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Abstract

Background Delirium incidence and clinical correlates in coronavirus disease-19 (COVID-19) pneumonia are still poorly
investigated.

Aim To describe the epidemiology of delirium in patients hospitalized for suspect COVID-19 pneumonia during the pan-
demic peak in an academic hospital of Northern Italy, identify its clinical correlations and evaluate the association with
mortality.

Methods The clinical records of 852 patients admitted for suspect COVID-19 pneumonia, defined as respiratory symptoms
or fever or certain history of contact with COVID-19 patients, plus chest CT imaging compatible with alveolar-interstitial
pneumonia, were retrospectively analyzed. Delirium was defined after careful revision of daily clinical reports in accord-
ance with the Confusion Assessment Method criteria. Data on age, clinical presentation, comorbidities, drugs, baseline lab
tests and outcome were collected. The factors associated with delirium, and the association of delirium with mortality, were
evaluated through binary logistic regression models.

Results Ninety-four patients (11%) developed delirium during stay. They were older (median age 82, interquartile range,
IQR 78-89, vs 75, IQR 63-84, p <0.001), had more neuropsychiatric comorbidities and worse respiratory exchanges at
baseline. At multivariate models, delirium was independently and positively associated with age [odds ratio (OR) 1.093, 95%
confidence interval (CI) 1.046-1.143, p <0.001], use of antipsychotic drugs (OR 4.529, 95% CI 1.204-17.027, p=0.025),
serum urea and lactate-dehydrogenase at admission. Despite a higher mortality in patients with delirium (57% vs 30%), this
association was not independent of age and respiratory parameters.

Conclusions Delirium represents a common complication of COVID-19 and a marker of severe disease course, especially
in older patients with neuropsychiatric comorbidity.
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Introduction

Neurologic manifestations are increasingly described as part
of the clinical picture of patients with moderate or severe
coronavirus disease-19 (COVID-19), either at the onset or
during its course [1, 2]. Among these, delirium, defined as
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a disturbance of consciousness or cognitive function with
acute onset and fluctuating course, is widely known as one
of the commonest complications of hospitalization in older
patients also outside the context of the COVID-19 pandemic
(31.

Infections are frequently associated with delirium in older
patients, especially if they imply alterations of physiological
parameters and laboratory tests and are treated with the use
of invasive devices [4—6]. These precipitating factors are
common in patients hospitalized with pneumonia [7] and
have also been observed in patients with moderate or severe
COVID-19 [8]. In this disease, massive activation of inflam-
mation with cytokine storm, endothelial damage, increased
oxidative stress, hypoxemia and, probably, direct infection of
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the Central Nervous System (CNS) by Severe Acute Respir-
atory Syndrome Coronavirus-2 (SARS-CoV-2) can promote
the onset of encephalopathy, with delirious manifestations
especially in older frail multimorbid subjects and in those
with a history of dementia [8—10].

The older population has been particularly vulnerable
to SARS-CoV-2 infection, frequently developing severe
forms of COVID-19 with high mortality [11, 12]. In spite
of this epidemiology, at the moment of writing the associa-
tion of COVID-19 with delirium has been investigated only
sporadically [13], with some anecdotal reports of patients
presenting delirium as the first, and sometimes only, sign
of COVID-19 [8, 14, 15]. Thus, the incidence and clinical
correlations of delirium during hospital stay for COVID-19
are still poorly known. Moreover, the impact of delirium on
mortality, which is well established in ordinary practice [16],
is still unknown in the context of COVID-19.

The objective of this retrospective study was to assess the
incidence of delirium in a large number of patients hospital-
ized for COVID-19 in Northern Italy, verify its clinical cor-
relations and determine its impact on in-hospital mortality.

Methods
Study population and setting

This study was conducted at Parma University-Hospital, a
1200-bed teaching hospital with a primary catchment area
of 305,582 inhabitants in Northern Italy. Since February 28,
2020, the emergence of COVID-19 in Northern Italy has
forced our institution to face a massive overflow of patients
seeking care for suspect COVID-19. Diagnostic routes dedi-
cated to suspect COVID-19 patients, from the Emergency
Department (ED) to general and Intensive Care Unit (ICU)
wards, were rapidly instituted [17]. These routes included an
initial clinical evaluation in a respiratory pre-triage area of
the ED, chest Computed Tomography (CT) scan, and admis-
sion to COVID-19-dedicated wards for all patients with CT
signs compatible with the presence of alveolar-interstitial
pneumonia [17]. SARS-CoV-2 testing was performed imme-
diately after admission to wards [17].

