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Abstract

Background: This study examined phenomenological manifestations of delirium in advanced cancer patients by
examining the factor structure of the Delirium Rating Scale-Revised-98 (DRS-R-98) and profiles of delirium symptoms.

Methods: Ninety-three patients with advanced cancer admitted to inpatient palliative care units in South Korea were
examined by psychiatrists using the DRS-R-98 and the Confusion Assessment Method (CAM). The factor structure of
the DRS-R-98 was examined by exploratory structural equation modelling analysis (ESEM) and profiles of delirium were
examined by latent profile analysis (LPA).

Results: CAM-defined delirium was present in 66.6% (n=62) of patients. Results from the ESEM analysis
confirmed applicability of the core and noncore symptom factors of the DRS-R-98 to advanced cancer patients.
LPA identified three distinct profiles of delirium characterizing the overall severity of delirium and its core and
noncore symptoms. Class 1 (n =155, 59.1%) showed low levels of all delirium symptoms. Class 2 (n =17, 18.3%)
showed high levels of core symptoms only, whereas Class 3 (n =21, 22.6%) showed high levels of both core and
noncore symptoms except motor retardation.

Conclusions: Clinical care for delirium in advanced cancer patients may benefit from consideration of the core
and noncore symptom factor structure and the three distinct phenomenological profiles of delirium observed in
the present study.
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Background

Delirium in palliative care, especially in an inpatient
palliative care setting, is a more serious and prevalent
concern. A recent systematic review and meta-analysis
indicated that up to 74% of patients experience delirium
in inpatient palliative care units and its prevalence goes
up to 88% approaching death. Pooled prevalence estimates
indicated that one third of patients were diagnosed with
delirium at the time of admission to inpatient palliative
care [1]. This high prevalence reflects that patients in pal-
liative care settings are more frail, with poor performance
status [2]. It was suggested that delirium-induced disinhib-
ition may result in the overexpression and worsening of
physical and psychological symptoms [3]. It also affects
survival length [2], and it distresses the family members of
terminal cancer patients [4].

An examination of the phenomenology of delirium in
advanced cancer patients with a valid assessment tool is
the first step to relieve such a burden. To this end,
several assessment tools for delirium have been applied
in palliative care settings. The Confusion Assessment
Method [5] and the Memorial Delirium Assessment
Scale (MDAS) [6] are commonly used and serve as the
recommended assessment tools in palliative care [7, 8].
The Delirium Rating Scale-Revised-98 (DRS-R-98) [9],
which was developed based on theory and clinical experi-
ences [10], is another important assessment tool, and it is
considered to be the most detailed phenomenological tool
available, allowing both the diagnosis of delirium and
detailed assessments of the severity of its symptoms [11].

The applicability of the DRS-R-98 in palliative care
settings was partly demonstrated by its good overall
agreement with the MDAS [12]. Yet, as a previous
review indicated, there have been no validity examina-
tions for the DRS-R-98 in the palliative care setting [13],
and in particular, limited studies examining its construct
validity with advanced cancer patients.

On the other hand, the validity of the DRS-R-98 has
been examined in other patient populations and settings.
In particular, the factor structure of the DRS-R-98 has
been the subject of previous examinations with some
varying results regarding the number of factors, mostly
indicating either two [14, 15] or three factors [16, 17].
For instance, Franco et al. [14] identified the “Cognition,
and Psychosis/Agitation factors” in a study with 161 sur-
gical patients, and Jain et al. [15] proposed the cognitive,
and behavioral factors in their study with 86 referred
patients with delirium. On the other hand, Grover et al.
[16] and Matoo et al. [17], in their studies with patients
with confirmed diagnoses of delirium, proposed three
factors for the DRS-R-98: “global cognitive,” “sleep and
motor symptoms,” and the “thought and language” fac-
tors for the first; and “cognition”; “circadian & psychosis,
” and “higher order thinking” factors for the latter. A
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factor structure similar to that suggested by Matoo et al.
[17] was also observed in a study by Franco et al. [18].
Using a pooled international dataset of 592 patients, they
proposed that the core symptoms of delirium as assessed
by the DRS-R-98 is consisted of three core domains:
circadian, cognitive, and higher level thinking. All these
findings appear to be somewhat synthesized into the two
factor structure of the DRS-R-98, i.e., the core and non-
core symptom factors proposed by the latest examin-
ation with the data from 859 adult patients in a multisite
pooled international delirium database by Thurber et al.
[10]. Core symptoms such as disturbances in attention
and other cognitive functions represent common and
consistent features of delirium, whereas noncore symp-
toms represent less common and more variable features
of delirium such perceptual disturbances or lability of
affect [18].

