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Abstract
Introduction
The large number of heterogeneous instruments in active use for identification of delirium prevents direct comparison of studies and the ability to combine results. In a recent systematic review we performed, we recommended four commonly used and well-validated instruments and subsequently harmonized them using advanced psychometric methods to develop an item bank, the Delirium Item Bank (DEL-IB). The goal of the present study is to find optimal cut-points on four existing instruments and to demonstrate use of the DEL-IB to create new instruments.
Methods
We used a secondary analysis and simulation study based on data from three previous studies of hospitalized older adults (age 65+ years) in the United States, Ireland, and Belgium. The combined dataset included 600 participants, contributing 1,623 delirium assessments, and an overall incidence of delirium of about 22%. The measurements included the Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM-5) diagnostic criteria for delirium, Confusion Assessment Method (CAM) (long-form and short-form), Delirium Observation Screening Scale (DOSS), Delirium Rating Scale-Revised-98 (DRS-R-98) (total and severity scores), and Memorial Delirium Assessment Scale (MDAS).
Results
We identified different cut-points for each existing instrument to optimize sensitivity or specificity, and compared instrument performance at each cut-point to the author-defined cut-point. For instance, the cut-point on the MDAS that maximizes both sensitivity and specificity was at a sum score of 6 yielding 89% sensitivity and 79% specificity. We then created four new example instruments (two short forms and two long forms) and evaluated their performance characteristics. In the first example short form instrument, the cut-point that maximizes sensitivity and specificity was at a sum score of 3 yielding 90% sensitivity, 81% specificity, 30% positive predictive value (PPV), and 99% negative predictive value (NPV).
Discussion/Conclusion
We used the DEL-IB to better understand the psychometric performance of widely used delirium identification instruments and scorings, and also demonstrated its use to create new instruments. Ultimately, we hope the DEL-IB might be used to create optimized delirium identification instruments and to spur the development of a unified approach to identify delirium.


Introduction
Delirium is a public health problem that disproportionately impacts older adults. Estimated to occur in over 2.6 million older (age 65+ years) Americans annually, it accounts for over $164 billion in healthcare expenditures [1], yet remains understudied [2, 1]. The effects of delirium often persist beyond the acute event, leading to prolonged hospitalization, and increased risk of dementia and death [3, 1]. While effective approaches have been developed to prevent delirium [4], little consensus exists on approaches for identification of delirium [5].

A large number of instruments are used for the identification of delirium; their performance characteristics across different populations and their agreement with each other are largely unknown. In our systematic review, we identified that at least 30 instruments exist for identifying delirium (e.g., screening or diagnosis) and each assesses varying delirium domains [6]. Among these, the Confusion Assessment Method (CAM) [7], Delirium Observation Screening Scale (DOSS) [8], Delirium Rating Scale-Revised-98 (DRS-R-98) [9], and Memorial Delirium Assessment Scale (MDAS) [10] as the instruments that were most commonly used, with high quality psychometric validation and best coverage of the domains in the Diagnostic and Statistical Manual of Mental Disorders fifth edition (DSM5) [11] criteria. 

Previously, we harmonized the four instruments using advanced psychometric methods and developed the Delirium Item Bank (DEL-IB) [12]. We used three separate datasets [13-15], each containing multiple instruments administered to participants, allowing for harmonization of the items on the same metric, propensity to delirium. The goals of the present study are to determine the cut-points that would best identify delirium based on a common reference standard across the selected instruments, and to use the DEL-IB to create new example instruments and to demonstrate their performance characteristics using differing cut-points. 

Methods
Study Samples. 
We previously described the study samples, the harmonization and linkage using item response theory (IRT) of four delirium instruments (CAM, DOSS, DRS-R-98, MDAS), and the creation of the DEL-IB [12]. Briefly, we used data from three studies: Adamis (n=200) [14], BASIL (Better Assessment of Illness Study) (n=352) [15, 16], and Detroyer (n=48) [13] each administering multiple delirium identification items and instruments to hospitalized adults age 65 years and older. Our analytic sample included 600 participants, contributing 1,623 delirium assessments. Each source study administered at least two delirium assessment instruments, in part or in whole. The BASIL study administered the CAM and MDAS, and partial versions of the DOSS and MDAS [15, 16]. The BASIL study collected all measures using standardized approaches that have been previously validated against reference standard ratings [15]. All assessments were completed by rigorously trained research assistants in general hospital patients. The Detroyer study administered the CAM and the DOSS (and the Delirium Index [17], although we do not use data from this scale in this study). Detroyer et al obtained DOSS data from bedside nurses and CAM ratings from trained research assistants from patients in a palliative care unit. Adamis et al collected the CAM and the DRS-R-98 from patients admitted to acute care units by trained raters. Adamis and colleagues also collected information to perform diagnostic classification according to DSM5 criteria [11]. It is important to note that for all studies, we make use of individual assessment data, and for many analyses down to the item level, rather than pooled summary scores across shifts. This secondary analysis study of de-identified data was conducted under an Institutional Review Board waiver. 

