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Abstract

Purpose

Delirium is an underdiagnosed complication on intensive care units (ICU). We hypothesized
that a score-based delirium detection using the Nudesc score identifies more patients com-
pared to a traditional diagnosis of delirium by ICU physicians.

Methods

In this retrospective study, all patients treated on a general medical ICU with 30 beds in a
university hospital in 2019 were analyzed. Primary outcome was a documented physician
diagnosis of delirium, or a delirium score >2 using the Nudesc.

Results

In 205/943 included patients (21.7%), delirium was diagnosed by ICU physicians compared
to 438/943 (46.4%; ratio 2.1) by Nudesc>2. Both assessments were independent predictors
of ICU stay (p<0.01). The physician diagnosis however was no independent predictor of
mortality (OR 0.98 (0.57—1.72); p = 0.989), in contrast to the score-based diagnosis (OR
2.31 (1.30-4.10); p = 0.004). Subgroup analysis showed that physicians underdiagnosed
delirium in case of hypoactive delirium and delirium in patients with female gender and in
patients with an age below 60 years.

Conclusion

Delirium in patients with hypoactive delirium, female patients and those below 60 years was
underdiagnosed by physicians. The score-based delirium diagnosis detected delirium more
frequently and correlated with ICU mortality and stay.

PLOS ONE | https://doi.org/10.1371/journal.pone.0259841

November 29, 2021 1/13


https://orcid.org/0000-0002-9423-9682
https://doi.org/10.1371/journal.pone.0259841
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0259841&domain=pdf&date_stamp=2021-11-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0259841&domain=pdf&date_stamp=2021-11-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0259841&domain=pdf&date_stamp=2021-11-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0259841&domain=pdf&date_stamp=2021-11-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0259841&domain=pdf&date_stamp=2021-11-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0259841&domain=pdf&date_stamp=2021-11-29
https://doi.org/10.1371/journal.pone.0259841
https://doi.org/10.1371/journal.pone.0259841
http://creativecommons.org/licenses/by/4.0/

PLOS ONE

Delirium on the ICU

Abbreviations: ICU, Intensive care unit; NuDesc,
Nursing Delirium screening scale; RASS,
Richmond agitation and sedation scale.

Introduction

»

Delirium, also known as “acute encephalopathy,” is defined by the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-5) criteria as disturbance in attention and
awareness, which develops over a short period of time and is different from baseline attention
and awareness [1]. Being a common complication on the intensive care unit (ICU), with an
incidence varying between 22-83%, depending on the population and the assessment method
used [2-6], delirium is associated with increased mortality as well as prolonged hospital and
ICU stay, also resulting in increased hospital costs [7,8]. Yet delirium is still not addressed
accordingly and is notoriously underdiagnosed [9-13]. Referring to the high rate of overseen
delirium, guidelines recommend a screening for delirium on the ICU with a valid and reliable
delirium-score [14].

Nurses are in touch with the patients 24 hours a day, have much more patient contact as the
physicians and therefore play a critical role in delirium detection [13]. In our medical ICU on
a tertiary university hospital, the Nursing Delirium screening scale (Nudesc) is assessed at least
three times daily by especially trained nurses in all patients on our ICU. The Nudesc is evalu-
ated in one to two minutes, can be performed easily and shows a high sensitivity and specificity
in most studies (86% and 87% on internal medicine units; 98% and 87% on neurological and
cardiologic wards; 83% and 81% on a surgical ICU; 89% and 89% on a general ICU; 42% and
98% on neurology and neurosurgery or surgical units) [15-20].

However, due to the lack of data on the validity of the Nudesc on the ICU, it has not yet
been integrated into our standard operating procedure for the clinical diagnosis of delirium,
which means that the diagnosis of delirium is determined by our ICU physicians only by clini-
cal assessment in unawareness of the score. As the assessment of a detailed psychopathological
status of the patient is not manageable in terms of time for an intensive care physician, we
wanted to test whether the utilization of the Nudesc is superior to a diagnosis of delirium by
ICU physicians to finally integrate the Nudesc in our standard operating procedure. While
diagnosis of delirium according to the criteria given in DSM-V (Diagnostic and Statistical
Manual of Mental Disorder, 5™ edition) is considered to be the gold standard, guidelines advo-
cate a score-based diagnosis of delirium [21].