In view of this, the present study aimed to examine
whether the core and noncore factors proposed by
Thurber et al. [10] is applicable to advanced cancer
patients in an attempt to explore the phenomenology of
delirium as observed in advanced cancer patients [15].
In so doing, the present study applied the exploratory
structural equation modeling (ESEM) method, which is
an integration of confirmatory factor analysis (CFA), ex-
ploratory factor analysis, and structural equation model-
ing [19]. It has been suggested that as clinical symptoms
tend to be correlated, the CFA requirement of the re-
striction of zero cross-loadings might be restrictive, lead-
ing to potentially biased estimates [19, 20]. When non-
zero cross-loadings are specified as zero as in the CFA,
it may lead to over-estimated factor correlations and
subsequent distorted structural relations. For this reason,
it was considered important to extend structural equa-
tion modeling to permit less restrictive measurement
models that can be used together with the CFA models,
which is ESEM [21]. ESEM is considered to be appropri-
ate in clinical studies in which traditional factor analyses
may not be appropriate [19].

In addition, the present study examined profiles of
delirium symptoms through latent profile analysis, a
person-centered approach that identifies homogenous
subgroups of individuals based on the pattern of the
means of observed variables, ie., individual delirium
symptoms as assessed by the DRS-R-98 in the present
study [22]. Understanding of subgroups of patients who
share similar patterns of delirium symptoms may allow
for a tailored approach to interventions in advanced
cancer patients with delirium.

Therefore, the present study examined phenomeno-
logical manifestations of delirium by examining the
factor structure of the DRS-R-98 and profiles of delir-
ium symptoms in advanced cancer patients receiving
palliative care.
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Methods

Participants and procedures

Patients were consecutively recruited from two inpatient
palliative care units in South Korea between August
2018 to July 2019. Attending psychiatrists in these 2
units assessed delirium symptoms of admitted patients
using the DRS-R-98 and the Confusion Assessment
Method (CAM) upon obtaining informed consent. A
total of 93 patients were assessed, of which 73 patients
were from the palliative care unit of a university hospital,
and 20 patients were from the palliative care unit in a
provincial medical center. This study was approved by
two Institutional Review Boards (IRB No. H-1809-105-
974, and IRB No. 2018-07-006).

Measures

The DRS-R-98 is a composed of 13 items assessing the
severity of delirium symptoms and 3 diagnostic items
(i.e., temporal onset, fluctuation of symptoms, and phys-
ical disorder) [9]. Severity items include the sleep-wake
cycle, perceptual disturbances, delusions, lability of
affect, language, thought process, motor agitation or
retardation, orientation, attention, and short- and long-
term memory, and visuospatial ability. Symptoms are
rated on a four-point scale (0—3) with a score range of 0
to 39. A severity scores of over 15 is considered to be a
case of delirium. The Cronbach’s alpha of the DRS-R-98
total and severity scale were 0.90 and 0.87, respectively,
and the interrater reliability (the intraclass coefficient)
ranged from 0.98 to 0.99 [9].

The CAM was also administered to define the diagnosis
of delirium. The CAM has 9 items, four of which are
diagnostic items (i.e., acute onset, inattention, disorganized
thinking, and altered level of consciousness) [5]. The inter-
rater reliability of the CAM (kappa) was between 0.81 to
1.0 [5].

Statistical analyses

The two-factor structure (i.e., core and noncore symp-
toms of delirium) of the DRS-R-98 was examined by the
ESEM, and model-fit indices were examined. The cri-
teria to evaluate the goodness-of-fit indices of the model
were the following: root mean square error of approxi-
mation (RMSEA) <.08, 90% confidence interval (CI) of
RMSEA; comparative fit index (CFI) =.95; Tucker-Lewis
Index (TLI)>.95; and standardized root mean square
residual (SRMR) < .08 [23].