The Geriatric-Rehabilitation Department of our Univer-
sity-Hospital was entirely reconverted to COVID-19 unit,
admitting a large number of patients who had just under-
gone chest CT testing and who showed clinical and radio-
logical features compatible with moderate or severe SARS-
CoV-2 infection. The wards of the Department were also
equipped with non-invasive ventilators and subintensive care
devices, to reduce the need for ICU beds. During the pan-
demic peak, the medical staff of the Department included
also non-geriatric and non-internist specialists, but the pro-
cedures were continuously supervised by the ward usual
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staff and remained consistent with those adopted before the
emergency.

We retrospectively analyzed the clinical records of 852
patients admitted to this clinical setting in March and April,
2020. Inclusion criteria were age > 18, admission from the
ED for suspect COVID-19, and absence of terminally-ill
state at the moment of admission. All patients still hospital-
ized at the moment of data collection were excluded from
the study.

Suspect COVID-19 was defined as presence of respira-
tory symptoms and/or fever and/or certain history of contact
with SARS-CoV-2 positive patients, plus chest CT imag-
ing showing abnormalities compatible with the presence of
alveolar-interstitial pneumonia.

Data collection

From each clinical record, we retrieved data on patient age,
gender, symptoms and their duration prior to ED assessment,
functional performance, comorbidities, number of chronic
medications, baseline vital signs, laboratory tests and chest
imaging. Vital signs included blood pressure, respiratory
rate, heart rate, oxygen saturation, oxygen flow support and
temperature, and were measured at the moment of ward
admission. Laboratory tests were performed within six hours
from ward admission and included blood cell count, creati-
nine, urea, sodium, potassium, C-reactive protein (CRP),
procalcitonin, aspartate and alanine-aminotransferase,
lactate-dehydrogenase, creatine-phosphokinase, D-dimer,
fibrinogen, activated partial thromboplastin time (APTT)
and prothrombin time (PT). The results of baseline arte-
rial blood gas analysis were also collected. The extension
of chest CT abnormalities in lung parenchyma was also
recorded, in compliance with the radiological protocol
adopted at our institution for the COVID-19 emergency [18].

The presence of delirium during stay in our ward was
carefully checked after review of daily reports and charts
on clinical records. The presence of delirium was classified
on a clinical basis, in compliance with the criteria of the
Confusion Assessment Method (CAM) tool, shortened ver-
sion: acute onset, inattention, impaired consciousness, dis-
organized thinking and fluctuating course [19]. The presence
of anxiety or agitation alone, if associated with subjective
breathlessness and severe respiratory failure, and not accom-
panied by alterations of consciousness or thinking, was not
considered as delirium, but instead a typical manifestation
of severe COVID-19. Following the everyday practice at our
institution, clinical records included at least one description
of patient consciousness, attention and appropriateness of
thinking per day, allowing to determine whether CAM cri-
teria were fulfilled or not.

The outcome of hospital stay (discharge, ICU admission
or death) was also recorded.
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Statistical analysis

Continuous variables were expressed as median and inter-
quartile range (IQR), after checking the non-normal distribu-
tion of values with the Kolmogorov—Smirnov test. Categori-
cal variables were expressed as percentages. The baseline
parameters were compared between patients who developed
delirium during hospital stay and those who did not using
Mann—Whitney test and chi-square test for crude compari-
sons, and analysis of covariance (ANCOVA) or binary logis-
tic regression for age- and sex-adjusted comparisons.

Stepwise binary logistic regression with forward selection
was then applied, to test which baseline clinical factors were
independently associated with the development of delirium
during hospital stay (dependent variable). Covariates were
selected among those factors showing a significant differ-
ence between patients with and without delirium at the uni-
variate analysis.

A multivariate logistic regression model, accounting for
relevant anamnestic and clinical variables at admission, was
also applied to verify whether delirium during hospital stay
was independently associated with increased mortality.

The analyses were performed with the SPSS program,
considering p values <0.05 as statistically significant.

Results

The study population included 852 patients (401 F, 451 M,
mean age 73 + 14), hospitalized for suspect COVID-19 in
March and April, 2020. Ninety-four patients (11% of the
sample, 42 F and 52 M) developed delirium during hospital
stay. A comparison of the main baseline features between
patients who developed delirium and patients who did
not is depicted in Table 1. Namely, patients with delirium
were older (median age 82, IQR 78-89, vs 75, IQR 63-84,
p <0.001), had less frequently cough (27% vs 47%, age- and
sex-adjusted p <0.01), more frequently atypical symptoms
such as syncope, postural instability and thoracic pain (26%
vs 16%, age- and sex-adjusted p=0.02), and had lower oxy-
gen saturation values in room air (median 90%, IQR 83-94,
vs 93%, IQR 88-95, age-and sex-adjusted p=0.049).

