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Abstract
Background: Delirium is a frequent event in severely ill patients; its incidence and prevalence varies
depending on several factors; Covid has been associated to high incidence of delirium leading to
speculation of speci�c mechanisms of neurotoxicity by the SARS-CoV-2. We present the analysis of risk
factors for delirium incidence and the impact of delirium in the functional outcomes.

Methods: We included patients admitted to a referral center in Cali, Colombia between April and August
2020. Patients were evaluated for demographics, severity of disease, comorbidities, clinical outcomes,
delirium and survival at discharge. We evaluated the association of patient characteristics and disease
factors with delirium incidence by multivariate analysis (Hosmer and Lemeshow) and the associations of
delirium with functional outcome at discharge

Results: Among 333 patients, 58 (17.42%. 95% CI: 13.62%–21.77%) presented delirium 16 (IQR: 11 –20)
days after symptom onset. Patients with delirium were older, reported muscular weakness more often,
had a higher NEWS2 score at admission, and had more comorbidities (mainly Diabetes Mellitus II).
Multivariate analysis of hospitalization events and treatments found mechanical ventilation as the only
signi�cant covariate. The association between need for mechanical ventilation and delirium development
was estimated at OR=11.72, (95%CI=4.16–34.23). Patients who developed delirium had a higher
frequency of functional impairment: mRs>2 (70.7% vs 24.7%, p<0.001) and had a prolonged ICU stay
(median 13 days, IQR 8–21 vs median 5, IQR 3–10 days, p<0.0001) compared to patients without
delirium.

Conclusion: Our data show that premorbid functional status, the severity of respiratory disfunction and
the presence of in�ammatory markers are determinant in the risk of delirium; we believe that delirium is
not specially related to SARS-CoV-2 infections, but rather its high frequency during this pandemic is the
result of concurring factors shared between critically-ill patients and severe COVID-19 patients.

Introduction
The severe acute respiratory syndrome virus, SARS-CoV-2, which causes COVID-19 viral pneumonia, was
�rst identi�ed in late December 2019 in the Chinese city of Wuhan, Hubei province (1). It subsequently
spread rapidly around the world and was declared a pandemic by the World Health Organization (WHO)
in March 2020 (2), and by the end of 2020 has infected about 79.2 millions of people in the world, with a
cumulative global mortality of 3.2% approximately (2).

COVID-19 is a highly contagious pneumonia, with benign evolution in most cases, but associated with the
development of severe acute respiratory distress syndrome (ARDS) in some (3). Extrapulmonary
involvement has been detected as more studies with different cohorts of patients are published. One of
the most important compromised systems is the nervous system, presenting with both central and
peripheral neurological manifestations (3) with an incidence up to 36.4% (4). COVID-19 manifestations
include transitory alterations in the state of consciousness, nerve function, or cognitive sequelae (5).
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Several mechanisms of neuroinfection have been proposed in animal and human studies (4, 6), for
instance, a retrograde mechanism starting by the infection of the peripheral nerve terminals and
propagation towards the central nervous system. In the brain a trans-synaptic spread with a vesicle-
mediated secretory pathway could happen, this mechanism at the �rst cranial nerve can explain the
anosmia and ageusia without respiratory symptoms (7, 8); the second mechanism is the spread through
the blood-brain barrier, either throughout the endothelial cell with the expression of ACE2 or with the
“Trojan horse mechanism” using T lymphocytes to cross the blood-brain barrier (8, 9). Other studies have
postulated an aberrant immune response associated with hyperin�ammation as a pathophysiological
cause of brain dysregulation and the presence of neurological manifestations (10–13).

One of the most relevant problems associated with central nervous system involvement in COVID-19
patients is delirium, with a reported incidence up to 84.3% (12). Delirium is characterized by acute
�uctuating disturbances in attention and cognition in a short period of time which are not explained by a
pre-existing neurocognitive disorder (14). In critically ill patients, delirium is associated with worse
outcomes such as increased hospital stay, increased risk of long-term neurological and neurocognitive
sequelae, as well as the development of neuropsychiatric disorders or even death (15). Delirium, as well
as the other neurological manifestations, has been described as a major issue in patients with ARDS due
to COVID-19 pneumonia who required ICU admission and associated with the use of mechanical
ventilation and sustained sedation (12).