Patterns of delirium symptoms were examined by latent
profile analysis (LPA) [22]. Thirteen severity symptoms of
the DRS-R-98 were used as indicators. To determine the
optimal number of latent classes, three information criter-
ion indices (i.e., Akaike Information Criterion, AIC; Bayes-
ian Information Criterion, BIC; and sample-size-adjusted
BIC, SA-BIC) were evaluated with smaller values of the all
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these indices indicating the better model fit [24]. The
classification accuracy was evaluated by the entropy with
the larger value indicating a better accuracy [25], and its
values above 0.80 were considered adequate [26]. Lastly,
the Lo-Mendell-Rubin likelihood ratio test (LMR) [27] and
bootstrap likelihood ratio test (BLRT) [24] were examined
to determine whether a k profile solution fits better than a
k-1 profile solution. A significant value p-value indicates
a fit improvement with the addition of the class [24].

Predictors of the latent class membership were exam-
ined using multinomial logistic regression analyses with
R3STEP method [28]. Statistical analyses were performed
using the IBM SPSS statistical package (version 25.0) and
the Mplus software (version 8.3).

Potential differences between the classes in the total
and severity scores of the DRS-R-98, and the core and
noncore symptoms was examined by the analysis of
variance (ANOVA).

Results

Participant characteristics and symptoms of delirium

A total of 93 patients with advanced cancer receiving
palliative were examined, and their sociodemographic
characteristics are shown in supplementary Table 1. The
majority of patients were male (52, 57.1%) and married
(65, 73.9%). Delirium as diagnosed by the CAM criteria
was present in 66.6% (n=62). The delirium and non-
delirium groups significantly differed in terms of age
(72.9 versus 66.6; t=2.28, p<.05) and hospitalization
period (9 days versus 2.5 days; ¢ = 3.15, p <.01).

Means and frequency of individual delirium symp-
toms, the means of the DRS-R-98 total, and severity
scores of the patients are shown in Table 1. The total
and severity scores were higher in the delirium group
than in the non-delirium group (22.343 vs 5.23 for total
scores, t=1342, p<.001; 17.46 vs 2.65 for severity
scores, t = 12.20, p <.001).

Factor structure of the DRS-R-98

Examination of the two factor structure (i.e., core and
noncore symptoms of delirium) applied to ESEM yielded
an adequate fit for the model (X2(73) =134.8, p<.001;
RMSEA = .095 [.070-.120]; CFI=.951; TLI=.930; and
SRMR = .037). Two diagnostic items (i.e., temporal onset
and fluctuation of symptoms), and the core symptoms
(i.e., sleep wake cycle, language, thought process, motor
retardation, orientation, attention, short-term and long-
term memory, and visuospatial ability) were loaded on
the factor 1, and the noncore symptoms (i.e., perceptual
disturbances, delusions, lability of affect, and motor
agitation) were loaded on the factor 2 (Table 2). The
correlation between factors 1 and 2 was .44.
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Table 1 DRS-R-98 items means and frequencies (N = 93)
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Total (N=93) Delirium (n=62) No Delirium (n=31)
DRS-R-98-item Score>1, Mean score score>1, Mean score score>1, Mean score
% (SD) % (SD) % (SD)

1. Sleep-wake cycle 785 1.56 (1.08) 935 2.06 (88) 484 55 (62)

2. Perceptual disturbances 40.2 79 (1.14) 60.7 120 (1.22) 0.0 00 (.00)

3. Delusions 22.8 36 (74) 344 .54 (.85) 0.0 .00 (.00)

4. Lability of affect 355 57 (88) 50.0 79 (93) 6.5 13 (56)

5. Language 495 86 (1.06) 742 1.29 (1.06) 0.0 .00 (.00)

6. Thought process 62.4 1.04 (1.02) 88.7 1.48 (90) 9.7 16 (58)

7. Motor agitation 473 87 (1.12) 62.9 123 (1.19) 16.1 16 (37)

8. Motor retardation 409 .73 (1.05) 484 97 (1.19) 258 26 (44)

9. Orientation 64.1 1.33(1.23) 88.5 1.89 (1.08) 16.1 23 (62)

10. Attention 796 145 (1.08) 100.0 1.98 (.88) 387 .39 (50)

11. Short-term memory aws 1.27 (1.07) 90.2 1.70 (97) 355 42 (67)

12. Long-term memory 435 70 (92) 574 93 (.96) 16.1 23 (62)

13. Visuospatial ability 543 1.02 (1.16) 78.7 148 (1.12) 6.5 13 (56)

14. Temporal onset 81.7 1.46 (.80) 100.0 1.94 (31) 452 52 (63)

15. Fluctuation of symptom 68.8 71 (50) 100.0 1.03 (.18) 6.5 06 (.25)

16. Physical disorder 100.0 2.00 (.00) 100.0 2.00 (.00) 100.0 2.00 (.00)
DRS-R-98 Severity score 1247 (9.99) 17.46 (845) 265 (3.06)
DRS-R-98 Total score 16.63 (10.93) 2243 (853) 523374

