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Abstract

Delirium is an acute disturbance in attention and awareness in response to one or more

physiological stressors that is closely related to poor clinical outcomes. The aim of this study

is to investigate whether delirium patients with psychotic symptoms (PS) would have unique

clinical characteristics and outcomes. A retrospective chart review was performed on the

patients with delirium due to general medical conditions to assess clinical characteristics

and outcomes. All patients were assessed by Delirium Rating Scale-revised-98 and classi-

fied as having PS when scored two or more on at least one of the psychotic symptom items

(perceptual disturbances, delusions, and thought process abnormalities). Of 233 patients

with delirium, 116 (49.8%) manifested PS. Patients with PS were younger, more likely to

use antipsychotics to manage delirium, and had more hyperactive motor subtype than

patients without PS. Logistic regression analysis showed that odds ratio of psychotic symp-

toms for having in-hospital mortality was 0.27 (95% CI = 0.08–0.94) after controlling age,

sex, disease severity, comorbidity, number of medications, etiologies, motor subtypes, delir-

ium severity and use of antipsychotics. The present study demonstrated that PS of delirium

was associated with unique clinical characteristics and may affect the clinical course in a

psychiatry-referral sample.

Introduction

Delirium is an acute disturbance in attention and awareness in response to one or more physi-

ological stressors frequently encountered in hospital settings[1]. Delirium in critically ill

patients is associated with higher morbidity and mortality, such as longer duration of mechan-

ical ventilation, longer length of stay in ICU and hospital, and higher probability of transfer to

medical institutions [2]. Though delirium is primarily known as a disorder of cognition, the

non-cognitive symptoms are frequently encountered [3], and possibly influence the course of

delirium. Previous studies have mainly focused on the role of motor symptoms of delirium on

clinical outcomes [4, 5], and little is known about the impact of non-cognitive, non-motor

symptoms of delirium.

Psychotic symptoms are frequently observed among dementia patients and often associated

with poor clinical outcome [6]. In particular, delusions and hallucinations are associated with
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increased risk of cognitive and functional decline [7], and faster functional impairment and

increased mortality risk [6, 8, 9]. Likewise, delusions and hallucinations are frequently

reported among delirium patients. More than 40% of delirious patients have delusions and hal-

lucinations [3, 10, 11]. Patients with psychotic symptoms of delirium display psychomotor agi-

tations and aggressive behaviors [3, 12], more often than those without psychotic symptoms,

and may lead to self-harm or noncompliance that would lead to medical complications and

poor clinical outcomes. However, the role of psychotic symptoms in delirium has not been suf-

ficiently investigated yet. This study was designed to investigate the clinical characteristics and

outcomes of delirium with psychotic symptoms.

Materials and methods

Subjects and procedure

The study was carried out in a university hospital in South Korea. The authors reviewed a

series of patients referred to adult and elderly psychiatric consultation-liason services from

January to June 2012. Among total of 1147 patients who were referred to psychiatric consulta-

tion services, we identified 353 (30.8%) patients diagnosed as delirium due to general medical

conditions according to Diagnostic and Statistical Manual of Mental Disorders, 4th edition

(DSM-IV) by trained psychiatrists. Subjects with delirium related to alcohol withdrawal and

superimposed on dementia (n = 23), which was diagnosed before the admission to the hospi-

tal, and with insufficient medical records or DRS-R-98 scores (n = 97) were excluded and 233

patients were included in the final analyses. There were no differences in age, sex, disease

severity, comorbidity, number of medication, etiology of delirium, psychiatric history, length

of hospital stay between subjects with full DRS-R-98 scores and those without. The mean age

was 71.1 years old (SD = 13.22) and 163 (70%) subjects were males. Mean APACHE-II score

and age-adjusted CCI were 12.38 (SD = 4.485) and 5.46 (SD = 2.877) respectively.

The protocol and conduct of this retrospective study was approved by the Institutional

Review Board of Yonsei University Wonju College of Medicine (IRB No. YWMR-14-5-050)

before this study was conducted. A waiver of informed consent was obtained as this study was

a retrospective review of medical records.