The aim of this study is to describe the incidence of delirium in consecutive patients hospitalized due to
COVID-19, and to estimate the association of delirium with other neurological manifestations, disease
severity, functional outcomes and mortality at discharge.

Methods:

Study Design And Participants
This was a prospective, single-center, observational study that took place at a tertiary care referral center
and university hospital in Cali, Colombia. We included patients diagnosed with SARS CoV-2 infection
according to the WHO criteria (2, 16) and hospitalized in the institution between April and August 2020.
SARS-CoV-2 infection was de�ned by detection of the virus with real-time reverse-transcription
polymerase chain reaction test (RT-qPCR) in samples from upper or lower respiratory tract.

Measurements
Demographic and clinical characteristics at baseline, laboratory results (arterial blood gases, blood
chemical analysis and cell count, renal function, C-reactive protein, lactate dehydrogenase, ferritin,
interleukin-6, �brinogen and coagulation parameters) and NEWS2 score at admission were measured. We
recorded the presence of various neurological symptoms at presentation: headache, anosmia/hyposmia,
ageusia/dysgeusia, seizures, disorientation, somnolence and loss of consciousness. In-hospital events,
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including admission to ICU, requirement of mechanical ventilation (MV), shock, and decision of
withdrawing life-sustaining treatment, were also recorded. Shock was de�ned according to the guidance
of WHO for the novel coronavirus disease 2019 (COVID-19) (2, 16).

The main outcome of interest was the incidence of delirium in patients with COVID-19 at any time during
their hospital stay. Delirium was de�ned by the CAM-ICU criteria assessed routinely in ICU by medical
staff (17, 18). Upon admission to general ward, all patients were assessed for delirium by study staff
using the same criteria. We also measured overall mortality and score on the modi�ed Rankin scale
(mRs) at admission and discharge.

Data Collection And Statistical Analysis:
Unusual or oddly-missing data was veri�ed with primary sources. Descriptive analysis was undertaken to
summarize patients’ characteristics and to identify the frequency of delirium and other outcomes of
interest. Continuous variables were assessed with the Shapiro-Wilk test and are described with mean and
standard deviation (SD) or median and inter-quartile range (IQR), as suited. For evaluating differences
between subgroups of interest, Student’s t or Mann-Whitney test were used according to data distribution.
Categorical variables are presented as absolute frequencies and proportions; differences between groups
regarding nominal variables were assessed with the x2 test, or Fisher’s test, as suited. All measures of
frequency and of association are reported with 95% con�dence intervals (95%CI); all hypotheses tests are
reported with their respective p value. All analyses were conducted in RStudio version 1.3.1 software.

Factors associated with delirium were explored through the comparison of known and potential
prognostic factors between patients with and without delirium. To avoid collinearity and maintain clinical
interpretation and usefulness, we assessed factors identi�able at admission separately from events that
occurred during hospitalization. Association of neurological symptoms and development of delirium was
assessed for each neurological symptom individually and also as the presence of any neurological
symptom. Given the objective of assessing an association and controlling for confounding factors, all
logistic regression models used for multivariate analyses followed a purposeful variable selection
process, as described by Hosmer and Lemeshow (19): all variables with p < 0.2 in the Wald test and those
of particular clinical interest are included in an initial model which is then reduced in an iterative process
where covariates are removed from the model if they are non-signi�cant and not a confounder. Level of
signi�cance is alpha = 0.1 and confounding is considered with an estimate change greater than 20%
when compared to the full model; then any variable not selected for the original model is added back, one
at a time, to verify it is adequately excluded based on signi�cance, and the previous iterative process is
repeated to obtain the �nal model (19).

The mRs scores were compared between delirium patients and controls using the Mann-Whitney-
Wilcoxon test. To assess change in mRs scores between admission and discharge for each patient, the
Wilcoxon signed-rank test was used (non-parametric paired test). An mRs score > 2 was used as cut-off
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point for dichotomization of the scale into “disability” and “no or mild disability” to compare frequency of
immediate disability between groups.