Aim of the present study therefore was to investigate the Nudesc as score-based delirium
assessment tool on a medical ICU. We therefore analyzed and compared incidence, risk factors
and prespecified subgroups of patients with delirium on our medical ICU using two defini-
tions of delirium: First, delirium diagnosed by the treating medical physicians (“clinical diag-
nosis”) and second, delirium diagnosed by a positive Nudesc. We additionally aimed to
identify prespecified subgroups in which a score-based diagnosis may be even more helpful.

Methods

We conducted an investigator-initiated single-center retrospective registry study analyzing
patients from the Freiburg delirium registry treated in 2019.

Analysis was blinded to patient identity and was covered by an ethics approval (Ethics
Committee of the Albert-Ludwigs-University of Freiburg, file number 387/19). Since only ret-
rospective data of an already performed intervention was collected, the informed consent was
waived by the approval of the relevant ethic committee.

Patient selection and data collection

All patients treated at the Interdisciplinary Medical Intensive Care Unit (MIT) at the Medical
Center, University of Freiburg, Germany for more than 24 hours were included in the present
analysis. The University of Freiburg Medical Center is a tertiary care hospital with a 30-bed
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medical intensive care unit. If delirium evaluation was not possible, patients were excluded:
patients with transfer to other hospitals or death before extubation, patients with severe neuro-
logic comorbidities or hypoxic brain dysfunction.

All outcome variables were evaluated by manual case-by-case review of medical and patient
records. Since only data from the index hospital stay was evaluated, no patients were lost to a
follow up. Registry was checked for data integrity and plausibility according to the RECORD
recommendations for data clearing [22]. Some data (like laboratory tests) were not available
for all patients for all time points. Therefore, we included the number of values available for
every data point given in the tables.

ICU free days within 15 days after admission to the ICU were analyzed. ICU free days were
counted as zero if the patient died within the first 15 days after admission. Acute kidney injury
was defined as increase of serum creatinine of > 0.3mg/dl or to > 1.5 times baseline, according
to the KDIGO (Kidney Disease Improving Global Outcome) guideline [23]. Severe shock was
predefined as a norepinephrine dose of >1mg over at least 4 hours according to the definition
used by Russel et al [24]. In order to consider also patients with cardiogenic shock, patients
requiring two different catecholamines for more than 4 hour were also considered having
severe shock. Primary cause of illness was adjudicated on a case-by-case basis in “cardiac”
(acute myocardial infarction, transcatheter aortic valve implantation, resuscitation, cardio-
genic shock, heart rhythm disturbances, pulmonary embolism), “respiratory” (pneumonia,
acute respiratory distress syndrome, exacerbated chronic obstructive bronchitis, pneumotho-
rax), “infectious” (pneumonia, urosepsis, sepsis with other focus) or “other” (hyponatremia,
gastrointestinal bleeding, vasculitis, ketoacidosis, liver failure).

Definition of delirium

Delirium is a common complication in daily practice on our ICU. According to local standard
operating procedures, efforts are taken in any patient in order to prevent and treat delirium in
an interdisciplinary team approach including nurses, physiotherapists and physicians.

The primary endpoint referred to as “clinical diagnosis of delirium” was defined as written
diagnosis of delirium by an ICU physician. Delirium on our ICU is diagnosed according to
Fong et al., which is based on the definition discussed in Diagnostic and Statistical Manual of
Mental Disorders, 5th edition. In order to detect the primary endpoint [25]. All medical rec-
ords, including letters, physical examinations and shift reports, which were assessed at least
three times daily by the treating physicians, were screened for delirium diagnosis. In addition,
a newly introduced medication with haloperidol in patients without indication for a neurolep-
tic drug other than delirium was considered to indicate a physician diagnosed delirium. As
suggested by Tse et al., the authors did not make any new retrospective diagnoses of delirium
[26].

The primary endpoint, referred to as “delirium diagnosed by score,” was defined by a
Nudesc >2 in at least one assessment. In our hospital, the Nudesc is routinely assessed by espe-
cially trained nurses in all patients on our ICU at least three times a day.