Patients who developed delirium had also a higher preva-
lence of dementia and epilepsy, and had lower functional
autonomy in daily activities (31% vs 63%, age- and sex-
adjusted p=0.02) (Table 1).

The main laboratory tests performed on the day of admis-
sion were not significantly different between patients with
and without delirium during hospital stay, except for lac-
tate dehydrogenase (median 448 IU/L, IQR 284-572, vs
333 TU/L, IQR 250-453, age- and sex-adjusted p=0.033)
and PaO,/FiO, ratio at arterial blood gas analysis (median

175, IQR 90-296, vs 257, IQR 148-357, age- and sex-
adjusted p=0.02) (Table 2).

A stepwise logistic regression model with forward selec-
tion, accounting for all clinical and laboratory variables
showing differences at admission between patients with or
without delirium, showed that the development of delirium
during hospital stay was positively associated with age, his-
tory of epilepsy, use of vasodilators and antipsychotics as
chronic medications, blood urea and LDH (Table 3). The
use of antipsychotic drugs was significantly associated with
a history of dementia (f+SE 3.21 +0.31, p<0.001), and
delirium superimposed on dementia was the most frequent
type detected in the studied population (38 cases out of 94,
40%).

Mortality was significantly higher in patients who devel-
oped delirium during hospital stay than in those who did not
(57% vs 30%, age- and sex-adjusted p <0.001). However, a
multivariate logistic regression model, accounting for mul-
tiple possible confounders, showed that delirium was not
independently associated with mortality (Table 4).

Discussion

Delirium represents a common complication of hospital
stay in patients with moderate and severe COVID-19. In
our population, delirium was associated with older age,
neurologic comorbidities including dementia and epilepsy,
atypical symptoms of COVID-19 and worse gas exchange
at the moment of admission. Delirium was also associated
with dramatic increase in mortality, but this association was
not independent of respiratory conditions.

This study represents one of the earliest reports on the
epidemiology and clinical correlations of delirium in moder-
ate and severe COVID-19. The findings confirm the assump-
tion that delirium is a common complication of hospital stay
during the clinical course of COVID-19, especially in older
patients with neurologic comorbidities [13]. Thus, diagnosis
and adequate management of delirium should be a funda-
mental part of clinical protocols for the care of patients with
moderate or severe forms of COVID-19.

The incidence of delirium in our population was, how-
ever, lower (11%) than that predicted for COVID-19 [13]
and that previously reported in large multicenter studies con-
ducted in the pre-COVID era in both general medical wards
and ICUs (>20%) [4, 20]. There are, however, important
fluctuations in the reported incidence of delirium among
different clinical settings and populations of hospitalized
patients, and an incidence of 11% is similar to that previ-
ously reported in a multicenter study of internal medicine
wards in Italy [21]. On the other side, studies conducted
in an ICU setting showed that patients with critical illness
and respiratory failure due to sepsis have an incidence of
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Table 1 Demographic, anamnestic and clinical characteristics of patients with suspect COVID-19 at hospital admission, categorized according
to the development of delirium during hospital stay