Results
We included 333 patients that ful�lled selection criteria. Baseline clinical features are displayed in Table
1. Admission in�ammatory markers are presented in Table 2. Treatments received during hospitalization
according to the presence of delirium are displayed in Table 3. As shown, several treatments associated
with severity of COVID-19 were signi�cantly more frequent in patients with delirium. 50 patients died
during hospitalization (15.0%) and they were excluded from the analysis of delirium as primary outcome.
Decision to withdraw life sustaining therapies was applied in 22 non-delirium patients and 5 delirium
patients (8.0 vs 8.6%, p = 1).
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Table 1
Baseline clinical features

Characteristics Total Controls Delirium

n = 333 n = 275 n = 58

Age, median(IQR) 57.00 [45.00,
68.00]

56.00 [42.50,
66.00]

63.50 [57.00,
73.75]

Sex, male, n(%) 131 (39.3) 110 (40.0) 21 (36.2)

Obesity, n(%) 85 (25.5) 66 (20) 19 (32.8)

Healthcare worker, n(%) 17 (5.1) 15 (5.5) 2 (3.4)

Hypertension, n(%) 127 (38.1) 99 (36.0) 28 (48.3)

Diabetes Mellitus II, n(%) 65 (19.5) 43 (15.6) 22 (37.9)

Cognitive de�cit/dementia, n(%) 6 (1.8) 4 (1.5) 2 (3.4)

Epilepsy, n(%) 4 (1.2) 3 (1.1) 1 (1.7)

Motor de�cit, n(%) 3 (0.9) 2 (0.7) 1 (1.7)

mRs previous to disease, n(%)    

0 266 (79.9) 221 (80.4) 45 (8)

1 26 (7.8) 22 (8.0) 4 (6.9)

2 25 (7.5) 24 (8.7) 1 (1.7)

3 9 (2.7) 5 (1.8) 4 (6.9)

4 6 (1.8) 2 (0.7) 4 (6.9)

5 1 (0.3) 1 (0.4) 0 (0.0)

Upon admission:      

NEWS 2 score, median (IQR) 7.00 [4.00, 9.00] 7.00 [4.00, 9.00] 9.00 [7.25, 10.00]

Days since symptom onset, median
(IQR)

7.00 [4.00, 8.00] 7.00 [4.00, 9.00] 7.00 [5.00, 7.00]

Muscle weakness, n(%) 84 (25.3) 60 (21.9) 24 (21)

Headache, n(%) 68 (20.4) 65 (23.6) 3 (5.2)

Hyposmia or anosmia, n(%) 31 (9.3) 29 (10.5) 2 (3.4)

Dysgeusia or ageusia, n(%) 34 (10.2) 31 (11.3) 3 (5.2)

Seizures, n(%) 2 (0.6) 1 (0.4) 1 (1.7)

Desorientation, n(%) 13 (3.9) 9 (3.3) 4 (6.9)
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Characteristics Total Controls Delirium

n = 333 n = 275 n = 58

Glasgow Coma Scale < 14, n(%) 26 (7.8) 17 (6.2) 9 (15.5)

Any neurological symptom, n (%) 131 (39.3) 117 (42.5) 14 (20)

Table 2
In�ammatory markers at admission to hospital. N/L: Neutrophils/Lymphocytes. LDH: Lactate

Dehydrogenase. ALT Alanine-transferase. PT: prothrombin time. IL-6 inter-leukine 6
In�ammatory markers Controls Delirium p value