The motoric subtype of delirium was defined using the Richmond agitation and sedation
scale (RASS), which is assessed at least three times daily in daily routine on our ICU [27].
According to literature, hyperactive delirium presumed when diagnosed in conjunction with
RASS >1 and no RASS <0 in follow-up scores during delirium [28]. RASS scores <0 after nec-
essary sedation due to agitation were excluded. Hypoactive delirium was presumed diagnosed
in context of a RASS <0, whereas mixed delirium was defined as variable positive and negative
RASS.
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Bias

Bias was reduced by predefining the primary endpoint “delirium”using either a well-estab-
lished score or a detailed analysis of medical data. Group allocation was performed after data
collection thereby reducing bias. Interpretation of variables was minimized and clear cutoff
values were predefined. An adjustment for confounders was done by multivariable logistic
regression analysis.

Statistical methods

All relevant data is given in standardized tables. For data analysis, SPSS (version 26, IBM
Statistics) and Prism (version 8, GraphPad) were employed. For statistical analysis, Mann-
Whitney U-test was used for analysis of continuous variables. For categorical variables,
Fisher’s exact test was used when number of expected values was smaller than five, other-
wise Pearson’s Chi-squared test was performed. A p-value of <0.05 was considered statisti-
cally significant.

Three endpoints were further investigated by multivariable regression analysis. Firstly, risk
factors for mortality were evaluated for interactions and in order to estimate the impact of the
different delirium assessments using a binary regression analysis. Secondly, the duration of the
ICU stay in all surviving patients was correlated with well-established risk factors for duration
of ICU stay. Thirdly, risk factors of delirium were evaluated for interactions and in order to
estimate the impact on delirium development using a binary regression analysis. We incorpo-
rated 8 prespecified well-established risk factors for delirium (age, psychiatric disease, demen-
tia, alcohol abuse, mechanical ventilation, severe shock, acute kidney injury and SAPS2
score > 50) which were tested to be significantly different in our dataset between patients with
and without delirium (significance threshold p<0.01 in either group) using a conditional for-
ward selection process with a p-value threshold for entry of 0.2. Data are given as n (%),
median and interquartile range (25th-75th) or odds ratio (OR) with 95% confidence interval
(CI) if not stated otherwise.

Results
Baseline characteristics and delirium diagnosis

In 2019, 1039 patients were treated on our medical intensive care unit for more than 24 hours.
Of these, 96/1039 (9.0%) patients were excluded. 80 patients died or were transferred to other
hospitals before extubation and 16 had severe neurologic comorbidities or hypoxic brain dys-
function, leading to 943 patients who could be assessed for delirium (Fig 1). Mean age was 70.2
(58.6-80.0) and 348 (36.9%) were female. Mechanical ventilation was necessary in 230/943
(24.4%). Most patients were admitted to the ICU for cardiac reasons (59.5%), followed by
respiratory (17.4%), other (15.1%) and septic (13.5%) causes.

The primary endpoint of clinically diagnosed delirium occurred in 205/943 (21.7%)
patients compared to 438/943 (46.4%; ratio 2.1) patients with delirium diagnosed by score. A
total of 189/943 (20.0%) were diagnosed by both assessment methods. Of these 189 patients,
92.2% with clinical diagnosis were also diagnosed by Nudesc and 43.2% with diagnosis by
Nudesc were detected clinically.

Patients with delirium in both groups (physician and score diagnosed) were older and had
more comorbidities compared to those without delirium (Table 1). Therapy was more exten-
sive in patients with delirium independent of the assessment method used (Table 2). For labo-
ratory characteristics, see S1 Table.
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Fig 1. Flowchart indicating number of included and excluded patients. Data are given as number of patients.

https://doi.org/10.1371/journal.pone.0259841.g001

Table 1. Baseline characteristics of all patients.