Overall Analytic Approach. 
Our first analysis identified cut-points on the four selected instruments. We started with the Adamis study where the CAM and DRS-R-98 scores were related to DSM-5-defined delirium diagnoses, the reference standard [11]. We then repeated these procedures using summary scores derived from the MDAS and DOSS, plus alternative versions of the CAM and DRS-R-98, by linking common items across studies and relating their performance to DSM-5-defined delirium diagnoses. We used simulation methods based on the Adamis results and IRT results from our prior harmonization work [12]. Our first goal was to determine cut-points that best identified presence of delirium through simulation studies using our secondary data sources. We estimated three different cut-points on each instrument: one cut-point to optimize sensitivity (>90% sensitivity), one to optimize specificity (>90% specificity), and one that maximizes Youden’s J statistic (J = sensitivity + specificity – 1) [18]. We compared instrument performance at these cut-points with the author-defined cut-points and with performance on the latent trait of propensity to delirium. 

Our second analysis was to illustrate how the DEL-IB could be used to create new instruments. We used the DEL-IB to generate four different examples. We aimed to first create short forms, selecting 5 items as a maximum for streamlined use in clinical practice. The first short form selected items to optimize content validity; the second short form selected items with maximum information at the optimal level on the latent trait for identifying DSM-5 delirium. The statistical notion of information is defined as the inverse of precision [19]. Similarly, two long-forms were created with 10 items each. 

The statistical code to create the crosswalks (Stata version 16.1), the item bank, and the crosswalks (Excel files) are freely available at: https://deliriumnetwork.org/delirium-item-bank-and-harmonization-tools/. The NIDUS Crosswalk Tool which provides values in real-time can be found at: https://deliriumnetwork.org/measurement/.

Data Analysis: Cut-points
Adamis used DSM-5 criteria to diagnose delirium, and assessed each patient simultaneously using the CAM and full DRS-R-98. Since the DEL-IB contained the CAM and DRS-R-98 and Adamis included these instruments alongside the reference standard diagnosis of DSM-5, we were able to generate a latent trait estimate for delirium items. Using logistic regression, we developed a prediction model for DSM-5 reference standard delirium diagnosis given the latent trait estimate. We simulated a dataset of 100,001 observations using the program Firestar [20], applying the existing parameter estimates across all six original instruments in the DEL-IB. Then, we added the DSM-5-defined delirium diagnoses to this dataset applying the prediction model based on the Adamis dataset. This allowed us to generate scores across all six different instrument scorings in the simulated dataset. Next, we related the total scores, author’s cut-points, and identified cut-points that optimized sensitivity nearest to 90%, specificity nearest to 90%, and maximal Youden’s J cut-score on each of the original instruments. We also looked at the latent trait estimate used in the item-generating models in terms of sensitivity nearest to 90%, specificity nearest to 90%, and maximal Youden’s J statistic. For all analyses, we used direct standardization weights to generate a common marginal distribution of CAM short form scores across studies [21]. We used Stata (version 16.1, College Station, Texas) in all of our analyses to develop our IRT models and receiver operator characteristic (ROC) curves.

Each instrument used different author-defined methods to estimate the likelihood of delirium identification. The CAM (both short and long forms) defines delirium using a diagnostic algorithm [7]. The DOSS defines delirium as a score ≥3 points [22, 23, 8], often on the basis of a mean over 3 shifts, although sometimes as the maximum over three shifts [24]. However, in our analyses we base delirium present/absent according to DOSS assessment data on the basis of each individual assessment. The MDAS defines delirium as a score ≥15 points [10]. The DRS-R-98 severity and total defines delirium as a score >15.25 and >17.75 on its 13-item severity score and 16-item total score, respectively [9].

