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Abstract

Background/Objectives—Delirium severity confers additional prognostic information beyond
diagnosis, and is useful for monitoring the course of delirium and its response to treatment. Our
objective was to derive and validate a method for scoring delirium severity using the 3D-CAM, a
recently validated, brief, structured diagnostic interview for Confusion Assessment Method
(CAM)-defined delirium, and to demonstrate its agreement with the CAM Severity (CAM-S) short
form (SF) measure as the reference standard.

Design—Derivation and validation analysis in a prospective cohort study.
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Setting—Two academic medical centers.

Participants—Patients age =70 undergoing major elective non-cardiac surgery enrolled in the
Successful Aging after Elective Surgery Study (566 patients).

Measurements—The sample was randomly divided into a derivation dataset (N=377) and an
independent validation dataset (N=189). These datasets were used to: 1) develop a severity scoring
method using the 3D-CAM based on the 4-item CAM-S SF (3D-CAM-S), and 2) evaluate
agreement between the 3D-CAM-S and the traditional CAM-S SF using weighted kappa statistics.

Results—A method for scoring severity using 3D-CAM items was developed that achieved high
agreement with the CAM-S SF in the derivation dataset: kappa=0.94 (95% confidence interval
[CI] 0.93-0.95). Importantly, the 3D-CAM-S achieved nearly identical agreement in the
independent validation dataset: kappa=0.93 (95% CI 0.92-0.95). Moreover, 100% of the 3D-
CAM-S scores were within one point of the CAM-S SF score in both datasets. The 3D-CAM-S
also strongly predicts clinical outcomes.

Conclusion—Our newly developed method for scoring delirium severity using the 3D-CAM
(the 3D-CAM-S) has excellent agreement with the CAM-S SF. This new methodology enables
clinicians and researchers using the 3D-CAM for surveillance to simultaneously measure delirium
severity and monitor its course by tracking changes over time. The 3D-CAM-S expands the utility
of the 3D-CAM as an important tool for delirium recognition and management.

Keywords
delirium; delirium severity; Confusion Assessment Method

INTRODUCTION

Delirium is a common, morbid, and costly geriatric syndrome associated with numerous
poor outcomes among older patients!2:3, To address this important problem, accurate
diagnosis is critical, and concurrent measurement of delirium severity confers additional
prognostic information beyond diagnosis, and allows clinicians to monitor the course of
delirium and its response to treatment?. From the research standpoint, delirium severity can
serve as an important predictor or outcome measure for clinical trials, prognosis studies, and
pathophysiologic investigations.

The Confusion Assessment Method (CAM)® has been widely used to diagnose delirium, and
a scoring system for delirium severity based on the CAM (the CAM-S) has been developed
and demonstrated to have predictive validity for important clinical outcomes6. The CAM
has gained widespread acceptance for identification of delirium. For optimal use, the CAM
should be rated based on formal cognitive testing; however, the exact test used has been left
to the discretion of the user. The most common tests currently utilized to score the CAM
include the Short Portable Mental Status Questionnaire’, the Mini-Cog®, and the Montréal
Cognitive Assessment (MoCA)°. None of these tests were designed specifically to
operationalize the CAM, and the cognitive test chosen may influence both the time required
and accuracy of CAM scoring. The CAM-S has two forms: long and short (LF and SF). The
CAM-S LF assesses the severity of 10 features, while the CAM-S SF considers only the four
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features in the CAM diagnostic algorithm®8. Both the CAM-S LF and SF have shown
evidence of validity for predicting important clinical outcomes. Due to its brevity, the CAM-
S SF may be preferred for clinical purposes.