Clinical diagnosis Nudesc diagnosis

No delirium (N =738) |Delirium (N = 205) p-value | No delirium (N =505) | Delirium (N = 438) p-value
Age 69.7 (57.2-80.0) 74.0 (64.0-81.0) 0.001 | 69.7 (58.1-79.7) 71.1 (59.8-81.0) 0.052
Female 287 (38.9%) 61 (29.8%) 0.017 | 184 (36.4%) 164 (37.4) 0.749
Comorbidities
Coronary heart disease 201 (27.2%) 66 (32.2%) 0.163 | 143 (28.3%) 124 (28.3%) 0.998
Heart rhythm disturbances 169 (22.9%) 74 (36.1%) <0.001 | 109 (21.6%) 134 (30.6%) 0.002
Obesity 97 (13.1%) 27 (13.2%) 0.992 | 65 (12.9%) 59 (13.5%) 0.786
Pulmonary disease 137 (18.6%) 38 (18.5%) 0.993 | 92 (18.2%) 83 (18.9%) 0.773
Liver disease 53 (7.2%) 18 (8.8%) 0.443 | 28 (5.5%) 43 (9.8%) 0.013
Chronic kidney failure 129 (17.5%) 48 (23.4%) 0.054 | 87 (17.2%) 90 (20.5%) 0.193
Peripherial / cerebral arterial occlusive disease | 67 (9.1%) 29 (14.1%) 0.034 | 47 (9.3%) 49 (11.2%) 0.341
Neurological disease 143 (19.4%) 50 (24.4%) 0.115 | 82 (16.2%) 111 (25.3%) 0.001
Malignancy 110 (14.9%) 26 (12.7%) 0.423 | 72 (14.3%) 64 (14.6%) 0.877
Psychiatric disease 72 (9.8%) 24 (11.7%) 0.414 | 28 (5.5%) 68 (15.5%) <0.001
Dementia 19 (2.6%) 19 (9.3%) <0.001 | 4 (0.8%) 34 (7.8%) <0.001
Alcohol abuse 45 (6.1%) 19 (9.3%) 0.110 | 13 (2.6%) 51 (11.6%) <0.001
Drug abuse 18 (2.4%) 8 (3.9%) 0.258 | 5 (1.0%) 21 (4.8%) <0.001

p value reported in bold if difference is significant (p < 0.05). Data are given as median and interquartile range (25th-75th) or number of patients (percent of all patients

in group).

https://doi.org/10.1371/journal.pone.0259841.t001
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Table 2. Clinical characteristics of all patients.

Clinical diagnosis Nudesc diagnosis

No delirium (N = 738) Delirium (N = 205) p-value | No delirium (N = 505) Delirium (N = 438) p-value
ICU stay (days) 1.9 (1.2-3.6) 5.7 (2.8-10.0) <0.001 | 1.6 (1.2-2.6) 3.9 (2.0-8.1) <0.001
Mortality 58 (7.9%) 27 (13.2%) 0.019 | 20 (4.0%) 65 (14.8%) <0.001
ICU free days 15 13.1 (11.0-13.8) 8.9 (2.2-12.1) <0.001 | 13.4 (12.2-13.8) 10.2 (3.3-12.9) <0.001
TISS 10 5(5-10); N =725 10 (5-15); N =202 <0.001 | 5(3.8-10.0); N =490 10 (5-15); N = 437 <0.001
SAPS 2 37 (28-48); N = 725 43 (34-53); N = 202 <0.001 | 35 (26-44); N = 490 44 (34-52); N = 437 <0.001
SAPS 2 > 50 161 (22.2%) 65 (32.2%) 0.004 | 81 (16.5%) 134 (33.2%) <0.001
Cause of illness
cardiac 446 (60.4%) 115 (56.1%) 0.263 | 350 (69.3%) 211 (48.2%) <0.001
respiratory 123 (16.7%) 41 (20.0%) 0.265 | 65 (12.9%) 99 (22.6%) <0.001
infectious 96 (13.0%) 31 (15.1%) 0.433 | 51 (10.1%) 76 (17.4%) 0.001
other 110 (14.9%) 32 (15.6%) 0.803 | 53 (10.5%) 89 (20.3%) <0.001
Resuscitation 33 (4.5%) 34 (16.6%) <0.001 | 13 (2.6%) 54 (12.4%) <0.001
Non-invasive ventilation 160 (21.7%) 87 (42.4%) <0.001 | 81 (16.0%) 166 (37.9%) <0.001
Mechanical ventilation 143 (19.4%) 87 (42.4%) <0.001 | 73 (14.5%) 157 (35.7%) <0.001
Days of invasive ventilation 0(0-0.3) 0.4 (0-3.8) <0.001 | 0 (0-0.1) 0.3 (0-2.7) <0.001
Catecholamine therapy (shock) 233 (31.6%) 127 (62.0%) <0.001 | 114 (22.6%) 246 (56.2%) <0.001
Severe shock 95 (12.9%) 78 (38.0%) <0.001 | 40 (7.9%) 133 (30.4%) <0.001
ECMO 15 (2.0%) 16 (7.8%) <0.001 | 4 (0.8%) 27 (6.2%) <0.001
Coronary angiography 232 (31.4%) 70 (34.1%) 0.462 | 186 (36.8%) 116 (26.5%) 0.001
Acute kidney injury 272 (36.9%) 111(54.1%) <0.001 | 153 (30.3%) 230 (52.5%) <0.001
Renal replacement therapy 50 (6.8%) 26 (12.7%) 0.006 | 29 (5.7%) 47 (10.7%) 0.005
Arterial catheter 455 (61.7%) 174 (84.9%) <0.001 | 275 (54.5%) 354 (80.8%) <0.001
Central venous catheter 350 (47.4%) 126 (61.5%) <0.001 | 207 (41.0%) 269 (61.4%) <0.001
Urinal catheter 487 (66.0%) 185 (90.2%) <0.001 | 281 (55.6%) 391 (89.3%) <0.001
Necessity of blood transfusion 165 (22.4%) 71 (34.6%) <0.001 | 90 (17.8%) 146 (33.3%) <0.001