Assessments

A structured case report form was filled for each patient to collect the following demographic

and clinical data; age, sex, use of psychotropic medications that would influence the course of

delirium (opioids, psychostimulants, antidepressant, benzodiazepines, and hypnotics), previ-

ous psychiatric diagnoses, and use of antipsychotics for the management of delirium symp-

toms. Charlson Comorbidity Index (CCI) was calculated to assess comorbidity burden. CCI

has good reliability and excellent correlation with mortality, disability, readmission, and length

of stay outcomes [13]. Since age-adjusted CCI was an independent prognostic factor of mortal-

ity after adjusting other covariates [14], we assessed age-adjusted CCI based on the reviewed

chart. Acute Physiology and Chronic Health Evaluation II (APACHE-II) scoring system was

used to evaluate the disease severity, based on lab findings and medical records within one day

before referral to psychiatric consultation. APACHE-II takes the patient’s age and 12 physio-

logical measurements into account and has good predictive value for acutely ill patients [15,

16], Attribution of etiology was made according to a standardized Delirium Etiology Checklist

(DEC) with 12 categories [17]. The presence of multiple potential causes of delirium was also

documented for each case without rating.

A Delirium Rating Scale-revised-98 (DRS-R-98) was conducted by a trained psychiatrist at

the first visit. DRS-R-98 is a 16-item clinician-rated scale to diagnose and assess the severity of
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delirium [18]. It is composed of 13 severity items (sleep wake cycle, perceptual disturbance/

hallucination, delusions, lability of affect, language, thought process abnormality, motor agita-

tion, motor retardation, orientation, attention, short-term memory, long-term memory, and

visuospatial ability) and three diagnostic items (temporal onset of symptoms, fluctuation, and

physical disorder). Each item is rated from 0 (absent/normal) to 3 (severe) and higher scores

indicate more severe symptom severity. The Korean version of the DRS-R-98 scale has been

demonstrated to be valid and reliable for assessing delirium as well as discriminating delirium

from dementia [19]. According to Meagher and colleagues [3], psychotic symptoms (PS) were

defined as having two or more scores on any one of three items from DRS-R-98 psychotic

symptom (perceptual disturbances/hallucination, delusions and thought process abnormali-

ties). Motor subtype was classified by the definition proposed by Lipowski [20–23]: (1) hyper-

active subtype is characterized as restlessness, agitation, hyperactivity and aggressiveness; (2)

hypoactive subtype as decreased activity and reactivity, retardation, lethargy and drowsiness;

and (3) mixed subtype as shifts between hypoactivity to hyperactivity [23]. Though Lipowski’s

description is not a validated scale, this has moderate to high degree of consensus (55 to 76%)

with other methods of defining motor subtype of delirium [24].

The following clinical outcome measures were collected; length of hospital stay, need of

Intensive Care Unit (ICU) care, length of ICU stay, need of mechanical ventilation (MV) and

duration of MV, in-hospital mortality, accidents due to delirium, and transfer to medical insti-

tutions. Accidents due to delirium were defined as either of accidental tube removal by

patients themselves, fall down injuries, or other mishaps due to delirium symptoms.

Statistical analysis

χ2-tests and independent t-tests were performed to compare the clinical characteristics, delir-

ium symptoms and outcomes between delirium with psychotic symptoms group (PS group)

and those without (non-PS group). Mann-Whitney U tests were used for the non-parametric

continuous variables. Pearson correlation analyses were used to examine the association

between psychotic symptoms and other symptoms of delirium. Logistic regression and multi-

ple regression analyses were conducted to investigate the association between PS and clinical

outcomes (In-hospital mortality, accidents due to delirium, and length of hospital and ICU

stay). All statistical analyses were performed by SPSS 18.0 (SPSS Inc., Chicago, IL, USA).

Results

Differences in clinical characteristics and outcomes

Of 233 patients, 116 (49.8%) patients had�2 scores on any one of psychotic symptoms items.