Data Analysis: New Instruments
To demonstrate its application, we used the DEL-IB to create four new instruments, two short forms and two long forms. The delirium identification domains defined from the DSM-5 diagnostic criteria, based on a previous expert panel process by our group [6] included: acute onset, fluctuating course, inattention, disorientation, and cognitive impairment. The expert panel also rated other delirium identification domains covered by DSM-diagnostic criteria from earlier versions of the DSM, including DSM-III (when delirium was first codified), DSM-III-R, DSM-IV, and DSM-IV-TR. In addition to the five domains already defined, there were five additional domains identified: level of consciousness, disorganized thinking, psychomotor agitation, psychomotor retardation, and hallucinations, perceptual disorder or distortion [6]. Based on the previous expert panel process [6], each item of the CAM, DOSS, DRS-R-98, and MDAS items was matched to these domains.

We created four example instruments. The first example instrument is a short form (5 items) with high content validity. We selected the item with the highest information content within each of five DSM-5-defined domains at the latent trait level that maximized the Youden’s J statistic for DSM-5 delirium. 

The second instrument was designed to maximize information. We used item information functions to identify the DEL-IB items that provide the most information in the region of the underlying trait and corresponding to the cut point that optimizes sensitivity and specificity for DSM-5 delirium. This instrument is based on highest information only, without regard for content balancing across DSM-5 domains. 

The third example instrument is a long form (10 items) created for content validity and includes one item from each of the 10 domains of delirium identification across all versions of the DSM. The items for this example instrument were selected by the same criteria used for the first example instrument. Within each of the 10 domains of the DSM-defined delirium diagnostic criteria, we identified the item that has the highest information content at a latent trait level that maximized the Youden’s J statistic with respect to DSM-5 delirium. The fourth example instrument is another long form that maximizes information, and includes the 10 items with the highest information only, without regard for content balancing across DSM domains.

Results
Description of the patient characteristics across each of the three studies is shown in Table 1. The Adamis and BASIL samples had comparable rates on participant sex and mean age over 80 years, while the Detroyer study, with a smaller sample size (n=48), had 38% women with a median age of 72 years. The Adamis sample had a high prevalence (63%) of patients with dementia. The prevalence of CAM-defined delirium across the studies ranged from 17%-25%. The Adamis sample, which provided the basis for the simulation study, had a 13% prevalence of delirium by DSM-5 criteria [21].

Figure 1 shows ROC curves for each of the six delirium identification instruments and for the latent trait, propensity to delirium, using DSM-5 criteria for delirium as the reference standard. The area under each curve (AUC) ranged from 0.89-0.94. The dot on each curve represents the published author-described cut-point for that instrument. The DOSS is the only instrument where the author described cut-point occurs at maximal Youden’s J statistic, which is considered optimal to simultaneously maximize sensitivity and specificity. All the other author described cut-points appeared to prioritize specificity over sensitivity. Table 2 shows for each instrument the cut-point nearest to 90% sensitivity, the cut-point nearest to 90% specificity, the cut-point that maximizes Youden’s J statistic, and the author-described cut-point. The table presents the sensitivity and specificity at each cut-point, and the level on the latent trait for each cut-point. The latent trait is a continuous metric presumed to have a mean of 0 and standard deviation of 1. The latent trait level of 1 is the location on the metric that best describes case identification of delirium, since it yielded the cut-point that maximizes Youden’s J statistic, with sensitivity of 91% and specificity 83%.

In Table 3, each of the items across the four new example instruments is shown along with the source instrument of each item and the information of each item in descending order by information criteria. Example instruments 1 and 3 considered content validity, example instruments 2 and 4 did not. Example instruments 1 and 2 (short forms) would be more appropriate for use in a clinical setting where rapid assessment is needed. In situations where reliability or accuracy were the primary consideration, example instruments 3 and 4 would be favored. Example instruments 3 and 4 could be best used for research purposes, a single stage diagnostic assessment, or more in-depth clinical interviews. 

Table 4 shows sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) across each of the proposed example instruments. We show three cut-points for each instrument that could be used for different situations: screening, confirmation of diagnosis, and balanced high accuracy. The screening cut-point sought to maximize sensitivity (nearest to 90%), while the confirmation of diagnosis cut-point maximized specificity (nearest to 90%), and the level of the latent trait that maximizes Youden’s J statistic, with DSM-5 diagnostic criteria as the reference standard. Notably, the cut-point that optimized sensitivity and Youden’s J statistic was the same across each of the example instruments. Each cut-point generally demonstrated a high NPV and low PPV. Figure 2 shows ROC curves for each of the example instruments and for the latent trait, propensity to delirium. The area under each curve (AUC) ranged from 0.91-0.92.