p value reported in bold if difference is significant (p < 0.05). Data are given as median and interquartile range (25th-75th) or number of patients (percent of all patients

in group).

https://doi.org/10.1371/journal.pone.0259841.t002

Duration of ICU stay

When considering the duration of ICU stay, both delirium endpoints were associated with a
longer ICU stay. In a multivariable linear regression analysis including age, invasive ventila-
tion, severe shock, acute kidney injury, and SAPS2 > 50, both assessments were also indepen-
dently associated with a longer duration of stay on the ICU in all surviving patients (Fig 2A).
Patients with delirium, independent of the assessment method, had also significantly less ICU
free days 15 days after ICU admission (Fig 2B).

Association with mortality

In a multivariable binary analysis (using the same confounders as in the analysis above), the
clinical diagnosis of delirium was not associated with an increased mortality (OR 0.98 (0.57-
1.72); p = 0.989). In contrast, the score-based diagnosis of delirium was a strong and indepen-
dent risk factors for ICU mortality in a multivariable binary analysis with the same confound-
ers (OR 2.31 (1.30-4.10); p = 0.004) (Fig 3).

Risk factors for delirium

Multivariable binary regression analysis showed that age, dementia, invasive ventilation, severe
shock and acute kidney injury were independent risk factors for a clinically diagnosed
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a
Coefficient p-value
Clinical diagnosis of delirium { ——  2.87(2.18-356) <0.001
Nudesc diagnosis of delirium { — 2.09 (1.52-2.66)  <0.001

Il Death
Delirium
—— Il 0-3days
6-9 days
Clinical diagnosis Bl >12 days

Fraction of patients %

Fig 2. Duration of stay on the intensive care unit (ICU). Multivariable linear regression analysis showing regression coefficients for ICU stay (days) in all
surviving patients adjusted for age, mechanical ventilation, severe shock, acute kidney and SAPS 2 > 50 (a). ICU free days 15 days after ICU admission (b).

https:/doi.org/10.1371/journal.pone.0259841.g002

delirium whereas psychiatric diseases, alcohol abuse and a high SAPS2 at admission

(SAPS2 > 50) were not associated with a clinically diagnosed delirium (Fig 4A). Multivariable
binary regression analysis showed that age, dementia, invasive ventilation, severe shock, acute
kidney injury, psychiatric diseases, and alcohol abuse are independent risk factors for a score-
based delirium diagnosis (Fig 4B).