Among them, 103 (44.2%) had perceptual disturbance, 34 (14.6%) had delusions, and 33

(14.2%) had thought process abnormalities. Fifty three (23.2%) patients scored�2 on two of

three psychotic symptoms items and only six (2.7%) rated two or more on all the three psy-

chotic symptoms items. Fifty seven (24.5%) patients scored�3 on any one of three psychotic

symptoms items. Pearson correlation analyses revealed that there were no associations

between any of the three psychotic symptoms in patients with psychotic symptoms.

Patients with psychotic symptoms were younger than patients (PS: 68.9±14.5 vs. non-PS:

73.2±11.5, χ2 = 2.487, p = .014), manifested more hyperactive motor subtype (PS: 62.1% vs.

non-PS group: 42.7%, χ2 = 10.218, p = 0.006), and used antipsychotics to manage delirium

symptoms more frequently than those without psychotic symptoms (PS: 80.2% vs. non-PS:

61.5%, χ2 = 9.786, p = .002) (Table 1).

The two groups showed no significant differences in sex distribution, mean APACHE-II and

CCI score, numbers of medications and etiologies, presence of psychiatric comorbidities and
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use of antipsychotics. The proportions of patients referred from medical department (PS: 70.7%

vs. non-PS: 62.4%, χ2 = 1.116, p = .291) and those with psychiatric illness (PS: 23.3% vs. non-PS:

19.7%, χ2 = .452, p = .501) were comparable between groups. The distributions of etiology and

comorbid psychiatric illness were not different between groups as well; in whole sample, the

most common etiologies of delirium according to DEC were systemic infection (n = 81, 36.3%),

followed by metabolic and endocrine abnormalities (n = 55, 24.6%) and organ insufficiency

(n = 54, 24.2%). The frequency of systemic infection was 40 (34.5%) in the PS group and 41

(35.0%) in the non-PS group (χ2 = .008, p = .928). The most common psychiatric comorbidity

was mood disorder (n = 20, 8.9%), followed by substance use disorder (n = 15, 6.7%).

Table 2 showed differences in clinical outcomes between groups. Delirium with psychotic

symptoms was associated with lower incidence of in-hospital mortality (PS: 4.3% vs. non-PS:

Table 1. Comparisons of demographic and clinical characteristics.

With psychotic symptoms

(n = 116)

Without psychotic symptoms

(n = 117)

χ2/t

Age (mean±SD) 68.93±14.5 73.20±11.5 2.487�

Sex (male) 82 (70.7%) 80 (68.4%) 0.147

APACHE-II 12.40±4.76 12.37±4.21 -0.049

CCI (age adjusted) (mean±SD) 5.27±2.84 5.66±2.91 1.037

Number of medications (mean±SD) 11.08±4.39 10.89±4.39 -0.328

Number of etiologies (mean±SD) 1.54±0.66 1.51±0.69 -0.341

Presence of multiple etiologies 53 (45.7%) 48 (41.0%) 0.516

Motor subtype

Hyperactive 73 (62.9%) 50 (42.7%) 10.218��

Hypoactive 2 (1.7%) 6 (5.1%)

Mixed 41 (35.3%) 61 (52.1%)

Psychiatric comorbidities 27 (23.3%) 23 (19.7%) 0.452

Use of psychotropic agents 13 (11.2%) 17 (14.5%) 0.573

Use of antipsychotics for delirium 93 (80.2%) 72 (61.5%) 9.786��

APACHE-II; Acute Physiology and Chronic Health Evaluation II, CCI; Charlson Comorbidity Index.

� p < .05,

�� p < .005.

https://doi.org/10.1371/journal.pone.0200538.t001

Table 2. Comparisons of clinical outcomes.