Discussion
This study provides a demonstration of the applications of an item bank, the DEL-IB, developed using advanced psychometric methods. We used the DEL-IB to compare performance characteristics of the CAM, DOSS, DRS-R-98 and MDAS. We also used the DEL-IB to create four new example instruments. 

Development and use of an item bank are novel in the field of delirium. Item banks have been used in educational testing for decades, but only recently have been applied to measurement in healthcare. Item banks can serve many purposes beyond linking results from different tests. The important advance in the example instruments is that since they are all developed from the same item bank, they can all be related to each other, and thus, they will help to unify the measurement of delirium. Hence, these different applications of the item bank can be useful in research settings (i.e., comparing different studies) or clinical settings (i.e., customizing assessment to the clinical need, such as screening vs. diagnostic confirmation) [25-27]. The challenge of drawing meaningful comparisons across studies from different settings using different assessments can be largely ameliorated if a well-calibrated item bank is available [28]. As an example, the PROMIS (Patient-Reported Outcomes Measurement Information System) initiative [28] used an item bank to develop better measurement approaches for patient-reported outcomes, including short and long form instruments. 

The major innovation of this study is the generation of the item bank for delirium identification instruments. The DEL-IB includes four different instruments, with a total of six different scoring methods, and 50 delirium assessment items, which we have made freely available. Another strength is the use of DSM-5 delirium diagnostic criteria as the reference standard to evaluate the performance characteristics of each instrument. 

Several limitations deserve comment. First, the Adamis dataset had a delirium prevalence that was lower than the other two studies. This is important since our simulations were based on extrapolating the Adamis results. This limitation is magnified by the fact that only the Adamis study provides reference standard DSM diagnoses. We must acknowledge that any potential errors or idiosyncrasies of the diagnostic procedure from Adamis would propagate into our simulation results. Second, two datasets (Adamis and BASIL) used delirium instruments rated by trained research staff; whereas one dataset (Detroyer) used instruments rated by bedside nurses during clinical care, which we acknowledge may not be as accurate as research-based assessments. While the performance characteristics of the measures may have differed based on these approaches, we believe that combining data from different sources with different sampling strategies helps us better understand the strengths and limitations of different approaches to measurement. Third, the two example instruments that were created with only highest information considered may have been hindered by having too many items on a single domain of a construct (i.e., unbalanced content), resulting in problems with content validity [29, 30]. Finally, IRT discrimination parameters can be biased upwards when maximum likelihood estimation procedures are used [31], as in this study. This can happen when trying to apply an IRT model to a set of items that are logically dependent upon one another, such as Guttman scales. This can also happen when there is a relatively small sample size. This can be addressed in future studies with larger samples and using Bayesian approaches to constrain parameter estimates. 

The creation of the DEL-IB is novel within the field of delirium and has the potential to fundamentally advance the field. Based on our work, there is a case to be made that new cut-points may be appropriate on existing delirium identification instruments to aid in screening or diagnosing. Further investigation would be necessary to test the cut-points and new instruments in actual patient samples. Field testing could also include examination of concurrent validity against DSM-5-defined delirium diagnosis as the reference standard and predictive validity against clinical outcomes. Next steps would include expanding the DEL-IB by adding additional instruments from data sources with overlapping instruments. As more studies are completed with willingness to share data, we hope to continually improve our estimates and update the DEL-IB. Ultimately, the goal is to develop a unified approach to identify delirium and this work provides an important first step.
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Legend of Figures

Figure 1. ROC curves for each delirium identification instrument compared to DSM-5 criteria
The receiver operating characteristic (ROC) for each of the instruments and their different scorings, plus the latent trait (propensity to delirium) is shown. Each curve displays the instrument AUC. The large dot on each curve is the author described cut-point on each instrument (except for the latent trait curve where the dot is at the cut point that maximizes Youden’s J statistic). The CAM short form and long form each use the same diagnostic algorithm to identify delirium.

CAM=Confusion Assessment Method, DOSS=Delirium Observation Screening Scale, DRS-R-98=Delirium Rating Scale-Revised-98, MDAS=Memorial Delirium Assessment Scale; AUC=area under the curve

Figure 2. ROC curves for each example instrument compared to DSM-5 criteria
The receiver operating characteristic (ROC) for each of the example instruments, plus the latent trait (propensity to delirium) is shown. Each curve displays the instrument Area Under the Curve (AUC).
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