The 3-Minute Diagnostic Interview for CAM-defined Delirium (3D-CAM) is a brief 20-item
(10 cognitive testing items, 10 interviewer observations) assessment based on the CAM
algorithm. It was derived from a 160-item structured delirium assessment using Item
Response Theory (IRT) and model selection techniques'?, as described previouslyl1:12, As
opposed to other cognitive screening tests, the 3D-CAM items were selected specifically to
operationalize the CAM algorithm. The 3D-CAM has been prospectively validated in a
cohort of 201 general medicine patients, achieving a sensitivity of 95% and a specificity of
94% relative to a clinical reference standard®. While accurate for diagnosis, there is
currently no method for measuring delirium severity using the 3D-CAM. Therefore, the
specific aims of the present study were: 1) to develop an objective method for scoring
delirium severity using the 3D-CAM based on the CAM-S SF, called the 3D-CAM-S, and 2)
to determine the agreement between the 3D-CAM-S and the CAM-S SF in an initial
derivation and independent validation dataset comprised of older adults undergoing major
elective surgery. The development of a delirium severity scoring algorithm for the previously
validated 3D-CAM!® will enable this brief 3 minute interview to also provide information
on the severity of delirium, which is currently only available using longer assessments,
including the CAM-S and the Memorial Delirium Assessment Scale (MDAS)13:14,

METHODS

Study population

The Successful Aging after Elective Surgery (SAGES) study is an ongoing prospective
cohort study of older adults undergoing major scheduled non-cardiac surgery. The study
design and methods have been described in detail previously®16. In brief, eligible
participants were age 70 years and older, English speaking, scheduled to undergo elective
surgery at two Harvard-affiliated academic medical centers and had an anticipated length of
stay of at least 3 days. Eligible surgical procedures were: total hip or knee replacement,
lumbar, cervical, or sacral laminectomy, lower extremity arterial bypass surgery, open
abdominal aortic aneurysm repair, and open or laparoscopic colectomy. Exclusion criteria
included evidence of dementia, delirium, hospitalization within 3 months of screening,
terminal condition, legal blindness, severe deafness, history of schizophrenia or psychosis,
and history of alcohol abuse or withdrawal. A total of 566 patients met all eligibility criteria
and were enrolled between June 18, 2010 and August 8, 2013.

Written informed consent for study participation was obtained from SAGES participants
using procedures approved by the institutional review boards of Beth Israel Deaconess
Medical Center and Brigham and Women’s Hospital, the two study hospitals, and Hebrew
SeniorLife, the study coordinating center, all located in Boston, Massachusetts.
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Delirium Assessments

Delirium assessments were conducted daily in the SAGES study from postoperative day 1
through discharge®® by a team of highly trained and standardized interviewers, who
underwent regular inter-rater reliability assessments. The CAM long form was completed
based on a standardized cognitive assessment, which included 10 orientation items, short-
term recall, digit span forwards and backwards, months of the year backwards, and days of
the week backwards. Delirium was scored as present/absent based on the CAM algorithm?,
which requires the presence of 1) acute or fluctuating course, 2) inattention, and either 3)
disorganized thinking or 4) altered level of consciousness. The CAM-S SF was created
based on severity rating of these 4 CAM diagnostic features®. Acute change or fluctuating
course was scored 0 points if absent or 1 if present. The remaining three CAM diagnostic
features were scored as 0 points for no symptoms, 1 point for mild symptoms, and 2 points
for marked symptoms. The CAM-S SF score represents a sum of points assigned for the four
features (range 0-7; 7=most severe). The 3D-CAM was not directly administered to SAGES
participants; however, all of its component items were contained within the SAGES delirium
assessments, which were used to simulate 3D-CAM assessments using this subset of items.

Derivation of the 3D-CAM-S scoring method

The SAGES sample of 566 patients was randomly divided into an initial derivation dataset
(377 patients, 1369 assessments), and a validation dataset (189 patients, 692 assessments).
Using the derivation dataset, we derived a scoring method for each of the 4 CAM diagnostic
features such that the 3D-CAM-S score aligned with the CAM-S SF score. For Feature 1
(Acute Change or Fluctuating Course), the 3D-CAM score mirrored that of the CAM-S: 0
(absent) or 1 (present). For Feature 2 (Inattention) and Feature 3 (Disorganized Thinking)
we used an empirical approach that incorporated both observational items and cognitive
testing results, as described below. For Feature 4 (Altered Level of Consciousness), we used
an 4 priori-based approach described below to assign 3D-CAM-S scores.