n = 275 n = 58

Platelet count, /µl 240 000 [179 500, 300 000] 232 500 [171 500, 315 000] 0.984

MMean platelet volume, � 10.10 [9.60, 10.80] 10.20 [9.50, 10.70] 0.867

Leucocyte count, /µl 8 340 [5 730, 11 800] 8 975 [6 980, 14 195] 0.148

Neutrophil count, /µl 6 150 [4 140, 9 580] 7 500 [5 350, 11 745] 0.012

Lymphocyte count, /µl 1080 [790, 1575] 935 [700, 1265] 0.015

N/L index 5.71 [3.09, 11.01] 8.30 [5.24, 12.88] 0.002

C reactive protein, mg/dl 9.78 [3.81, 19.21] 15.62 [10.01, 27.13] < 0.001

LDH, mg/dl 332.00 [242.00, 450.00] 473.00 [390.50, 588.00] < 0.001

ALT, mg/dl 37.75 [21.12, 62.05] 33.50 [24.90, 55.90] 0.602

PT, s 13.10 [12.30, 14.20] 13.05 [12.10, 13.90] 0.432

Fibrinogen, mg/dl 539.00 [404.00, 655.00] 507.50 [421.75, 681.25] 0.862

D dimer, mg/dl 0.87 [0.51, 1.50] 1.28 [0.78, 2.59] 0.003

Ferritine, mg/dl 979.00 [484.00, 1806.00] 1177.00 [652.25, 1753.50] 0.19

IL-6, 27.05 [8.12, 86.45] 44.90 [11.20, 129.00] 0.284
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Table 3
Treatments received during in-hospital stay, univariate analysis of its association with delirium. *: In the
multivariate analysis, only mechanical ventilation remained signi�cantly associated with delirium, and
the regression model was consistently reduced to only mechanical ventilation, with an estimated OR:

11.72, (95%CI: 4.16–34.23). **: Calculated among intubated patients only (n of patients without
delirium and mechanical ventilation)

Treatments Delirium p
value

No (n = 275) Yes (n = 58)

ICU admission, n (%) 163 (22) 54 (93.1) < 
0.001

Mechanical ventilation*, n (%) 78 (28.4) 48 (82.8) < 
0.001

Opioid administration, n (%) 79 (28.7) 48 (82.8) < 
0.001

Hypnotic administration, n (%) 80 (29.1) 48 (82.8) < 
0.001

Neuromuscular blocker, n (%) 78 (28.4) 48 (82.8) < 
0.001

Days of mechanical ventilation**,
median [IQR]

9.00 [5.00, 13.75] 11.00 [7.00,
14.00]

0.091

Tracheostomy, n (%) 9 (11.5) 12 (25.0) 0.085

Shock, n (%) 74 (26.9) 41 (70.7) < 
0.001

Hydroxychloroquine, n (%) 41 (14.9) 9 (15.5) 1

Dexamethasone or
Methylprednisolone, n (%)

213 (8) 53 (23) 0.026

Tocilizumab, n (%) 5 (1.8) 3 (5.2) 0.296

No-CPR order, n (%) 22 (8.0) 5 (8.6) 1

Delirium was detected in 58 (17.42%) patients (95% CI: 13.62% – 21.77%) and presented at a median of
16 (IQR: 11 − 20) days after symptom onset. Delirium occurred after mechanical ventilation in most
patients (46/48 patients with MV). Among all the patients who exhibited delirium, 54 (93.1%) required
management in the ICU. Reasons other than mechanical ventilation for ICU admission were low
PaO2/FiO2 with signs of respiratory distress in �ve patients, and isolated shock in one patient. Patients
with delirium were older, reported muscular weakness more often, had a higher NEWS2 score at
admission, and had more comorbidities, with a higher prevalence of diabetes mellitus. Parkinson disease
was present in two cases, both of which had delirium. Twenty-six patients presented with altered
consciousness, as indicated by GCS < 14, and later had higher incidence of delirium (34.6%). Table 3
displays the results of multivariate analysis to identify clinical features upon admission that were
associated with delirium; which main �ndings are the association of delirium with increasing age,



Page 10/18

Diabetes Mellitus II, muscle pain or weakness, and COVID-19 severity as assessed by NEWS2 score.
Multivariate analysis of hospitalization events and treatments was consistently reduced to a model that
only included mechanical ventilation as a signi�cant covariate (Table 4). The association between need
for mechanical ventilation and delirium development was estimated at OR = 11.72, 95%CI = (4.16–34.23).

Table 4
Factors at admission associated with delirium, from

multivariate analysis.
Variables OR 95% CI

Age (per year) 1.03 1.01 ; 1.05

Sex, masculine 0.94 0.48 ; 1.79

Diabetes Mellitus II 2.47 1.24 ; 4.88

Any neurological symptom 0.47 0.23 ; 0.92

Muscle pain/weakness 2.02 1.05 ; 3.86

NEWS 2 score 1.21 1.09 ; 1.35

Delirium also affected outcomes in survivors (Table 5): patients who developed delirium had a higher
frequency of functional impairment according to the mRs > 2 (70.7% vs 24.7%, p < 0.001) and had a
prolonged ICU stay (median 13 days, IQR 8–21 vs median 5, IQR 3–10 days, p < 0.0001) and in-hospital
stay (median 20 days, IQR 11–31 vs median 6, IQR 4–12 days, p < 0.0001) compared to patients without
delirium.