Patients without delirium  Patients with delirium p p* Odds ratio (95% confi-
(n758) (n94) dence interval)
Demography
Age, years 75 (63-84) 82 (78-89) <0.001 -
Female gender, n (%) 360 (47) 42 (45) 0.606 -
Symptoms before emergency department arrival
Cough, n (%) 350 (47) 25 (27) <0.001 0.009 0.520 (0.318-0.852)
Dyspnea, n (%) 404 (54) 63 (67) 0.015 0.165 1.391 (0.873-2.217)
Fever, n (%) 616 (82) 79 (84) 0.630 0.089 1.683 (0.924-3.068)
Fatigue, n (%) 77 (10) 3(3) 0.027 0.098 0.367 (0.112-1.205)
Atypical symptoms?, n (%) 117 (16) 24 (26) 0.015 0.020 1.859 (1.104-3.132)
Duration of symptoms, days 7 (4-10) 6 (3-7) 0.050 0.722
Vital signs at emergency department triage
Temperature, degrees 36.7 (36.0-37.5) 36.4 (36.0-37.2) 0.028 0.257
Peripheral oxygen saturation in room air, % 93 (88-95) 90 (83-94) <0.001 0.049
Comorbidities and functional performance
Chronic comorbidities, number 3(14) 3 (2-5) <0.001 0.812
Hypertension, n (%) 433 (57) 65 (69) 0.027 0.985 1.005 (0.619-1.632)
Diabetes, n (%) 156 (21) 23 (25) 0.357 0.767 0.925 (0.551-1.552)
Heart disease, n (%) 204 (27) 32 (34) 0.147 0.448 0.830 (0.514-1.342)
Cancer, n (%) 119 (16) 11 (12) 0.307 0.221 0.656 (0.334-1.289)
Chronic kidney disease, n (%) 59 (8) 16 (17) 0.003 0.099 1.685 (0.907-3.128)
COPD, n (%) 82 (11) 20 (21) 0.003 0.127 1.553 (0.882-2.736)
Stroke, n (%) 43 (6) 11 (12) 0.024 0.361 1.400 (0.680-2.882)
Epilepsy, n (%) 19 (3) 6 (6) 0.036 0.039 2.845 (1.052-7.694)
Vascular encephalopathy, n (%) 54 (7) 13 (14) 0.023 0.594 1.201 (0.612-2.358)
Dementia, n (%) 118 (16) 38 (40) <0.001 <0.001 2.427 (1.433-4.110)
Autonomy in daily activities, n (%) 474 (63) 29 (31) <0.001 0.020 0.517 (0.296-0.902)
Chronic medications®
Drugs, number 4 (1-6) 5(3-8) <0.001 0.376
ARB, n (%) 67 (9) 17 (18) 0.008 0.096 1.720 (0.909-3.255)
Vasodilators, n (%) 13(2) 6(7) 0.003 0.009 4.061 (1.418-11.620)
Anti-platelet agents, n (%) 222 (30) 37 (42) 0.024 0.704 1.095 (0.685-1.751)
Antidepressants, n (%) 130 (17) 27 (30) 0.003 0.126 1.499 (0.893-2.516)
Antipsycotics, n (%) 52 (7) 15 (17) 0.001 0.039 1.982 (1.034-3.802)
Chest CT findings®
Ground-glass opacities, n (%) 659 (92) 85 (99) 0.025 0.032 8.936 (1.204-66.310)
Consolidations, n (%) 468 (66) 58 (67) 0.752 0.751 1.083 (0.664-1.765)
Lung parenchyma extension, % 30 (20-50) 38 (25-60) 0.020 0.128
SARS-CoV-2 testing on admission®
RT-PCR positive for SARS-CoV-2, n (%) 480 (67) 65 (75) 0.137 0.264 1.319(0.812-2.144)

Data are shown as median and interquartile range or percentages. Crude comparisons were made with Mann—Whitney test or chi-square test, as

appropriate

Significant p values and corresponding odds ratios are indicated in bold

COPD Chronic Obstructive Pulmonary Disease, ARB Alpha Receptor Blockers, CT Computed Tomography, SARS-CoV-2 Severe Acute Respira-
tory Syndrome CoronaVirus 2, RT-PCR Reverse Transcriptase Polymerase Chain Reaction

*p adjusted for age and sex with ANCOVA or binary logistic regression

 Atypical symptoms include thoracic pain, syncope and postural instability

®Information available for 745 patients without delirium and 89 patients with delirium

“Information available for 715 patients without delirium and 86 patients with delirium

YInformation available for 739 patients without delirium and 92 patients with delirium
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Table 2 Laboratory . Patients without delirium  Patients with delirium p p*

characterlstlcs of patients (n758) (n94)

with suspect COVID-19 at

hospital admission, categorized Arterial blood gas analysis

according to the development of iy 7.45 (7.41-7.47) 7.43 (7.40-7.48) 0.250 0.783

delirium during hospital stay
HCO;~, mmol/L 25 (23-27) 24 (22-27) 0.081 0.451
pCO,, mmHg 36 (33-40) 36 (31-40) 0.209 0.604
pO,, mmHg 75 (62-94) 70 (55-88) 0.032 0.053
pO,/FiO, 257 (148-357) 175 (90-296) <0.001 0.020