Feature 1—For Feature 1, the 3D-CAM contains 3 observational items and 3 direct patient
questions. The 3D-CAM-S score for Feature 1 mapped directly to the CAM SF score, such
that if any of these items were “positive”, Feature 1 would be present (1 point). If none of
the items were “positive”, Feature 1 would be absent (0 points) (see Figure 1 for details).

Features 2 and 3—For CAM features 2 and 3, we used classification trees to prioritize
and divide observational and cognitive testing items within the 3D-CAM to maximize
discrimination between a CAM-S SF rating of 0, 1 or 217. For Feature 2 (Inattention), the
3D-CAM contains 2 observational items and 4 cognitive testing items. If neither of the 2
observational items was present, then Feature 2 was scored 0. If 1 or more observational
items were present, Feature 2 was rated 1 (“mild”) if the patient answered 0 to 2 cognitive
items incorrectly, and rated 2 (“marked”) if the patient answered 3 or 4 cognitive items
incorrectly (Figure 1). For Feature 3 (Disorganized Thinking), the 3D-CAM contains 3
observational items and 3 cognitive testing items. If none of the observational items was
present, Feature 3 was scored 0. If 1 or more observational items were present, Feature 3
was rated 1 (“mild”) if the patient answered 0 or 1 cognitive item incorrectly and rated 2
(“marked”) if the patient answered 2 or 3 cognitive items incorrectly (Figure 1).
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Feature 4—For CAM Feature 1 (Altered Level of Consciousness), we used an 4 priori-
based approach to replicate the CAM-S score from the 3D-CAM items. 3D-CAM Feature 4
consists of only 2 observational items, the first assessing decreased states of arousal, and the
second assessing increased arousal. Question 1 of 3D-CAM Feature 4 was split into 2 parts:
patients received 1 point for being sleepy and 2 points for being stuporous or comatose. For
question 2 of the 3D-CAM Feature 4, patients received 1 point for hypervigilance. Patients
received 0 points if both 3D-CAM Feature 4 items were scored as normal.

Once the score for each feature was determined, the overall 3D-CAM-S score was computed
as the sum of the severity scores for each Feature, yielding a final score of 0-7, 7 most
severe. Using the same approach as had been used for the CAM-S®, we categorized the 3D-
CAM-S scores into none, mild, moderate, and severe categories based on the sample
distribution.

3D-CAM-S and CAM-S Agreement, Distributions

We determined agreement between the overall 3D-CAM-S and CAM-S SF scores using
weighted kappa statistics in both the derivation dataset and independent validation dataset.
To better understand 3D-CAM-S performance, we used the validation dataset to examine
agreement within each of the four CAM Features, and to determine reasons for
misclassification. We used scatter plots to examine the distribution of both 3D-CAM-S and
CAM-S SF scores relative to the presence or absence of delirium. Finally, we performed a
sensitivity analysis assessing the effect of clustering of delirium assessments within patients,
calculating a weighted average of patient-specific kappa statistics with weights given as 1/
(variance of the patient-specific kappa).

All analyses were performed using SAS version 9.3 (Cary, NC) and R v3.0.2 with the party
package v1.0-14 (Vienna, Austria).

3D-CAM-S Validation Using Clinical Outcomes

To examine the predictive validity of the 3D-CAM-S, we measured its association with three
short-term clinical outcomes: hospital length of stay (LOS), institutional discharge, and 30-
day hospital readmission (See Supplemental Materials for details).

RESULTS

Cohort characteristics and prevalence of delirium

The 566 enrolled patients yielded 2061 hospital delirium assessments with a median of 3

assessments per patient (range 1-14). On average, patients were age 76.7 (standard deviation
[SD] 5.2), 58% were female, and 93% were non-Hispanic white. The sample characteristics
were similar in the derivation and validation datasets (Supplementary Materials, Table S-1).

