely used tool that can be used to diagnose both

delirium and delirium severity.15,27 Using the consensus panel diag-

nosis as the reference, DRS‐R‐98 alone had high specificity for

diagnosing delirium, but had low sensitivity when cut‐off score of

15.25 was used. DRS‐R‐98 therefore appears to be more useful for

documenting delirium severity than for diagnosing delirium. How-

ever, measuring delirium severity remains important. We previously

demonstrated that delirium severity measured by DRS‐R‐98 was

found to be an independent risk factor for 1 year mortality in the

STRIDE study,28 similar to other studies that have reported the as-

sociation of delirium severity with important long‐term clinical

outcomes.29,30

It is also important to recognize that in addition to the type of

delirium detection tools, other factors that may influence delirium

detection rate, including the frequency of assessments5 as well as

different diagnostic criteria that have been revised over time in the

Diagnostic and Statistical Manual (DSM).12 One study comparing

DSM‐5 and DSM‐IV in pooled data from six prospective studies

showed that delirium identification rate varied significantly depend-

ing on the interpretation of different DSM criteria.31

The strength of this study includes a detailed description of how

to operationalize training of delirium assessors and a consensus

panel, and also provides as estimate of how delirium assessments by

well‐trained RAs can perform compared to a reference standard. We

demonstrate that although the consensus panel detected more cases

of delirium, delirium by CAM alone was also very close to the

reference standard. However, it is important to point out that CAM

was rated by well‐trained RAs, and that the same information gath-

ered to rate the CAM was also reviewed during the consensus

diagnosis process, and therefore we would expect a high sensitivity/

specificity as well as good PPV and NPV. The sample size for this

secondary data analysis was constrained to the total sample size of

200 from the original STRIDE trial, which limited the level of esti-

mation precision as demonstrated by the width of the 95% CI for the

estimates, especially among the sensitivity estimates which are

further constrained by the delirium event rate.

The information presented in this paper is a secondary data

analysis of non‐independently obtained measures including the

consensus panel diagnosis, the CAM and the DRS‐R‐98. True pre-

diction of the psychometric properties of the screening tools versus

that of the consensus panel should be derived from independently

TAB L E 3 Diagnostic characteristics of screening tools on the initial day and on multiple days of observations compared to the consensus
panel reference standard diagnosis

Confusion assessment method (CAM) Delirium rating Scale‐98R severity scale (DRS‐R‐98)a

First day of

observation

(n = 200
patients)

Multiple days of

observation

crude (n = 678
patient‐days)

Multiple days of

observation

adjusted (n = 678
patient‐days)b

First day of

observation

(n = 200
patients)

Multiple days of

observation

crude (n = 675
patient‐days)

Multiple days of

observation

adjusted (n = 675
patient‐days)b

% (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI) % (95% CI)

Delirium (consensus panel)c 26.5 (20.4, 32.6) 19.3 (16.5, 22.5) 19.1 (15.5, 23.6) 26.5 (20.4, 32.6) 19.3 (16.5, 22.5) 19.1 (15.5, 23.6)

Prevalence of delirium per

neuropsychiatric

examination, %

22.5 (16.7, 28.3) 15.9 (13.4, 18.9) 15.5 (12.2, 19.7) 8.5 (4.6, 12.4) 6.4 (4.8, 8.5) 5.9 (4.0, 8.7)

Sensitivity 79.3 (68.3, 90.2) 77.9 (71.1, 85.3) 76.6 (72.8, 80.4) 33.1 (25.9–42.2) 29.9 (22.0, 40.7) 31.9 (28.1, 35.7)

Specificity 98.0 (95.7, 100.0) 98.9 (98.0, 99.8) 98.9 (98.0, 99.8) 100 (100–100) 100 (91.6–100) 100 (98.0, 100)

Positive predictive value

(PPV)

93.3 (86.1, 100.0) 94.4 (90.1, 98.8) 93.3 (88.8, 97.8) 100 (100–100) 100 (100–100) 94.7 (84.3, 100)

Negative predictive value

(NPV)

92.9 (88.9, 97.0) 94.9 (93.1,96.7) 94.7 (92.6, 96.8) 80.3 (74.6, 86.1) 86.2 (83.6, 88.9) 85.7 (82.3, 89.2)

Note: Among cases where both screening tests and neuropsychiatric exam were completed on the same day.
aDRS‐98R Severity Scale >15 (i.e. 16 and up).
bAdjustment was done for the repeated assessments of individual patients using generalized estimating equations models with robust estimates.
cA total of 73 (36.5%) of 200 unique patients were diagnosed with delirium, per neuropsychiatric evaluation, on at least 1 day during their hospital stay.
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derived measures. While it might be tempting to conclude that the

CAM screening tool alone would have performed as well as the

consensus panel diagnostic adjudications, we are unable to conclude

this. For example, the lead RA (who was responsible for supervision)

presented to the consensus panel during each meeting. After she was

questioned about the case, she listened to and documented the

various arguments by panel members in coming to a decision about

diagnosis. While this served as a quality check on the reported data,

it may also have shaped the RA's administration during future as-

sessments in the study, although we did not find evidence that the

duration elapsed in the study affected the discrepancies between the

CAM assessments and the consensus panel evaluations. Thus, the

rating processes in this study are not entirely independent;

consensus panel discussions may have also served an unplanned

training function throughout the study.

5 | CONCLUSION

The consensus panel diagnosis detected more cases of delirium

compared to CAM alone, however the magnitude of the difference

was not large. When assessors are well trained and receive ongoing

supervision, CAM may be adequate for delirium diagnosis in a clinical

trial.
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