Clinical chemistry and haematology

Haemoglobin, g/dl 13.4 (12.0-14.6) 13.7 (11.9-14.8) 0.540 0.200
White blood cells, 1000/mm? 6.73 (5.00-9.33) 7.41 (5.43-9.97) 0.116 0.953
Platelets, 1000/mm> 208 (163-268) 220 (173-273) 0.198 0.132
Creatinine, mg/dl 0.9 (0.7-1.2) 1.0 (0.8-1.5) 0.003 0.796
Urea, mg/dl 43 (31-69) 68 (45-117) <0.001 0.051
Sodium, mEq/L 138 (135-140) 139 (135-143) 0.020 0.157
Potassium, mEq/L 4.0 (3.7-4.3) 4.0 (3.6-4.4) 0.842 0.233
Creatine-phosphokinase, IU/L 125 (65-236) 214 (100-514) <0.001 0.062
Lactate-dehydrogenase, IU/L 333 (250-453) 448 (284-572) <0.001 0.033
Aspartate aminotransferase, IU/L 43 (29-64) 53 (35-77) 0.020 0.157
Alanine aminotransferase, [U/L 28 (19-47) 25 (16-43) 0.273 0.901
D-Dimer, ng/ml 1020 (636-1998) 1455 (1015-4284) <0.001 0.072
INR ratio 1.21 (1.13-1.35) 1.21 (1.11-1.35) 0.895 0.389
aPTT ratio 0.98 (0.90-1.08) 0.96 (0.87-1.07) 0.162 0.490
Fibrinogen, mg/dl 596 (480-730) 581 (486-916) 0.725 0.482
C-reactive protein, mg/L 96 (41-154) 125 (63-191) 0.005 0.141
Procalcitonin, ng/ml 0.16 (0.07-0.48) 0.24 (0.15-0.74) 0.002 0.328

Table 3 Results of a stepwise
logistic regression model with
forward selection, testing

the anamnestic and clinical
factors at hospital admission
independently associated with
the development of delirium
in a group of 852 patients with
suspect COVID-19 pneumonia

Data are shown as median and interquartile range. Crude comparisons were made with Mann—Whitney

test, as appropriate

Significant p values are indicated in bold
*p adjusted for age and sex with ANCOVA

*

Odds ratio 95% Confidence interval P
Age, years 1.093 1.046-1.143 <0.001
History of epilepsy 12.470 2.324-66.922 0.003
Chronic use of antipsychotic drugs 4.529 1.204-17.027 0.025
Chronic use of vasodilators 10.039 1.298-77.647 0.027
Urea, mg/dl 1.011 1.004-1.019 0.003
Lactate dehydrogenase, IU/L 1.003 1.001-1.005 0.001

*QOther variables considered in the forward selection: gender, symptoms before Emergency Department
arrival, vital signs at Emergency department triage, number of chronic comorbidities, dementia, stroke,
vascular encephalopathy, hypertension, number of drugs, use of antidepressants, use of antiepileptic drugs,
lung parenchyma extension of abnormalities at chest CT, blood levels of creatinine, aspartate aminotrans-
ferase, creatinephosphokinase, C-reactive protein, procalcitonin at admission

Significant p values are indicated in bold

delirium up to 70% [22]. This difference can probably be
explained by the different demography of patients hospital-
ized during the COVID-19 pandemic, that were in average
younger, less disabled and with lower number of chronic
comorbidities than patients that are generally admitted to

medical and geriatric wards [4]. Some atypical character-
istics of the respiratory failure associated with COVID-19
pneumonia, with relatively low prevalence of subjective
dyspnea in spite of impaired respiratory exchanges, could

also be involved [23].
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Table 4 Results of a

L. o . Odds ratio 95% Confidence interval

multivariate logistic regression

model, exploring the factors Age, years 1.070 1.035-1.105 <0.001

?ﬁii:ﬁfi&g;uﬁﬁg n Number of chronic comorbidities 1.193 1.014-1.403 0.034

patients admitted with suspect Pa0,/FiO, at admission 0.990 0.986-0.994 <0.001

COVID-19 pneumonia Lactate dehydrogenase at admission, [U/L 1.003 1.001-1.006 0.005
Gender (female vs male) 0.851 0.454-1.598 0.616
Symptom duration before visit, days 0.945 0.883-1.012 0.106
Chest CT visual scoring extension, % 1.003 0.985-1.020 0.776
D-dimer at admission, ng/ml 1.000 1.000-1.000 0.429
C-reactive protein at admission, mg/L 1.002 0.997-1.007 0.443
Creatinine at admission, mg/dl 1.362 0.890-2.085 0.154
Delirium during hospital stay 1.231 0.554-2.738 0.610

Significant p values are indicated in bold

The context of the COVID-19 pandemic peak, with a
large number of patients seeking hospital care in a limited
time lapse, should also be considered as a factor favoring
underreporting of delirium, especially when the admission is
not performed in geriatric wards. In such contexts, a compre-
hensive geriatric assessment is hardly ever performed, and
may be unfeasible in case of extreme patient overflow. This
is also the main reason why prevalent delirium, i.e., already
present on patient admission, was not a focus of the present
study, since data on patients’ mental status at ED evaluation
before ward admission were unavailable for the majority of
participants.