Agreement of 3D-CAM-S and CAM-S SF overall scores

In the derivation dataset, the 3D-CAM-S scores were equal to the CAM-SF scores for 94%
of the assessments with a weighted kappa of 0.94 (95% CI 0.93-0.95) (Supplementary
Materials, Table S-2). All but 1 assessment of the 3D-CAM-S scores (1368/1369 ~ 100%)
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were within one point of the CAM-S SF score. When overall scores were categorized as
none (0), mild (1), moderate (2) or severe (3-7), 97% were concordant (weighted kappa 0.97
[95% CI 0.96-0.98]).

In the independent validation dataset, the agreement between the 3D-CAM-S and CAM-S
overall scores was also very high; the 3D-CAM-S scores were equal to the CAM-S SF
scores for 93% of the assessments with a weighted kappa of 0.93 (95% CI 0.92-0.95) (Table
1). One hundred percent (692/692) of the 3D-CAM derived CAM-S scores were within one
point of the CAM-S SF scores. When the overall scores were categorized into none, mild,
moderate, and severe as described above, 96% were concordant (weighted kappa 0.96 [95%
Cl10.94-0.97]).

Agreement of 3D-CAM-S and CAM-S SF feature scores

The 3D-CAM-S Features 1 and 4 (Acute Change or Fluctuating Course and Altered Level of
Consciousness, respectively) mapped directly onto CAM-S SF, classifying 100% of the
severity ratings correctly. The 3D-CAM-S algorithm for Feature 2 (Inattention) correctly
classified 94% of the CAM-S severity ratings in the validation set (N=692) and the 2
measures had a weighted kappa of 0.89 (95% CI 0.86-0.92) indicating high agreement. The
3D-CAM-S algorithm for Feature 3 (Disorganized Thinking) correctly classified 99% of the
ratings with a weighted kappa of 0.90 (95% CI 0.85-0.95). For more details about
misclassifications of the 3D-CAM-S relative to the CAM-S SF, see Supplemental Materials.

3D-CAM-S and CAM-S SF distributions

Supplementary Materials Figure S-1 and Figure 2 demonstrate that the distributions of the
3D-CAM-S and CAM-S SF in the derivation and validation datasets (respectively) were very
similar. Both measures show excellent separation based on delirium status, with delirious
patients having higher scores (4-7), and non-delirious patients having lower scores (0-2).
Overall scores of 3 showed a mix of patients with and without delirium for both 3D-CAM-S
and CAM-S SF (those with an overall score of 3 without delirium likely had subsyndromal
delirium).

Effect of clustering assessments within patients

When we examined the effect of clustering of assessments within patients in the validation
dataset, this yielded a patient-specific kappa of 0.92 (95% CI: 0.87-0.96), which was very
similar to the weighted kappa reported above considering assessments independently.

3D-CAM-S and clinical outcomes

The 3D-CAM-S was significantly associated with hospital LOS, institutional discharge, and
30 day readmission, with an increasing trend in prevalence for each outcome with increasing
delirium severity (see Supplemental Materials for detailed results).

DISCUSSION

We report development of a new, simple method for scoring delirium severity using the 3D-
CAMI0, the 3D-CAM-S. We observed a very high agreement between the 3D-CAM-S and
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previously validated CAM-S SF, both in the sample used to derive the method and in an
independent validation dataset. This new method enhances the 3D-CAM, a standardized, 3-
minute interview for CAM-defined delirium, by providing a severity measure in addition to
the previously validated determination of delirium presence or absence. The value of the
current paper is demonstrating that delirium severity can be validly measured after a brief,
structured 3-minute interview (the 3D-CAM). This will enable clinicians and researchers to
use the 3D-CAM both for delirium identification and to monitor delirium severity status
over time, such as for assessing response to treatment.