With psychotic symptoms

(n = 116)

Without psychotic symptoms

(n = 117)

χ2/U

Length of hospital stay (days) a 20.50 (13, 36.75) 21.00 (11, 44) 6622.000

ICU care 54 (46.6%) 54 (46.2%) 0.004

Length of ICU stay (days) a 7.50 (4, 15) 8.50 (5, 19.25) 1292.500

In-hospital mortality 5 (4.3%) 14 (12.0%) 4.558�

Mechanical ventilation 23 (19.8%) 31 (26.5%) 1.455

Duration of mechanical ventilation (days) a 6.00 (3, 8) 6.00 (3, 22) 312.000

Accidents due to delirium 46 (39.7%) 48 (41.0%) 0.045

Transfer to medical institutions 43 (37.1%) 35 (29.9%) 1.339

ICU; Intensive Care Unit.
a Median (Interquantile range; IQR)

� p< .05.

https://doi.org/10.1371/journal.pone.0200538.t002
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12.0%, χ2 = 4.558, p = 0.033). Other clinical outcomes were not significantly different between

groups.

Differences in clinical outcomes

Tables 3 and 4 showed the results of logistic and multiple regression analyses. In univariate anal-

yses, in-hospital mortality was lower in patients with PS (OR = 0.33, p = .040) and higher in

patients with higher APACHE-II (OR = 1.14, p = .011) and CCI scores (OR = 1.27, p = .009),

higher number of etiologies (OR = 1.90, p = .039) and mixed motor subtype (OR = 6.90, p =

.003). Multivariate logistic regression revealed that absence of psychotic symptoms (OR = .027, p
= .039), higher APACHE-II score (OR = 1.16, p = .020) and mixed motor subtype (OR = 10.03,

p = .003) predicted in-hospital mortality. When redefining psychotic symptom as having either

of hallucination or delusion (not including thought process abnormality) to confirm this associa-

tion in patients with core psychotic symptoms, the result was comparable to original results

(adjusted OR = 0.28, 95%CI = 0.08–0.97, p = 0.045). Cox regression analysis, which was per-

formed to examine the role of the heterogeneous nature of subjects or time effect, on patients

referred from the medical department revealed similar findings (adjusted HR = 0.15, 95%

CI = 0.30–0.78, p = 0.024). A logistic regression analysis to investigate the prediction of accident

due to delirium found only age (OR = 1.03, p = .018), male gender (OR = 2.38, p = .020) and

mixed motor subtype (OR = 0.10, p< .001) as meaningful predictors.

Multiple regression analyses revealed that psychotic symptoms were not associated with

length of hospital and ICU stay (Table 4). Age (B = -0.016, p = .001) and number of medication

(B = 0.059, p = .000) predicted length of hospital stay while only age (B = -.0.020, p = .004) pre-

dicted length of ICU stay.

Table 3. Logistic regression analysis for in-hospital mortality and accidents.

In-hospital mortality Accidents due to deliriumb

OR (95% CI) aOR (95% CI) OR (95% CI) aOR (95% CI)

Age 1.00 (0.97–1.04) 0.96 (0.91–1.02) 1.01 (0.99–1.03) 1.03 (1.01–1.06)�

Sex (male) 1.06 (0.39–2.91) 2.06 (0.57–7.43) 2.36 (1.28–4.34)� 2.38 (1.15–4.94)�

APACHE-II 1.14 (1.03–1.26)� 1.16 (1.02–1.31)� 0.995 (.94–1.06) 0.97 (0.89–1.04)

CCI (age adjusted) 1.27 (1.06–1.52)� 1.209 (0.98–1.50) 1.03 (0.94–1.12) 1.04 (0.92–1.17)

Number of medications 1.07 (0.96–1.19) 1.09 (0.96–1.23) 1.00 (0.94–1.06) 0.98 (0.91–1.05)

Number of etiologies 1.90 (1.03–3.49)� 1.89 (0.92–3.88) 0.90 (0.61–1.33) 0.98 (0.60–1.60)

Motor subtype

Hyperactive Reference Reference Reference Reference

Hypoactive 5.71 (0.53–62.24) 2.95 (0.20–42.94) 0.21 (0.04–1.06) 0.15 (0.03–0.90)