However, patients with severe forms of COVID-19 pneu-
monia may also experience agitation as a direct consequence
of breathlessness and fever [24]. These manifestations, if
not associated with altered consciousness and disorganized
thinking, do not represent delirium and do not fulfil CAM
criteria, but require the administration of sedative drugs
increasing themselves the risk of delirium [22]. Therefore,
an accurate assessment of delirium in severe COVID-19
patients can be challenging, and this circumstances should
be considered as the main limitation of the present retrospec-
tive study.

Moreover, the CAM criteria have been validated as a live
assessment tool and not for retrospectively evaluating clini-
cal records. The CAM criteria have already been used for a
retrospective evaluation of the presence of delirium in nurs-
ing homes, but in this setting many more neuropsychological
variables were available [25]. Thus, the peculiar methodol-
ogy of delirium assessment could also have contributed to
its underreporting in the present investigation.

The association of delirium with older age and neurologic
comorbidities, namely dementia, is well known in the litera-
ture, and the diagnostic category of delirium superimposed
on dementia is being increasingly studied [26, 27]. COVID-
19-associated respiratory failure and, possibly, direct infec-
tion of the central nervous system by SARS-CoV-2, may be
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particularly effective in unmasking the deliriogenic potential
of dementia [8]. This situation may pose further diagnos-
tic dilemmas, since the clinical manifestations of delirium
superimposed on dementia are sometimes difficult to distin-
guish from the usual symptoms of dementia, especially in
clinical contexts, where the personnel lacks geriatric training
[26, 27]. Moreover, the treatment of delirium superimposed
on dementia in COVID-19 patients should be evaluated care-
fully, since many sedative drugs may contribute to worsen
the respiratory failure and interact with QT-prolonging
drugs, such as hydroxychloroquine and azithromycin, that
are often prescribed for the treatment of SARS-COV-2 infec-
tion [28].

The association of serum lactate-dehydrogenase and urea
with delirium in COVID-19 underlines the importance of
peripheral perfusion and dehydration as precipitating fac-
tors of delirium. In severe forms of COVID-19 pneumonia,
a viral sepsis may occur, with impaired perfusion of organs
including the central nervous system [29]. This pathophysio-
logical mechanism may be involved also in the development
of delirium, and should be carefully considered when taking
care for COVID-19 patients. Additionally, the COVID-19
pneumonia is associated with a high risk of dehydration and
pre-renal acute kidney failure, due to negative fluid balance
caused by fever, tachypnea and oxygen supply. The asso-
ciation of dehydration with delirium is well established in
elderly patients [30], and fluid balance should be optimized
in COVID-19 pneumonia also to avoid the development of
delirium.

In ordinary practice, delirium is associated with increased
risk for adverse outcomes [16]. Despite in our case series
incident delirium was indeed associated with a significantly
higher mortality, this association was not independent of
age, multimorbidity and baseline respiratory conditions
(Table 4). From this perspective, in patients with COVID-
19 pneumonia, delirium should be considered as a marker
of disease severity, rather than an independent predictor of
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death. However, the possible additive effect of incident delir-
ium on mortality could also have been masked by the strong
association of age and severe COVID-19 clinical presen-
tation with both incident delirium and mortality. Thus, in
older patients with severe COVID-19, preventive measures
to avoid the onset of delirium should be made effective.
Older patients with COVID-19 pneumonia should ideally
be treated in COVID units with geriatric expertise [31, 32].
Geriatric expertise is in fact extremely important for an ade-
quate management of complications that are typical of older
patients even in the context of a novel infectious disease such
as COVID-19.

Besides the issues that could have led to delirium under-
reporting, some other limitations of our study should be
additionally considered when interpreting results. The ret-
rospective design of the study and the emergency context
of patient care prevented the collection of complete data
regarding delirium subtypes, timing of onset and therapeu-
tic strategies. It was also not possible to test associations
between sedative drugs administered during hospital stay
and the development of delirium. Patients with cognitive
impairment and those who experienced delirium may also
have reported previous symptoms related to COVID-19 in
incomplete way. Finally, a formal comprehensive geriatric
assessment, considering the cognitive conditions of patients,
was not performed due to the elevated flows of patients that
were admitted during the pandemic peak.