Note. ™ p < .001

Table 2 Factor loading matrix of the ESEM model of DRS-R-98

(N=93)

DRS-R-98-item Factor 1 Factor 2
1. Sleep-wake cycle 69" 29™
2. Perceptual disturbances 18* 64
3. Delusions 19% 50"
4. Lability of affect -03 75"
5. Language 87" -08
6. Thought process 70" 24
7. Motor agitation 7% 69"
8. Motor retardation 69" -35"
9. Orientation 90™" 09

10. Attention 70" 31
11. Short-term memory 1.00™ 20"
12. Long-term memory 95" -35"
13. Visuospatial ability 91™ -08
14. Temporal onset of symptom 59" 21"
15. Fluctuation of symptom 50" 33

Note. Factor loading of > .40 are bolded;
*p <.05, ** p <.01, *** p <.001

Profiles of delirium symptoms

Results of the latent profile analysis indicated that the
models converged up to three classes (Table 3). The
three-class solution was deemed to be the best based on
an overall examination of model fit indices. Three
profiles of delirium symptoms are depicted in Fig. 1 and
supplementary Table 2. The classes were characterized
by the overall severity of delirium as well as severity of
the core and noncore symptoms. Class 1 (n =55, 59.1%)
was characterized by low levels of all delirium symp-
toms. Class 2 (n=17, 18.3%) was characterized by its
high levels of core delirium symptoms only, whereas
Class 3 (n=21, 22.6%) showed high levels of both core
and noncore symptoms except the motor retardation.
The ANOVA results indicated that Classes 2 and 3
significantly differed only in the level of noncore symp-
toms, F=108.41, p<.001, M =15 (SD=1.8) vs 7.6 (SD =
2.3), respectively, but not in core symptoms or total and

Table 3 Fit indices for latent profile analysis models

Model AIC BIC SABIC  LMRLRT (p) BLRT (p) Entropy
T-class 353236 359820 3516.13

2-class 282782 2929.12 280285 .000 .000 1

3-class 263272 276948 2599.01 258 .000 992

Notes. AIC Akaike information criteria, BIC Bayesian information criteria, SABIC
Sample-size adjusted BIC, LMRLRT Lo, Mendell, & Rubin (2001) test, BLRT
Bootstrapped log-likelihood ratio test
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severity scores (Fig. 2). The percentage of patients with
CAM defined delirium was 45.5% (25/55), 94.1% (16/17),
and 100% (21/21) for Classes 1, 2 and 3, respectively.

The results of multinomial logistic regression analysis
indicated that only the length of hospitalization signifi-
cantly predicted the class membership (Table 4).
Patients with a longer hospitalizations were more likely
to be in Class 2 than in Class 3 (OR =1.127; p <.05), or
more likely to be in Class 2 than in Class 1 (OR =.957;
p <.05).

Discussion

Summary of findings

The present study examined phenomenological manifes-
tations of delirium symptoms in 93 advanced cancer
patient from two inpatient palliative care units in South
Korea. Specifically, the core and noncore symptom
factor structure of the DRS-R-98 suggested by Thurber

et al. [10] was examined. Moreover, patterns of delirium
symptoms were examined by latent profile analysis.

The results of the ESEM supported the two previously
observed separate but correlated factors of delirium, i.e.,
the core and noncore symptoms of delirium [10]. A
single factor comprised of core symptoms concurs with
the previous EFA results including only core symptoms
which were the circadian, higher level thinking, and
cognitive symptoms [18].

Consistent with the loading pattern previously ob-
served, two diagnostic items and core symptoms were
loaded on factor 1 whereas noncore symptoms were
loaded on factor 2 [10]. Regarding the loading of the
motor agitation on the noncore symptoms, Thurber
et al. [10] suggested that while a motor agitation (i.e.,
hyperactivity) is a component of circadian rhythm, it
may also be affected by similar neurophysiological mech-
anisms (e.g., excess of dopaminergic activity) behind
noncore symptoms.
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Table 4 Predictors of the class membership
Class 1 vs. Class 2° Class 1 vs. Class 3% Class 2 vs. Class 3%