Mixed 6.90 (1.94–24.56)�� 10.03 (2.17–46.39)�� 0.12 (0.06–0.22)�� 0.10 (0.05–0.21)��

DRS-R-98a 0.95 (0.87–1.05) 1.08 (0.94–1.23) 1.07 (1.01–1.12) 1.01 (0.94–1.09)

Use of antipsychotics 0.54 (0.21–1.40) 0.65 (0.20–2.14) 2.37 (1.28–4.41) 1.42 (0.65–3.10)

Psychotic symptoms 0.33 (0.12–0.95)� 0.27 (0.08–0.94)� 0.95 (0.56–1.60) 0.58 (0.29–1.16)

a Sum of DRS-R-98 severity items except perceptual disturbance, delusion and thought process abnormalities
b Accidents due to delirium were defined as either of accidental tube removal by patients themselves, fall down injuries, or other mishaps due to delirium symptoms.

� p< .05,

�� p< .005.

https://doi.org/10.1371/journal.pone.0200538.t003
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Discussion

We investigated the differences in clinical characteristics and outcomes between psychotic and

non-psychotic delirium. To the best of our knowledge, this is the first study to investigate the

association between psychotic symptoms of delirium and clinical outcomes.

The prevalence of psychotic symptoms in our study was 49.8%, comparable to previous find-

ings ranging from 31% to 49% [3, 10, 11]. Among psychotic patients, delusion and hallucination

were not associated with cognitive symptoms, implying that these symptoms may not result

from the misunderstanding of the external environment due to impaired cognitive functions

[3]. In addition, psychotic symptoms in delirium were not associated with comorbid psychiatric

conditions. These findings suggest the pathophysiology of psychotic symptoms of delirium may

be different from that of functional psychotic illness, such as bipolar disorder and schizophrenia

[3, 25]. This study showed no difference in the past history of psychiatric illness psychotic and

non-psychotic delirium patients. This supports previous findings that the pathophysiological

causes of psychotic symptoms in bipolar disorder, schizophrenia or functional psychotic illness

are different from those found in delirium [3, 10]. The results were consistent with previous

studies that hyperactive delirium referred for psychiatric consultation was more likely to involve

psychotic symptoms [11, 26]. Meagher and colleagues, on the contrary, showed no association

between motor subtype and psychotic symptoms [3]. Methodological differences including

sample inclusion and classification may account for the mixed results.

An interesting result was observed in terms of motor subtypes that mixed subtypes affect

accidents and in-hospital mortality in a different way. Additional analysis to investigate the

role of motor subtypes on in-hospital mortality after controlling for confounding factors and

accidents showed comparable results. This suggests that motor subtype may serve as a risk fac-

tor for in-hospital mortality while as a protective factor for delirium-associated accidents and

that the effects of motor subtype on in-hospital mortality may not be mediated by accidents.

In this study, the logistic regression revealed the odds ratio of the presence of psychotic

symptoms for having in-hospital mortality as 0.27 (95% CI = 0.08–0.94) after controlling for

Table 4. Predicting factors for length of stay in hospital and ICU.

Length of hospital staya Length of ICU staya

B Β B β

Age -0.016 -0.241�� -0.020 -0.348��

Sex (male) -0.025 -0.014 -0.016 -0.008

APACHE-II -0.008 -0.042 0.032 0.172

CCI (age adjusted) -0.031 -0.103 -0.002 -0.006

Number of medications 0.059 0.299�� 0.042 0.195

Number of etiologies -0.150 -0.118 0.030 0.026

Motor subtype

Hyperactive Reference Reference Reference Reference

Hypoactive -0.017 -0.004 0.203 -0.033

Mixed 0.082 0.047 0.264 0.152

DRS-R-98b 0.006 0.036 0.026 0.172

Use of antipsychotics -0.022 -0.012 0.230 0.127

Psychotic symptoms -0.174 -0.101 -0.338 -0.201

a Transformed to ln scale
b Sum of DRS-R-98 severity items except perceptual disturbance, delusion and thought process abnormalities

�� p< .005.

https://doi.org/10.1371/journal.pone.0200538.t004
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the critical confounding factors, such as disease severity, comorbidity, number of medications,

number of etiologies, motor subtype, delirium severity, and use of antipsychotics. This result

should be interpreted carefully since only a small number of in-hospital death was observed in

this study. Despite, here we deliberately suggest some explanations for this result. Firstly, psy-

chotic symptoms may serve as ‘warning signs’ of the poor physical condition, or vice versa.