Delirium subtypes

We further analyzed whether the clinical diagnosis and the score-based diagnosis vary in dif-
ferent subgroups. When diagnosed by physicians, hyperactive delirium occurred in 46/943
(4.9%), compared to 87/943 (9.2%) (ratio 1.9) in patients with a Nudesc diagnosis. Mixed delir-
ium was the most often diagnosed form in both assessments (122/943 (12.9%) versus 193/943
(20.5%); ratio 1.6). Hypoactive delirium was the least clinically diagnosed form (37/943 (3.9%)
versus 158/932 (16.8%); ratio 4.3). In all other subgroups analyzed, ratios of clinically

Odds ratio p-value
Clinical diagnosis of delirium { i ——e—— 0.98 (0.57-1.72)  0.989
Nudesc diagnosis of delirium { . ——te—— 231(1.30-4.10)  0.004

0.5 1 2

Fig 3. Multivariable binary logistic regression analyses for ICU mortality. Odds ratios adjusted for age, mechanical ventilation, severe shock, acute kidney
injury and SAPS 2 > 50.

https://doi.org/10.1371/journal.pone.0259841.g003
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a Risk factor for delirium diagnosed clinically Odds ratio p-value
Age . . . . 1.03 (1.02-1.05) <0.001
Psychiatric disease —— * 1.54 (0.90-2.65) 0.118
Dementia - . —_———— . 3.40 (1.68-6.87) 0.001
Alcohol abuse - -— : 1.71(0.91-3.22) 0.094
Mechanical ventilation — , — .+ 2.40 (1.59-3.62) <0.001
Severe shock . : — ' 3.21(2.06-5.02) <0.001
Acute kidney injury - P—— - 1.57 (1.10-2.25) 0.012
SAPS2 > 50 . —— : : 0.68 (0.45-1.04) 0.072

I I I I

b 0.3 1 3 30
Risk factor for delirium diagnosed by Nudesc Odds ratio p-value
Age : . : - 1.02 (1.01-1.03) <0.001
Psychiatric disease : FEE . 4.57 (2.69-7.78) <0.001
Dementia 7 : . :9.37 (3.17-27.65) <0.001
Alcohol abuse 7 R E— 1 5.45 (2.73-10.85) <0.001
Mechanical ventilation — :2.02 (1.37-2.97) <0.001
Severe shock 7 - 1 3.14 (1.99-4.93) <0.001
Acute kidney injury . T : 1.98 (1.45-2.70) <0.001
SAPS2 > 50 5 — : 1.32 (0.92-1.92) 0.135

0.3 1 3 30

Fig 4. Risk factors for delirium. Figure shows multivariable logistic regression analysis with odds ratio (95% confidence interval) of different risk factors for
delirium diagnosed by clinical diagnosis (a) and Nudesc (b). Odds ratios >1 mark positive predictors, odds ratio <1 negative predictors.

https://doi.org/10.1371/journal.pone.0259841.9004

diagnosed delirium and delirium diagnosed by score were close to the ratios for all patients,
except for patients younger than 60 years, female patients and patients with alcohol abuse, who
had higher ratios (3.1; 2.7; 2.7). Ratio of delirium in the subgroup of female patients younger
than 60 was even higher (ratio 3.8) (Fig 5A and 5B). In a univariate analysis of all patients with
delirium diagnosed by Nudesc, patients with hypoactive delirium, younger patients and female
patients had significant negative odds ratios predicting a clinically diagnosed delirium (Fig
5C). Incidence of hypoactive delirium diagnosed by score was higher than in male patients,
while no differences were seen when patients were divided by age (S2 Table).

Discussion

In this single-center retrospective study, we found the score-based diagnosis of delirium
(using the Nudesc score) detected delirium more often compared to a clinical diagnosis of
delirium by ICU physicians. We found nearly a 2.1 fold increase in delirium detection in the
Nudesc group compared to the clinical diagnosis group.

Diagnosis of delirium is complex and requires caution. While guidelines advocate a score
based diagnosis of delirium, the National Institute for Health and Care Excellence rates the
clinical diagnosis of delirium equally high [21,29]. Since no randomized, controlled studies
comparing clinical assessment and screening tools for delirium are available level of evidence
for delirium monitoring by score are low [29-33]. Data on surgical/trauma ICU patients sug-
gesting no effect of daily screening for delirium with a screening tool on delirium-related out-
comes including duration of delirium, mechanical ventilation, or ICU stay [30]. The authors
hypothesize that an educational program of delirium may be just as effective as score based
screening [30]. Similar finding are reported form a general ICU, where no changes in patient
outcomes or diagnosis of delirium 1 year after implementation of a screening tool were
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Fig 5. Fraction of delirium positive patients in different subgroups. (a). Factor of fraction of patients with delirium diagnosed by Nudesc divided by patients
with clinical diagnosis of delirium (b). Univariate analysis in all Nudesc positive patients predicting a positive clinical diagnosis of delirium (c). Positive Odds
ratios represent higher possibilities of a positive clinical diagnosis.

https://doi.org/10.1371/journal.pone.0259841.9005

detected [31]. Or data however suggests that clinical diagnosis of delirium underperforms in
certain subgroups and a score based approach might be more appropriate on a medical ICU.