Predictors Coef. SE OR Coef. SE OR Coef. SE OR
Age 013 033 1.013 -029 031 972 —041 043 960
Sex —475 657 622 -032 758 968 443 931 1.557
Education 949 1.089 2.583 —442 518 643 -1.391 1.250 249
Marital status .106 687 111 478 770 1613 373 931 1452
Religion 384 742 1467 —-1.065 616 345 —1.448 915 235
Hospitalization period (days) —044" 019 957 075 057 1078 1207 056 1127

Notes. *Reference group; Class 1: low on all symptoms; Class 2: high only on core symptoms; Class 3: high on all symptoms; Coef. the estimate (B) from the R3STEP
multinomial logistic regression; SE Standard error of the coefficient, OR Odds ratio; Analyses were conducted with the data from 86 patients due to

listwise deletion
*p<.05

Yet, the magnitude of loadings of specific symptoms in
the core symptom factors slightly differed, and memory
deficits (i.e., short- and long-term) had high loadings in
contrast to the previous findings indicating the highest
loading of attention on the core symptoms [10]. Memory
deficits are quite common in the phenomenology of
delirium with the rates of 88-96% [29]. In fact, the
occurrence of short- and long-term memory deficits (88
and 89%, respectively) was the second highest after those
of attention and sleep wake cycle disturbances, both of
which were 97% in severity according to a previous as-
sessment of 100 delirium cases [30]. Short-term memory
impairment was also prevalent as a moderate to severe
degree of impairment was observed in 90% of cancer
patients with delirium [31]. Attention deficit, an essential
diagnostic criterion, was a prominent symptom in Classes
2 and 3, in which almost all patients had the delirium,
confirming that it is a cardinal feature of delirium.

Apart from sleep-wake cycle disturbances, the non-
core symptom factors in the present study concurs
with the “sleep and motor symptom” factor in the
previous finding with 151 delirium patients [16] and
the “behavioral” factor proposed in a study with 86
referred patients [15].

The core and noncore symptom factors seemed to be
reflected in the LPA results. Latent profile analysis with
individual symptoms from the DRS-R-98 identified the
three distinct classes. These classes were characterized
by the overall severity of delirium as well as the severity
of the core and noncore symptoms. Class 1 showed low
levels of all delirium symptoms. Class 2 showed high
levels of core delirium symptoms but not noncore symp-
toms, whereas the Class 3 showed high levels of both
core and noncore symptoms except motor retardation.
The ANOVA results confirmed that Classes 2 and 3
significantly differed only in their levels of noncore
symptoms. With regard to motor symptoms, Classes 2
and 3 showed opposite patterns. While motor retard-
ation was at its peak in Class 2, motor agitation peaked

in Class 3. It may be that these classes reflect hypoactive
and hyperactive or mixed subtypes of delirium.

The length of hospitalization was a significant pre-
dictor of the class membership, and a longer length of
stay was generally associated with the classes having a
greater severity of delirium.

Clinical implications

The DRS-R-98 is known to be developed based on clin-
ical presentations of symptoms in patients with delirium
which are not sufficiently reflected in the DSM-IV diag-
nostic criteria [10]. The current examinations supported
previously observed and distinct presentations of the
core and noncore symptoms of delirium [10]. Along
with the overall severity of delirium, the severity of core
and noncore symptoms characterized three latent
profiles of delirium, which suggest that it may be helpful
to examine not only the total scores but also patterns of
core and noncore symptoms.

Adequate assessment and subsequent treatment of
core symptoms are important as the core symptoms in
orientation, short- and long-term memory, attention,
and thought processes prominently characterized per-
sistent delirium in a longitudinal examination of patients
with delirium admitted to a palliative care unit [32].
Similarly, the severity of long-term memory during the
delirium episode was associated with a longer duration
of delirium in a previous longitudinal examination [33].

The evaluation of noncore symptoms serves its purpose
in the clinical management of delirium. For instance, non-
core symptoms such as perceptual disturbances, lability of
affect, and motor agitation were among the symptoms
that distinguished both delirium and prodromal delirium
from non-delirium in a study of 161 surgical patients [14].
Moreover, the noncore symptoms from the DRS-R-98
differed between patients with a mixed subtype and those
with a hypoactive subtype in a study with 321 referred
patients to a consultation-liaison psychiatric consultation
[34], and in particular, the occurrence and severity of
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perceptual disturbances and delusions differed between
the hyperactive and hypoactive subtypes of delirium in a
study with 100 cancer patients [35]. Hypoactive and mixed
subtypes of delirium are known to be common in pallia-
tive care patients, and one review indicated that hypoac-
tive delirium is the most prevalent subtype of delirium in
palliative care [36]. As the hypoactive type is associated
with persistent delirium [37], and increased mortality [38],
its prompt recognition is important. Still, the misdiagnosis
of the hypoactive subtype of delirium as depression or
fatigue often occurs in palliative care patients at the ter-
minal stage [7]. These findings suggest that assessment of
noncore symptoms may be useful for the early detection
of full delirium as well as correct diagnosis of delirium.