Psychotic symptoms often induce agitation or inappropriate behavior and may lead to draw

more clinical attention and eventually reducing mortality. Inversely, poor medical condition

itself can be a predisposing factor for psychotic symptoms. Second can be that psychotic symp-

toms would play an independent role on the clinical course of delirium patients. In this study,

psychotic symptoms were associated with in-hospital mortality, but not with delirium-associ-

ated with accidents. Further studies with larger sample size with prospective design would be

necessary to verify the results. Third can be the unique nature of psychotic symptoms mani-

fested in delirium patients. Unlikely to dementia, which is a neurodegenerative disorder, delir-

ium is caused by physiological disturbance and is considered to be reversible. Thus the

underlying neurophathophysiology of psychotic symptoms manifested in delirium and

dementia may be associated with different disease courses [3].

This study has several strengths. First, whole assessment was done by trained psychiatrists

using standardized tools such as DSM-IV and DRS-R-98 based on the direct observation. Fur-

thermore, excluding preexisting dementia and alcohol withdrawal delirium would avoid con-

founding effects of psychotic symptoms from other causes and strengthen the association

between psychotic symptoms and clinical outcomes in delirium caused by general medical

conditions. Secondly, our sample included patients with a broad range of etiologies and medi-

cal or surgical conditions, with no etiologic differences between psychotic and non-psychotic

delirium. This may broaden the generalizability beyond delirium occurred in specific popula-

tions. At the same time, the heterogeneity of the sample would affect the clinical outcomes and

obscure our result at the same time. Results from two subgroup analyses, first including only

patients over 65 years of age and second only medical patients were comparable to the results

of the whole sample.

Despite these considerable strengths, there are also limitations that should be noted. First,

the study design was retrospective and the number of sample was relatively small. Second, this

study involved only patients referred for psychiatric consultation and those fully assessed with

DRS-R-98. Though no differences in clinical characteristics and outcomes between subjects

with full DRS-R-98 scores and those without were observed, the sampling methods may lead

to an overrepresentation of delirium with particular problems. Third, the assessment of psy-

chotic symptoms based on DRS-R-98 was done at a single point in time. Because symptoms

and severity of delirium fluctuate, assessments at multiple points would likely provide more

reliable information. Meanwhile, according to Meagher and colleagues, the pattern of delirium

symptoms does not change over time in specific DRS items [27]. Fourth, since the direct causes

of death were not determined in this study, the direct causality between the physical conditions

that led to delirium and mortality is difficult to define. Fifth, we assessed motor subtype based

on clinical data, not using validated tools such as Delirium Motor Subtyping Scale (DMSS)

[24], which would underestimate the effect of motor subtype in clinical outcomes. However,

Lipowski first introduced the concept of hyperactive, hypoactive and mixed variants of delir-

ium and this concept has been widely used in clinical situations as well as in researches [23, 24,

28]. Thus we considered Lipowski’s concept would have good guiding properties for determin-

ing motor subtype of delirium. Lastly, there is a possibility of the inclusion of undiagnosed

dementia since we excluded only diagnosed dementia prior to the admission.