The CAM and CAM-S provide both delirium diagnosis and measure severity, and the 3D-
CAM and 3D-CAM-S now also provide this advantage. Other instruments that provide
information for both delirium diagnosis and severity measurement require substantial
completion time (e.g., Delirium Rating Scale [DRS]!8:19, Delirium Symptom Interview
[DSI]129), require a clinician rater (e.g., DRS), and/or use a cutpoint for delirium diagnosis
from a continuously scored severity measure, which results in both false positives and false
negatives (e.g., DRS! and MDAS4). The 3D-CAM/3D-CAM-S severity score takes an
average of 3 minutes to administer!?, can be reliably conducted by non-clinically trained
research assistants in addition to non-expert clinicians, and uses a CAM-based diagnostic
approach rather than a cutpoint, improving diagnostic specificity.

Our study had a number of strengths. First, we derived and validated the 3D-CAM-S scoring
method in a well-characterized older surgical population with rigorous delirium assessments
and few missing values. Second, similar to the 3D-CAM diagnostic instrument, the 3D-
CAMS-S is based on objective scoring and is relatively non-interviewer dependent, resulting
in greater accessibility to healthcare professionals and requiring less training. Third, we
were able to generate very high rates of agreement between the 3D-CAM-S and CAM-S SF
using our easily operationalized algorithm. Fourth, this paper operationalizes delirium
severity using the 3D-CAM, a brief 3 minute interview. Other delirium severity measures,
such as the MDAS and DRS-98, require a longer assessment. Several studies have
demonstrated that delirium severity confers additional prognostic information beyond
delirium diagnosis®2. Severity measures are also useful for monitoring the status of patients
with established delirium over time. In the Supplemental Materials, we show that the 3D-
CAM-S is also predictive of hospital LOS, institutional discharge, and 30-day readmission.
Fifth, if 3D-CAM assessments have been collected previously, the scoring algorithm
presented in our current study enables scoring of delirium severity retrospectively, which is
not possible using current instruments that require interviewer severity ratings. Finally, our
use of a split sample approach showing that an independent validation dataset yielded
similar results to the initial derivation dataset underscores the robustness of our findings.

We also note some study limitations. First, the restricted enrollment based on age =70,
absence of dementia, and patients undergoing scheduled major elective surgery could
potentially limit the generalizability of our findings. The 3D-CAM-S will require additional
validation in medical patients and in patients with dementia. Second, repeated assessments
from the same patients were considered independent. However, sensitivity analyses that
accounted for clustering within patients indicated nearly identical results. Third, we used a
split sample approach for independent validation, examining 3D-CAM-S in a cohort
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separate from the one in which it was derived. However, we acknowledge that it would
strengthen this work to validate our methods in an entirely different cohort, which will be
done in future work. Fourth, in this study we used the CAM-S to validate the 3D-CAM-S. In
future studies, the 3D-CAM-S should be examined against other severity measures, such as
the MDAS or DRS-98. Finally, the 3D-CAM was derived from a subset of items
administered as part of the SAGES CAM-based delirium assessment. Future studies in
which the 3D-CAM is administered independently will be beneficial in confirming our
results.

In conclusion, the new 3D-CAM-S delirium severity score provides a new dimension to the
3D-CAM assessment with minimal additional effort. The 3D-CAM-S score is derived from
objective measures within the 3D-CAM and is highly correlated with the CAM-S SF score.
The ability to generate a delirium severity score from the brief 3D-CAM may prove useful in
clinical and research settings, and may be incorporated into studies aimed to refine delirium
prognosis, improve delirium treatment, and improve outcomes of older patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Feature 1 Feature2 Feature 3 Featured
Acute Change / ing Course { ized Thinking Altered Level of C
2 2 2 Any Present?
Self report confusion Trouble keeping track of interview Flow of ideas unclear/illogical Sleepy
Self report disori Inappropriately distracted Conversation rambling, verbose or off-target Hypervigilant
Self report hallucinations Conversation limited, sparse, slow or halting Stupor
Fluctuating speech/thinking Coma