Taken together, the current findings suggest the need
for tailored management of delirium with advanced
cancer patients in the palliative care settings, considering
differences in the phenomenological manifestations of
delirium.

Limitations

This study has several limitations. A relatively small
sample size may have affected the statistical power of
analyses such as ESEM and LPA, as well as the
generalizability of the findings. Moreover, although a
previous study suggests that the phenomenology of the
DRS-R-98 was not different with or without comorbid
cognitive impairment in patients with delirium [30], in-
formation about comorbidities such as dementia, depres-
sion, and other psychiatric or physical conditions, which
may have affected phenomenological manifestations of
delirium, were unavailable in this study. Moreover, in
the absence of information, clinical characteristics (e.g.,
cancer stage and performance status) associated with
class membership as well as the potential impact of
identified profiles of delirium on outcomes such as
mortality or patient reported outcomes could not be
examined. Furthermore, this study did not examine
different subtypes of delirium, which may have helped to
better understand the classes identified in this study.

Conclusions
Nonetheless, the present study attempted the phenom-
enological examination of delirium as experienced in
advanced cancer patients, applying analytic methods
such as the exploratory structural equation modelling,
which may be more suitable for studying clinical condi-
tions such as delirium, and latent profile analysis, a
person-centered analytical approach which allowed the
identification of three subgroups of patients based on
their patterns of individual delirium symptoms.

Clinical care for the highly distressing condition of
delirium prevalent in advanced cancer patients may
benefit from the consideration of the core and noncore
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symptom factor structure and the three distinct phenom-
enological profiles of delirium observed in the present
study.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512904-020-00668-0.

Additional file 1: TableS1. Participant characteristics (N = 93). Table
S2. Delirium symptom levels in latent profiles

Abbreviations

AIC: Akaike Information Criterion,; BIC: Bayesian Information Criterion;

BLRT: Bootstrap likelihood ratio test; CAM: Confusion assessment method;
CFA: Confirmatory factor analysis; CFl: Comparative fit index; Cl: Confidence
interval; DRS-R-98: Delirium Rating Scale-Revised-98; EFA: Exploratory factor
analysis; ESEM: Exploratory structural equation modeling; LMR: The Lo-
Mendell-Rubin likelihood ratio; LPA: Latent profile analysis; RMSEA: Root
mean square error of approximation; SA-BIC: S sample-size-adjusted BIC;
SRMR: Standardized root mean square residual; TLI: Tucker-Lewis Index

Acknowledgements
None.

Authors’ contributions

Conception and design: EJS and BJH; Administrative support: CWY, KLS;
Provision of study materials or patients: WHK, KML, KLS, CWY, MHL, and PJ;
Collection and assembly of data: WHK, KML, KLS, CWY, MHL and PJ; Data
analysis and interpretation: EJS, HH, BJH; Manuscript writing: EJS; Final
approval of manuscript: All authors.

Funding

This study was supported by the National Research and Development
program for Cancer Control (HA17C0050), administered by the Ministry of
Health & Welfare, Republic of Korea. The funding body had no role in the
design of the study, the collection, analysis, and interpretation of data and in
writing the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

This study was approved by two Institutional Review Boards (Seoul National
University Hospital Institutional Review Board No. H-1809-105-974, and Inha
University Hospital Institutional Review Board No. 2018-07-006). All
participants provided written informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Psychology, Pusan National University, Busan, Republic of
Korea. *Department of Psychiatry, Inha University Hospital, Incheon, Republic
of Korea. *Department of Hematology-Oncology, Inha University Hospital,
Incheon, Republic of Korea. “Mind Lab The Place, Seoul, Republic of Korea.
°Department of Psychiatry, Dongguk University Ilsan Hospital, Goyang,
Republic of Korea. ®Department of Psychiatry, National Rehabilitation Center,
Seoul, Republic of Korea. 'Department of Neuropsychiatry, Seoul National
University Hospital, Seoul, Republic of Korea. ®Department of Psychiatry and
Behavioral Sciences, Seould National University College of Medicine, Seoul,
Republic of Korea.


https://doi.org/10.1186/s12904-020-00668-0
https://doi.org/10.1186/s12904-020-00668-0

Shim et al. BMC Palliative Care

(2020) 19:162

Received: 1 July 2020 Accepted: 7 October 2020
Published online: 19 October 2020

References

1.