In conclusion, we demonstrated that psychotic symptoms in delirium were associated with

unique clinical characteristics and outcomes and may serve as a risk factor of adverse outcome

Psychotic symptoms in delirium
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in delirious patients referred for psychiatric consultations. Further prospective large study

would be necessary to validate the role of psychotic symptoms in clinical outcomes.
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9. Vilalta-Franch J, López-Pousa S, Calvó-Perxas L, Garre-Olmo J. Psychosis of Alzheimer disease: prev-

alence, incidence, persistence, risk factors, and mortality. Am J Geriatr Psychiatry. 2013; 21(11):1135–

43. https://doi.org/10.1016/j.jagp.2013.01.051 PMID: 23567368

10. Webster R, Holroyd S. Prevalence of psychotic symptoms in delirium. Psychosomatics. 2000; 41

(6):519–22. https://doi.org/10.1176/appi.psy.41.6.519 PMID: 11110116

11. Ross CA, Peyser CE, Shapiro I, Folstein MF. Delirium: phenomenologic and etiologic subtypes. Int Psy-

chogeriatr. 1991; 3(2):135–47. PMID: 1811769

12. Grover S, Agarwal M, Sharma A, Mattoo SK, Avasthi A, Chakrabarti S, et al. Symptoms and aetiology

of delirium: A comparison of elderly and adult patients. East Asian Arch Psychiatry. 2013; 23(2):56–64.

PMID: 23807630

13. Hall WH, Ramachandran R, Narayan S, Jani AB, Vijayakumar S. An electronic application for rapidly

calculating Charlson comorbidity score. BMC cancer. 2004; 4:94. https://doi.org/10.1186/1471-2407-4-

94 PMID: 15610554; PubMed Central PMCID: PMC545968.

14. Marchena-Gomez J, Acosta-Merida MA, Hemmersbach-Miller M, Conde-Martel A, Roque-Castellano

C, Hernandez-Romero J. The age-adjusted Charlson Comorbidity Index as an outcome predictor of

patients with acute mesenteric ischemia. Ann Vasc Surg. 2009; 23(4):458–64. https://doi.org/10.1016/j.

avsg.2008.10.008 PMID: 19128926

Psychotic symptoms in delirium

PLOS ONE | https://doi.org/10.1371/journal.pone.0200538 July 13, 2018 8 / 9

https://doi.org/10.1016/j.jpsychores.2008.05.020
https://doi.org/10.1016/j.jpsychores.2008.05.020
http://www.ncbi.nlm.nih.gov/pubmed/18707943
https://doi.org/10.1016/j.genhosppsych.2012.11.003
http://www.ncbi.nlm.nih.gov/pubmed/23218845
https://doi.org/10.1176/appi.psy.50.3.248
http://www.ncbi.nlm.nih.gov/pubmed/19567764
https://doi.org/10.1192/bjp.bp.113.130948
http://www.ncbi.nlm.nih.gov/pubmed/25061120
https://doi.org/10.1001/archneur.62.10.1601
http://www.ncbi.nlm.nih.gov/pubmed/16216946
https://doi.org/10.1016/j.biopsych.2013.08.020
http://www.ncbi.nlm.nih.gov/pubmed/24103379
https://doi.org/10.1016/j.jagp.2013.01.051
http://www.ncbi.nlm.nih.gov/pubmed/23567368
https://doi.org/10.1176/appi.psy.41.6.519
http://www.ncbi.nlm.nih.gov/pubmed/11110116
http://www.ncbi.nlm.nih.gov/pubmed/1811769
http://www.ncbi.nlm.nih.gov/pubmed/23807630
https://doi.org/10.1186/1471-2407-4-94
https://doi.org/10.1186/1471-2407-4-94
http://www.ncbi.nlm.nih.gov/pubmed/15610554
https://doi.org/10.1016/j.avsg.2008.10.008
https://doi.org/10.1016/j.avsg.2008.10.008
http://www.ncbi.nlm.nih.gov/pubmed/19128926
https://doi.org/10.1371/journal.pone.0200538


15. Oh TE, Hutchinson R, Short S, Buckley T, Lin E, Leung D. Verification of the Acute Physiology and

Chronic Health Evaluation scoring system in a Hong Kong intensive care unit. Crit Care Med. 1993; 21

(5):698–705. Epub 1993/05/01. PMID: 8482091.

16. Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a severity of disease classification

system. Crit Care Med. 1985; 13(10):818–29. PMID: 3928249

17. Hales RE, Yudofsky SC, Gabbard GO. The American psychiatric publishing textbook of psychiatry:

American Psychiatric Pub; 2008.

18. Trzepacz PT, Mittal D, Torres R, Kanary K, Norton J, Jimerson N. Validation of the Delirium Rating

Scale-Revised-98Comparison With the Delirium Rating Scale and the Cognitive Test for Delirium. J

Neuropsychiatry Clin Neurosci. 2001; 13(2):229–42. https://doi.org/10.1176/jnp.13.2.229 PMID:

11449030

19. Lee Y, Ryu J, Lee J, Kim HJ, Shin IH, Kim JL, et al. Korean version of the delirium rating scale-revised-

98: reliability and validity. Psychiatry Investig. 2011; 8(1):30–8. https://doi.org/10.4306/pi.2011.8.1.30

PMID: 21519534; PubMed Central PMCID: PMC3079183.

20. Inouye SK. Delirium in older persons. N Eng J Med. 2006; 354(11):1157–65.

21. Peterson JF, Pun BT, Dittus RS, Thomason JW, Jackson JC, Shintani AK, et al. Delirium and its motoric

subtypes: a study of 614 critically ill patients. J Ame Geriatr Soc. 2006; 54(3):479–84.

22. Liptzin B, Levkoff SE. An empirical study of delirium subtypes. Br J Psychiatry. 1992; 161(6):843–5.

23. Lipowski ZJ. Delirium in the elderly patient. N Eng J Med. 1989; 320(9):578–82.

24. Meagher DJ, Moran M, Raju B, Gibbons D, Donnelly S, Saunders J, et al. Motor symptoms in 100

patients with delirium versus control subjects: comparison of subtyping methods. Psychosomatics.

2008; 49(4):300–8. https://doi.org/10.1176/appi.psy.49.4.300 PMID: 18621935

25. Trzepacz PT, Dew M. Further analyses of the delirium rating scale. Gen Hosp Psychiatry. 1995; 17

(2):75–9. PMID: 7789787

26. Grover S, Sharma A, Aggarwal M, Mattoo SK, Chakrabarti S, Malhotra S, et al. Comparison of symp-

toms of delirium across various motoric subtypes. Psychiatry Clin Neurosci. 2014; 68(4):283–91.

https://doi.org/10.1111/pcn.12131 PMID: 24372977.

27. Meagher D, Adamis D, Trzepacz P, Leonard M. Features of subsyndromal and persistent delirium. Br J

Psychiatry. 2012; 200(1):37–44. https://doi.org/10.1192/bjp.bp.111.095273 PMID: 22075650

28. Santos FS, Wahlund LO, Varli F, Velasco IT, Jönhagen ME. Incidence, clinical features and subtypes of

delirium in elderly patients treated for hip fractures. Dement Geriatr Cogn Dis. 2005; 20(4):231–7.

Psychotic symptoms in delirium

PLOS ONE | https://doi.org/10.1371/journal.pone.0200538 July 13, 2018 9 / 9

http://www.ncbi.nlm.nih.gov/pubmed/8482091
http://www.ncbi.nlm.nih.gov/pubmed/3928249
https://doi.org/10.1176/jnp.13.2.229
http://www.ncbi.nlm.nih.gov/pubmed/11449030
https://doi.org/10.4306/pi.2011.8.1.30
http://www.ncbi.nlm.nih.gov/pubmed/21519534
https://doi.org/10.1176/appi.psy.49.4.300
http://www.ncbi.nlm.nih.gov/pubmed/18621935
http://www.ncbi.nlm.nih.gov/pubmed/7789787
https://doi.org/10.1111/pcn.12131
http://www.ncbi.nlm.nih.gov/pubmed/24372977
https://doi.org/10.1192/bjp.bp.111.095273
http://www.ncbi.nlm.nih.gov/pubmed/22075650
https://doi.org/10.1371/journal.pone.0200538