In literature, incidence of delirium is heterogeneous, depending on patient population and
the assessment method used. On ICU, delirium is reported in 19-82% of patients [34]. There-
fore, delirium rate reported here blends nicely into literature. The clinical significance of a
delirium diagnosed by Nudesc is demonstrated by a strong association of delirium diagnosis
ICU mortality (while physician diagnosis did not). This might underline the validity of the
Nudesc diagnosis, since an association of delirium and mortality has been suggested in litera-
ture [8,34-36].

Furthermore, Nudesc >2 was an independent risk factor for a prolonged ICU stay, an asso-
ciation which has also been shown before for delirium [8,35,37]. Also, known independent
risk factors of delirium, such as age, psychiatric diseases, dementia, alcohol abuse, severe shock
and acute kidney injury, correlated with a Nudesc diagnosis of delirium which further empha-
sizes the validity [33-37].

Our subgroup analysis showed several interesting points. First, the rate of hypoactive delir-
ium was particularly underdiagnosed in the clinical diagnosis group compared to the score-
based group. This might be explained by the fact that quiet patients might be less noticed dur-
ing the stressful daily routine of the ICU. Importantly, patients with hypoactive delirium
might have the worst prognosis and consequently might be important to be identified [38].

Additionally, the ratios of delirium diagnosed by Nudesc were higher in the group of female
patients and in patients younger than 60 years of age. With regard to female patients, it has
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been reported that delirium is diagnosed more frequently in men compared to women con-
cerning all delirium subtypes [39]. Differences may partly be explained by a higher rate of
hypoactive delirium in female patients but also because female patients may behave more
inconspicuous than their male counterparts.

Concerning patient age, delirium might not be considered a plausible diagnosis in the young
patient group. Although delirium incidence is increasing with age, delirium has been consis-
tently reported in young patients and screening should also be performed in this subgroup.

Limitations

When generalizing the results presented in the present study to other ICUs, several limitations
have to be considered. Firstly, we report delirium diagnosis by ICU physicians. No independent
verification of a definite delirium diagnosis was available for this research. A precise comparison
of the clinical diagnosis and the diagnosis by Nudesc therefore lacks a definite diagnosis. Never-
theless, we show that a positive assessment with the Nudesc is independently predicted by vari-
ables already described for delirium and is also associated with mortality and ICU stay, which
have also been described before for delirium. Since the Nudesc was recorded at the bedside during
each shift and is available to ICU physicians, we cannot rule out that the result of the Nudesc influ-
enced the clinical delirium diagnosis (especially in patients with Nudesc <2). Other screening
tests, as the Confusion Assessment Method for the Intensive Care Unit (CAM-ICU), may have a
higher sensitivity and specificity as the Nudesc on the ICU with better psychometric properties
[16,18,40]. We present data of a general ICU with a heterogeneous patient collective. As incidence
of delirium differs in different patient populations, our results cannot be generalized for special
patient collectives. Clinical data was based on medical reports. Because we did not use structured
clinical interviews, some variables like alcohol abuse may be underestimated. Due to the retro-
spective nature, minor complications on the ICU may have been underreported. Lastly, we report
retrospective single-center data and results have to be considered hypothesis generating.

Conclusion

Delirium is underdiagnosed by the treating physicians on our ICU. The score-based delirium
diagnosis identifies patients with higher ICU mortality and ICU stay on a medical ICU. This
particularly applies for hypoactive delirium, female patients and patients younger than 60
years. Special attention should be given to this patient collective when relying on a clinical defi-
nition of delirium. Our findings therefore advocate a score based approach rather than a clini-
cal delirium diagnosis.
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