20.

22.

Watt CL, Momoli F, Ansari MT, Sikora L, Bush SH, Hosie A, et al. The
incidence and prevalence of delirium across palliative care settings: a
systematic review. Palliat Med. 2019;33(8):865-77.

de la Cruz M, Ransing V, Yennu S, Wu J, Liu D, Reddy A, et al. The
frequency, characteristics, and outcomes among cancer patients with
delirium admitted to an acute palliative care unit. Oncologist. 2015;20(12):
1425-31.

de la Cruz M, Yennu S, Liu D, Wu J, Reddy A, Bruera E. Increased symptom
expression among patients with delirium admitted to an acute palliative
care unit. J Palliat Med. 2017;20(6):638-41.

Morita T, Hirai K, Sakaguchi Y, Tsuneto S, Shima Y. Family-perceived distress
from delirium-related symptoms of terminally ill cancer patients.
Psychosomatics. 2004;45(2):107-13.

Inouye SK, van Dyck CH, Alessi CA, Balkin S, Siegal AP, Horwitz RI. Clarifying
confusion: the confusion assessment method: a new method for detection
of delirium. Ann Intern Med. 1990;113(12):941-8.

Breitbart W, Rosenfeld B, Roth A, Smith MJ, Cohen K, Passik S. The memorial
delirium assessment scale. J Pain Symptom Manage. 1997;13(3):128-37.
Bush SH, Tierney S, Lawlor PG. Clinical assessment and Management of
Delirium in the palliative care setting. Drugs. 2017;77(15):1623-43.

Smith J, Adcock L. The recognition of delirium in hospice inpatient units.
Palliat Med. 2012,26(3):283-5.

Trzepacz PT, Mittal D, Torres R, Kanary K, Norton J, Jimerson N. Validation of
the delirium rating scale-revised-98: comparison with the delirium rating
scale and the cognitive test for delirium. J Neuropsychiatry Clin Neurosci.
2001;13(2):229-42.

Thurber S, Kishi Y, Trzepacz PT, Franco JG, Meagher DJ, Lee V, et al.
Confirmatory factor analysis of the delirium rating scale revised-98 (DRS-
R98). J Neuropsychiatry Clin Neurosci. 201527(2):e122-€7.

Leonard MM, Nekolaichuk C, Meagher DJ, Barnes C, Gaudreau JD, Watanabe
S, et al. Practical assessment of delirium in palliative care. J Pain Symptom
Manage. 2014;48(2):176-90.

O'Sullivan R, Meagher D, Leonard M, Watne LO, Hall RJ, Maclullich AM, et al.
A comparison of the revised delirium rating scale (DRS-R98) and the
memorial delirium assessment scale (MDAS) in a palliative care cohort with
DSM-IV delirium. Palliat Support Care. 2015;13(4):937-44.

Hosker CM, Bennett MI. Delirium and agitation at the end of life. BMJ. 2016;
353:i3085.

Franco JG, Trzepacz PT, Mejia MA, Ochoa SB. Factor analysis of the
Colombian translation of the delirium rating scale (DRS), revised-98.
Psychosomatics. 2009;50(3):255-62.

Jain G, Chakrabarti S, Kulhara P. Symptoms of delirium: an exploratory factor
analytic study among referred patients. Gen Hosp Psychiatry. 2011,33(4):
377-85.

Grover S, Chakrabarti S, Shah R, Kumar V. A factor analytic study of the
delirium rating scale-Revised-98 in untreated patients with delirium. J
Psychosom Res. 2011;70(5):473-8.

Mattoo SK, Grover S, Chakravarty K, Trzepacz PT, Meagher DJ, Gupta N.
Symptom profile and etiology of delirium in a referral population in
northern India: factor analysis of the DRS-R98. J Neuropsychiatry Clin
Neurosci. 2012;24(1):95-101.

Franco JG, Trzepacz PT, Meagher DJ, Kean J, Lee Y, Kim J-L, et al. Three core
domains of delirium validated using exploratory and confirmatory factor
analyses. Psychosomatics. 2013;54(3):227-38.