Fluctuating consciousness

Fluctuating attention T Yes No ‘ Ves
Digit span 3 backwards Orientation to year
Digit span 4 backwards Orientation to day of the week
Days of the week backwards (Orientation to type of place: hospital
No Yes Months of the year backwards No Sieepyor
hypervigilant
Absent Present None Mild Severe None Mild Severe None Mild
0 points. 1 points 0 points 1 point 2 points 0 points 1 point 2 points 0 points 1 point
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Figure 1. Scoring procedure for creating a severity score from the 3D-CAM based on the CAM-S

SF

Abbreviations: 3D-CAM=3-Minute Diagnostic Interview for CAM-defined Delirium;
CAM-S SF=Confusion Assessment Method-Severity Short Form
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3D-CAM-S CAM-S SF

MNo Delirium Delirium MNo Delirium Delirium

Figure 2. Distribution of the 3D-CAM derived CAM-S (the 3D-CAM-S) and CAM-S short form
(SF) delirium severity scores in the validation dataset

(N=692 assessments, 43 with delirium)

Abbreviations: 3D-CAM=3-Minute Diagnostic Interview of CAM-defined Delirium;
CAM-S = Confusion Assessment Method-Severity

Boxplots show the median, 25th and 75th percentiles. Whiskers extend to the highest value
within 1.5 times the interquartile range. Note that in all of these, the lower whisker overlaps
with the 25th percentile, and the median overlaps with the 25th or 75th percentiles.

JAm Geriatr Soc. Author manuscript; available in PMC 2017 August 01.



Page 12

Vasunilashorn et al.

A11I3ASS-POYIBIA JUBLISSASSY UOISNJUOD = S-INYD ‘WNLIRA PAULBP-INYD SO MaIAISIU] dnsouBelq aINUIA-E=INVD-AE :SUOIIRIAIqAY

“(96°0-28°0 :1D %S6) 26°0 =|2A9] uaired ayy Je Buliglsn|o 1oy Bununodde ‘8100s AlLIaNeS [aAs]-g 104 eddey paybiapn

(£6°0-6°0 10 %G6°0) 96°0 = 21098 AJ1I9ASS [9A3]-1 404 eddex pajybiam
(56°0-26°0 ‘10 %G6°0) £6°0 = 1098 A)1IdABS [9A3]-g 404 eddey paiybiam

269 [ofofs]|s6]ar LL 9T | eov [e30L

0o [ofo]o]ofo 0 0 0 L

¢ |oJo]elo]o 0 0 0 9

e |ofofo]el| o 0 0 0 S EIEIETS

8T |o]o|zc]|9]ot 0 0 0 v

st |ojoflo]o]rte v 0 0 €

vs [ofo]ofo]f T 18 z 0 4 aJeIopoN
99T [ofofo]o]f o 4) ST 0 1 PIIA
eor [ofofofo]f o 0 0 €0 0 auoN
oL | 2]9]s|v] e 4 T 0 | w_uoww s

EYEVEIS ayesapoN | PN | BuoN S-NVD
81005 S-NVO-AE
(syuawissasse

Z69=N) 195E1EP UOIEPI[eA 3Uj) Ul SJUSWSSISSE 10} $31095 WLI0) 1I0US S-NWD 81 01 paredwiod (S-INYD-AE 9Ul) S-INVD PALISP INVD-AE

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript Author Manuscript

JAm Geriatr Soc. Author manuscript; available in PMC 2017 August 01.



	Abstract
	INTRODUCTION
	METHODS
	Study population
	Delirium Assessments
	Derivation of the 3D-CAM-S scoring method
	Feature 1
	Features 2 and 3
	Feature 4

	3D-CAM-S and CAM-S Agreement, Distributions
	3D-CAM-S Validation Using Clinical Outcomes

	RESULTS
	Cohort characteristics and prevalence of delirium
	Agreement of 3D-CAM-S and CAM-S SF overall scores
	Agreement of 3D-CAM-S and CAM-S SF feature scores
	3D-CAM-S and CAM-S SF distributions
	Effect of clustering assessments within patients
	3D-CAM-S and clinical outcomes

	DISCUSSION
	References
	Figure 1
	Figure 2
	Table 1