Table 5. Comparison of the modi�ed Rankin score before and after hospitalization for COVID-19
according to delirium status. Patients with and without delirium were not different in mRs scores at
admission. Both groups of patients presented a deterioration of their functional status as evidenced by
mRs change in each group after hospitalization (from Wilcoxon signed rank test), but delirium patients
had a signi�cantly worse functional outcome than controls (from Mann-Whitney-Wilcoxon test).
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Discussion
This study measured the incidence of delirium in hospitalized COVID-19 patients and explored associated
risk factors. A considerable frequency of delirium (17.42%) was encountered and a signi�cant
association with patient severity, diabetes mellitus and -most notably- the need of mechanical ventilation
was found. Mechanical ventilation appears to be the single most important precipitating factor for
delirium development.

Previous studies that have measured delirium in COVID-19 have reported higher frequencies, mainly due
to difference in patient selection (12, 24) since they included only ICU patients. Severity of COVID-19,
evidenced by higher NEWS2 score and the need of ICU hospitalization, is associated to higher incidence
of delirium, as reported before (24). In our patients, delirium was associated with older age, as described
in previous studies in critically-ill patients, either with COVID-19 (25) or in other settings (26, 27).

Comorbidities have been reported as risk factor for delirium on previous COVID-19 series (27, 28) and in
general ICU population (29, 30). In our cohort diabetes mellitus type 2 was the comorbidity with the
strongest association to delirium. Other comorbidities such as obesity and arterial hypertension appeared
to be associated to delirium in bivariate analysis but the trend was not maintained in multivariate
analysis. Obesity, although slightly more frequent among delirium patients, was not associated to
delirium either. Parkinson’s disease was present in only two patients; both of them developed delirium
during hospitalization. Other authors have reported delirium in patients with dementia (27, 28), in
smokers (15) or in patients with a higher number of comorbidities (31). In our cohort only seven patients
had a baseline cognitive de�cit. Although most of them had severe disease, this condition was not
associated with delirium.

Functional status before admission was poor in delirium patients, indicating a diminished physiological
reserve to face the disease and the hospitalization. This decreased autonomy could be the result of a
decreased cognitive status or a compromised physical capacity, both of which have been associated to
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delirium (25). Comorbidities and frailty are associated to the decrease in functional status, and they have
recently been found to be associated with a higher incidence of delirium among elderly people suffering
of COVID − 19 (25). We cannot be sure about the causes of decreased mRs in our series upon discharge
and its association with delirium. Our delirium patients were older and had a higher incidence of arterial
hypertension and diabetes mellitus type II, which are presumably associated with frailty and a decreased
functionality (32, 33).

The association of neurological symptoms at admission and delirium has not been widely explored,
Ticinesi reports an association of neuropsychiatric entities (dementia and epilepsy) with subsequent
delirium (28). By contrast, we found a negative association between the presence of any neurologic
symptom and the occurrence of delirium. This was particularly notable with headache at admission,
which was more frequent in patients who did not develop delirium; and happened to a lesser extent with
anosmia/hyposmia and dysgeusia, which were all less frequent among patients who developed delirium
although no signi�cant association was found on multivariate analysis. Interestingly, Amanat et al., in a
series of 873 patients, found a high incidence of neurological manifestations both early and late in the
course of disease; they report a negative association between headaches and severity of COVID-19 (34)
in consonance with our �nding.

Muscle weakness, by contrast, was strongly associated with a higher incidence of delirium. To our
knowledge, this is the �rst report of such association. We speculate that muscle weakness is a sign of
skeletal muscle impairment; This damage is shared by the respiratory muscles and ultimately leads to
respiratory failure, later associated with need of mechanical ventilation, which, besides involving the use
of opioids and hypnotics, increases the time and extent of physical dependence, routine disruption, and
social isolation; all factors that increase the risk of delirium (35).

Delirium is thus more frequent among patients admitted to ICU that tend to accumulate most of the
factors associated with this condition: most had mechanical ventilation and sedation for several days,
and some developed shock or required tracheostomy. Mechanical ventilation as a marker of disease
severity (hypoxia, in�ammation, and organ failure) and a therapeutic maneuver linked to sedation, is
accompanied by the greater disruption of social links, autonomy and circadian rhythm, all factors
associated with delirium (35). In our series, mechanical ventilation was always accompanied by sedation
based on a protocol of hypnosis with midazolam and analgesia with fentanyl, making it di�cult to
identify which one of these two drugs has a stronger association with delirium. The effects of these
drugs are to be considered as part of the association between mechanical ventilation and delirium.