In spite of these limitations, this study represents one of
the first reports of delirium epidemiology and clinical cor-
relates in a large group of patients hospitalized with COVID-
19 pneumonia, confirming that delirium is one of the main
complications of the severe forms of this novel disease.
Future studies, with sounder design, should better evaluate
the clinical characteristics of patients developing delirium
during COVID-19 pneumonia and the possible management
strategies.

Conclusions

In patients hospitalized with suspect COVID-19 pneumonia
during the pandemic peak, delirium was a common com-
plication of stay, associated with older age, neurological
comorbidities and higher serum urea and lactate-dehydro-
genase levels at admission. Delirium was associated with
a higher mortality, but this association was not independ-
ent of age and respiratory exchanges at admission, making
it a marker of severe COVID-19, rather than a prognostic
factor. Clinicians caring for COVID-19 patients should be
aware of the risk of delirium and be trained into its optimal
management.

Acknowledgements The authors wish to thank Dr Ilaria Zanichelli for
assistance in protocol writing and Dr. Dario Magnani for assistance in
data collection.

Author contributions AT, AP, MM, FL and TM conceived and
designed the study; AT, NC, AP, AN and BP performed the investiga-
tion and collected data; AG analyzed the data; AT wrote the manu-
script; MM and FL revised the manuscript for substantial content; TM
provided supervision.

Funding Open access funding provided by Universita degli Studi di
Parma within the CRUI-CARE Agreement.

Compliance with ethical standards

Conflict of interest The authors declare no conflict of interest.

Ethical approval The study protocol was approved by the local Ethics
Committee (ID 273/2020/0SS/AOUPR) as part of a larger retrospec-
tive project on the clinical course of COVID-19.

Informed consent Informed consent was collected whenever possible.
In other cases, the collection was waived in compliance with the Italian
regulations for retrospective studies and due to the emergency situation
associated with the COVID-19 pandemic.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Mao L, Jin H, Wang M et al (2020) Neurologic manifestations of
hospitalized patients with coronavirus disease 2019 in Wuhan,
China. JAMA Neurol 77:683-690

2. Helms J, Kremer S, Merdji H et al (2020) Neurologic features in
severe SARS-CoV-2 infection. N Engl J Med 382:2268-2270

3. Inouye SK, Westendorp RG, Saczynski JS (2014) Delirium in
elderly people. Lancet 383:911-922

4. Bellelli G, Morandi A, Di Santo SG et al (2016) “Delirium Day™:
a nationwide point prevalence study of delirium in older hospi-
talized patients using an easy standardized diagnostic tool. BMC
Med 14:106

5. Ahmed S, Leurent B, Sampson EL (2014) Risk factors for incident
delirium among older people in acute hospital medical units: a
systematic review and meta-analysis. Age Ageing 43:326-333

6. Bowman K, Jones L, Masoli J et al (2020) Predicting incident
delirium diagnoses using data from primary-care electronic health
records. Age Ageing 49:374-381

7. Faverio P, Aliberti S, Bellelli G et al (2014) The management of
community-acquired pneumonia in the elderly. Eur J Intern Med
25:312-319