Marsh HW, Morin AJ, Parker PD, Kaur G. Exploratory structural equation
modeling: an integration of the best features of exploratory and
confirmatory factor analysis. Annu Rev Clin Psychol. 2014;10:85-110.

Marsh HW, Muthén B, Asparouhov T, Lidtke O, Robitzsch A, Morin AJ, et al.
Exploratory structural equation modeling, integrating CFA and EFA:
application to students' evaluations of university teaching. Struct Equ Model
Multidiscip J. 2009;16(3):439-76.

Asparouhov T, Muthén B. Exploratory structural equation modeling. Struct
Equ Model Multidiscip J. 2009;16(3):397-438.

Berlin KS, Williams NA, Parra GR. An introduction to latent variable mixture
modeling (part 1): overview and cross-sectional latent class and latent
profile analyses. J Pediatr Psychol. 2014;39(2):174-87.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

Page 8 of 8

Schreiber JB, Nora A, Stage FK, Barlow EA, King J. Reporting structural
equation modeling and confirmatory factor analysis results: a review. J Educ
Res. 2006;99(6):323-38.

Nylund KL, Asparouhov T, Muthén BO. Deciding on the number of classes
in latent class analysis and growth mixture modeling: a Monte Carlo
simulation study. Struct Equ Model Multidiscip J. 2007;14(4):535-69.

Clark SL, Muthén B. Relating latent class analysis results to variables not
included in the analysis; 2009.

Adamis D, Sharma N, Whelan PJ, Macdonald AJ. Delirium scales: a review of
current evidence. Aging Ment Health. 2010;14(5):543-55.

Lo Y, Mendell NR, Rubin DB. Testing the number of components in a
normal mixture. Biometrika. 2001;88(3):767-78.

Asparouhov T, Muthén B. Auxiliary variables in mixture modeling: three-step
approaches using M plus. Struct Equ Model Multidiscip J. 2014;21(3):329-41.
Gupta N, de Jonghe J, Schieveld J, Leonard M, Meagher D. Delirium
phenomenology: what can we learn from the symptoms of delirium? J
Psychosom Res. 2008,65(3):215-22.

Meagher DJ, Moran M, Raju B, Gibbons D, Donnelly S, Saunders J, et al.
Phenomenology of delirium: assessment of 100 adult cases using
standardised measures. Br J Psychiatry. 2007;190(2):135-41.

Bosisio M, Caraceni A, Grassi L, Group IDS. Phenomenology of delirium
in cancer patients, as described by the memorial delirium assessment
scale (MDAS) and the delirium rating scale (DRS). Psychosomatics. 2006;
47(6):471-8.

Meagher D, Adamis D, Trzepacz P, Leonard M. Features of subsyndromal
and persistent delirium. Br J Psychiatry. 2012,200(1):37-44.

Slor CJ, Witlox J, Adamis D, Meagher DJ, Ploeg T, Jansen RW, et al.
Predicting delirium duration in elderly hip-surgery patients: does early
symptom profile matter? Curr Gerontol Geriatr Res. 2013. p. 2013. https://
doi.org/10.1155/2013/962321.

Grover S, Sharma A, Aggarwal M, Mattoo SK, Chakrabarti S, Malhotra S, et al.
Comparison of symptoms of delirium across various motoric subtypes.
Psychiatry Clin Neurosci. 2014,68(4):283-91.

Boettger S, Breitbart W. Phenomenology of the subtypes of delirium:
phenomenological differences between hyperactive and hypoactive
delirium. Palliat Support Care. 2011;9(2):129-35.

Hosie A, Davidson PM, Agar M, Sanderson CR, Phillips J. Delirium
prevalence, incidence, and implications for screening in specialist palliative
care inpatient settings: a systematic review. Palliat Med. 2013;27(6):486-98.
Dasgupta M, Hillier LM. Factors associated with prolonged delirium: a
systematic review. Int Psychogeriatr. 2010;22(3):373-94.

Fang C-K, Chen H-W, Liu S-, Lin C-J, Tsai L-Y, Lai Y-L. Prevalence, detection
and treatment of delirium in terminal cancer inpatients: a prospective
survey. Jpn J Clin Oncol. 2008;38(1):56-63.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1155/2013/962321
https://doi.org/10.1155/2013/962321

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Participants and procedures
	Measures
	Statistical analyses

	Results
	Participant characteristics and symptoms of delirium
	Factor structure of the DRS-R-98
	Profiles of delirium symptoms

	Discussion
	Summary of findings
	Clinical implications
	Limitations

	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