Our previous evaluation of delirium among ICU patients found a higher prevalence of delirium (29.7%) in
a general population of critically ill patients with a variety of medical and surgical conditions that
required ICU admission (36). That assessment included patients with a lesser severity of respiratory
failure and, perhaps, a minor in�ammatory status, but the sedation used was deeper and longer than it is
currently in use. Furthermore, our cohort of COVID-19 patients, also considered patients from the general
ward and we used one test (CAM-ICU) applied by trained physicians to patients, when the medical staff
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suspected delirium. The incidence of delirium when considering only the sub-group with ICU admission
was 24.9%; consistent with previously reported frequencies of delirium in ICU patients either during or
before the COVID-19 pandemic (28, 36). We may have missed cases of delirium since patients underwent
only one delirium assessment as part of the study and the diagnosis could be missed, although it is
unlikely given that patients underwent daily routine assessments by study staff in ICU and general ward.

The severity of the SARS-CoV-2 infection has been linked to a signi�cant in�ammatory state, in the same
way we found that higher serum levels of in�ammatory markers such as lactic dehydrogenase, C-reactive
protein, neutrophil/lymphocyte index and D dimer were associated to the development of delirium
(Table 2). Other authors have linked the pathogenesis of delirium to the in�ammatory state both in
COVID-19 (13) and other forms of ICU admission (37).

D dimer is associated with intravascular coagulation and venous thromboembolism in COVID-19 (38)
and other clinical situations (39) and it is considered a marker of disease severity (40). Our �ndings open
the way to further study the roll of micro-thrombosis in the pathogenesis of delirium, as proposed by
MacLullich (37). On the other hand, it has been proposed that in�ammatory mediators promote the
activation of endothelial cells of the brain vasculature; consequently, they secrete soluble prostaglandins
into the brain parenchyma leading to brain disfunction activation of neural center by afferences of vagus
nerve (37). Our data suggest that the presence of in�ammatory mediators participates in the genesis of
cognitive dysfunction in COVID − 19 patients.

Functionality of patients at discharge (mRS) was affected by delirium re�ecting either the higher severity
of disease or the impact of delirium in cognition and functionality after acute illness. As a consequence,
less patients in the delirium group could be discharged home, and had to go to other hospices or
rehabilitation units. This relationship has been already reported in COVID-19 patients (41) and has been
previously recognized in other settings (35). The relationship between delirium and mortality could not be
explored in this study since most deaths occurred in mechanically ventilated patients for whom delirium
assessment would have occurred after extubation. Therefore, estimation of the association between
death and delirium would be biased towards survival among delirium patients.

Our study has multiple strengths which comprise the inclusion of consecutive patients, high quality of the
recorded data and the application of a standardized delirium assessment performed by trained
physicians that employed the CAM-ICU criteria for diagnosis. It is to be noted that the study site was not
overwhelmed by the in�ux of COVID-19 patients, and did not suffer from shortages of medications or
protective equipment during the study period; an aspect to be considered for generalization of our results
to other scenarios during this pandemic.

Conclusions
Delirium continues to be a common entity among critically ill patients and has been reported in a very
high proportion of COVID-19 patients, suggesting that it is a characteristic of this disease. Our data show
that premorbid functional status is determinant in the risk of delirium during hospitalization as well as
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the severity of respiratory disfunction and the presence of in�ammatory markers. Consequently, we
believe that delirium is not specially related to SARS-CoV-2 infections, but rather its high frequency during
this pandemic is the result of concurring factors shared between critically-ill patients and severe COVID-
19 patients. The length of mechanical ventilation and hospitalization of COVID-19 patients appear to be
contributing to a higher frequency of delirium. The perception of a higher incidence of delirium must be
partly due to the accumulation of very severe patients in a short time period. Special attention should be
directed towards the known triggering factors of delirium to design management protocols that provide a
comprehensive approach directed to the prevention of encephalopathy in COVID-19 patients during the
pandemic.
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Figure 1

mRs score at discharge among patients with ICU admission according to presence of delirium. We
excluded patients with mRs 6, since most of them were not assessed for delirium.