@ Springer


http://creativecommons.org/licenses/by/4.0/

2166 Aging Clinical and Experimental Research (2020) 32:2159-2166
8. Beach SR, Praschan NC, Hogan C et al (2020) Delirium in 21. Fortini A, Morettini A, Tavernese G et al (2014) Delirium in
COVID-19: a case series and exploration of potential mechanisms elderly patients hospitalized in internal medicine wards. Intern
for central nervous system involvement. Gen Hosp Psychiatry Emerg Med 9:435-441
65:47-53 22. Girard TD, Thompson JL, Pandharipande PP et al (2018) Clini-
9. Benussi A, Pilotto A, Premi E et al (2020) Clinical character- cal phenotypes of delirium during critical illness and severity of
istics and outcomes of inpatients with neurologic disease and subsequent long-term cognitive impairment: a prospective cohort
COVID-19 in Brescia, Lombardy, Italy. Neurology. https://doi. study. Lancet Respir Med 6:213-222
org/10.1212/WNL.0000000000009848 23. Li LQ, Huang T, Wang YQ et al (2020) COVID-19 patients’
10. Bianchetti A, Rozzini R, Guerini F et al (2020) Clinical presen- clinical characteristics, discharge rate, and fatality rate of meta-
tation of COVID19 in dementia patients. ] Nutr Health Aging analysis. ] Med Virol 92:577-583
24:560-562 24. Lovell N, Maddocks M, Etkind SN et al (2020) Characteris-
11. Onder G, Rezza G, Brusaferro S (2020) Case-fatality rate and tics, symptom management, and outcomes of 101 patients with
characteristics of patients dying in relation to COVID-19 in Italy. COVID-19 referred for hospital palliative care. J Pain Symptom
JAMA 323:1775-1776 Manage 60:¢77-e81
12. Grasselli G, Zangrillo A, Zanella A et al (2020) Baseline char- 25. Dosa D, Intrator O, McNicoll L et al (2007) Preliminary deriva-
acteristics and outcomes of 1591 patients infected with SARS- tion of a nursing home Confusion Assessment Method based on
CoV-2 admitted to ICUs of the Lombardy Region, Italy. JAMA data from the minimum data set. ] Am Geriatr Soc 55:1099-1105
323:1574-1581 26. Morandi A, Davis D, Bellelli G et al (2017) The diagnosis of
13. O’Hanlon S, Inouye SK (2020) Delirium: a missing piece in the delirium superimposed on dementia: an emerging challenge. J
COVID-19 pandemic puzzle. Age Ageing 49:497-498 Am Med Dir Assoc 18:12-18
14. Tay HS, Harwood R (2020) Atypical presentation of COVID-19 27. Morandi A, Bellelli G (2020) Delirium superimposed on demen-
in a frail older person. Age Ageing 49:523-524 tia. Eur Geriatr Med 11:53-62
15. Alkeridy WA, Almaghlouth I, Alrashed R et al (2020) A unique 28. Lauretani F, Bellelli G, Pela G et al (2020) Treatment of delirium
presentation of delirium in a patient with otherwise asymptomatic in older persons: what we should not do! Int J Mol Sci 21:2397
COVID-19. J Am Geriatr Soc. https://doi.org/10.1111/jgs.16536 29. LiH, LiuL, Zhang D et al (2020) SARS-CoV-2 and viral sepsis:
16. Witlox J, Eurelings LSM, de Jonghe JFM et al (2010) Delirium observations and hypotheses. Lancet 395:1517-1520
in elderly patients and the risk of postdischarge mortality, institu- 30. Magny E, Le Petitcorps H, Poclumban M et al (2018) Predispos-
tionalization, and dementia. JAMA 304:443-451 ing and precipitating factors for delirium in community-dwelling
17. Meschi T, Rossi S, Volpi A et al (2020) Reorganization of a Large older adults admitted to hospital with this condition: a prospective
Academic Hospital to Face COVID-19 Outbreak: The Model of case-series. PLoS ONE 13:e0193034
Parma, Emilia-Romagna Region. Italy Eur J Clin Invest 50:13250 31. Koeberle S, Tannou T, Bouiller K et al (2020) COVID 19 out-
18. Sverzellati N, Milanese G, Milone F et al (2020) Integrated break: organization of a geriatric assessment and coordination
radiologic algorithm for COVID-19 pandemic. J Thorac Imaging unit. A French example. Age Ageing 49:516-522
35:228-233 32. Perrotta F, Corbi G, Mazzeo G et al (2020) COVID-19 and the
19. Inouye SK, van Dyck CH, Alessi CA et al (1990) Clarifying elderly: insights into pathogenesis and clinical decision-making.
confusion: the confusion: assessment method. A new method for Aging Clin Exp Res. https://doi.org/10.1007/s40520-020-01631-y
detection of delirium. Ann Intern Med 113:941-948
20. Krewulak KD, Stelfox HT, Parsons Leigh J et al (2018) Incidence Publisher’s Note Springer Nature remains neutral with regard to

and prevalence of delirium subtypes in an adult ICU: a systematic
review and meta-analysis. Crit Care Med 46:2029-2035

@ Springer

jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1212/WNL.0000000000009848
https://doi.org/10.1212/WNL.0000000000009848
https://doi.org/10.1111/jgs.16536
https://doi.org/10.1007/s40520-020-01631-y

	Delirium in COVID-19: epidemiology and clinical correlations in a large group of patients admitted to an academic hospital
	Abstract
	Background 
	Aim 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study population and setting
	Data collection
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements 
	References




