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Low molecular weight heparin in COVID-19 patients prevents
delirium and shortens hospitalization
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Abstract
Background COVID-19 patients present with delirium during their hospitalization.
Aims To assess the incidence of delirium in hospitalized COVID-19 patients and analyze the possible association with demo-
graphic, clinical, laboratory, and pharmacological factors.
Methods COVID-19 patients were assessed for clinical signs of delirium and administered the assessment test for delirium and
cognitive impairment (4AT) and the Confusion Assessment Method for the Intensive Care Unit (CAM-ICU) scales.
Results Out of the 56 patients of our cohort, 14 (25.0%) experienced delirium. The use of low molecular weight heparin
(LMWH) (enoxaparin 1 mg/kg/daily) was less frequent in patients with delirium (p = 0.004) and was accompanied by lower
C reactive protein (CRP) levels (p = 0.006).
Discussion The use of LMWH was associated with absence of delirium, independently of comorbidities and age.
Conclusions The use of LMWHmay help preventing the occurrence of delirium in COVID-19 patients, with possible reduction
of length of stay in the hospital and sequelae.
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Introduction

Coronavirus disease (COVID-19) represents an enormous
new threat to healthcare systems. As the infection has reached
the pandemic stage, it has become clear that the older popula-
tion is most vulnerable to severe respiratory infection with
increased mortality [1]. Delirium is a well-recognized compli-
cation of respiratory illness in older adults [2].

Delirium in hospitalized patients is a strong independent
predictor of mortality, increased hospital length of stay
(LOS), cognitive impairment in the long term, increased cost
of care, and subsequent hospitalizations [3].

Early studies indicate that 20–30% of COVID-19 patients
will present with or develop delirium during their hospitaliza-
tion, with rates of 60–70% in cases of severe illness [4].

Hospital management of COVID-19 involves precautional
isolation and contact with hospital staff mediated by personal
protective equipment, which can be depersonalizing and
frightening to the elderly, particularly those with underlying
cognitive impairment. Thus, the current management ap-
proach may exacerbate and prolong the duration of delirium,
with consequent poor outcomes and accelerated mortality.

In the present study, we assessed the incidence of delirium in
COVID-19 patients hospitalized in an internal medicine unit and
analyzed the possible association of delirium with demographic,
clinical factors and pharmacological interventions.

Methods

We followed COVID-19 patients with moderate symptoms
(positive swab for SARS-CoV-2 in patients with fever and/
or cough associated to CT scan with signs of interstitial pneu-
monia and/or to respiratory failure without need of mechanical
ventilation) admitted between April the 1st and the 15th 2020
to the COVID-19 Unit of SS. Annunziata Hospital, Chieti,
Italy, and followed until complete healing (remission of

* Laura Bonanni
l.bonanni@unich.it

1 Department of Medicine and Aging Sciences, University G.
d’Annunzio of Chieti-Pescara, Chieti, Italy

2 Department of Neuroscience, Imaging and Clinical Sciences,
University G. d’Annunzio of Chieti-Pescara, Chieti, Italy

https://doi.org/10.1007/s10072-020-04887-4

/ Published online: 13 November 2020

Neurological Sciences (2021) 42:1527–1530

http://crossmark.crossref.org/dialog/?doi=10.1007/s10072-020-04887-4&domain=pdf
https://orcid.org/0000-0001-5573-4536
https://orcid.org/0000-0003-0718-9929
https://orcid.org/0000-0002-9937-5923
https://orcid.org/0000-0003-3575-2942
https://orcid.org/0000-0002-7292-2341
https://orcid.org/0000-0003-2899-146X
https://orcid.org/0000-0002-0480-2495
https://orcid.org/0000-0002-5993-9341
https://orcid.org/0000-0001-7443-9233
mailto:l.bonanni@unich.it


clinical signs and two serial negative swab tests). The patients
were assessed for clinical signs of delirium and administered
the assessment test for delirium & cognitive impairment
(4AT) and the Confusion Assessment Method for the
Intensive Care Unit (CAM-ICU) scales.

Laboratory parameters (including blood count, creatinine,
transaminases, electrolytes, urine test, arterial blood gas anal-
ysis, and C-reactive protein, CRP), comorbidities (hyperten-
sion, diabetes, cardiac failure, active cancer, arrhythmias,
chronic obstructive pulmonary disease), other neurological
symptoms (and neuroradiological features in 12 patients,
supplementary Table 1), and pharmacological interventions
were also recorded. A regional review board has approved
the use of humans for this study.

Statistical analysis

Data were reported as mean ± standard error (se) for continu-
ous variables and as absolute number and percentage for cat-
egorical and ordinal variables. Differences between patients
with and without delirium were evaluated with general linear
model for continuous variables, and with Chi-square test for
categorical or ordinal variables, Fischer’s correction was ap-
plied if necessary.

To assess the independent effect of different variables in
predicting the risk of delirium, logistic regression analysis was
applied. Variables were considered in the models as dummy
except for age that was modeled as continuous.

All the variables reaching a p value ≤ 0.05 at the uni-
variate analysis were included in the multivariate logistic
regression analysis predicting the risk of delirium. In de-
tails, low molecular weight heparin (LMWH), age, and
comorbidities were considered in the model as dummy
variables; the presence of less than two comorbidities
was the reference group.

Mixed linear models were applied to assess differences
between time of the study and presence of delirium in labora-
tory parameters. All analyses were performed with SAS 9.4.

Results

Fifty-six patients were recruited. Fourteen (25.0%) experi-
enced delirium during the hospitalization with 4AT and
CAM scores higher than those found in patients not
experiencing delirium (p < 0.001).

Patients with delirium were older than patients without
signs of delirium (p = 0.002).

Two or more comorbidities were reported in 85% of pa-
tients who experienced delirium and in 40% of patients with-
out delirium (p = 0.003). Table 1 summarizes the characteris-
tics of the patients’ populations.

CRP resulted to be higher and stable overtime in patients
with delirium as compared with patients who did not experi-
ence delirium (p = 0.006) (Table 2).

The use of LMWH (enoxaparin administered at 1 mg/kg/
daily) was less frequent in patients who developed delirium

Table 1 Differences between
subjects who experienced
delirium compared with patients
without delirium

Patients with delirium Patients without delirium p value

14 42

Age (years) 84.29 ± 7.45 70.98 ± 14.86 0.002

Sex male 5 (38.5) 14 (33.3) 0.73

LMWH 4 (28.6) 30 (71.4) 0.004

Antibiotics 0 (0.0) 4 (9.5) 0.56

Hydroxychloroquine 3 (21.4) 7 (16.7) 0.70

Other drugs 2 (14.3) 16 (38.1) 0.10

Neurological signs 3 (21.4) 10 (23.8) 0.85

Myalgia 0 (0.0) 4 (9.5) 0.56

Neuropathy 0 (0.0) 3 (7.1) 0.57

Vertigo 1 (7.1) 1 (2.4) 0.44

Comorbidities 2.93 ± 1.40 1.69 ± 1.66 0.02

Comorbidities (≥ 2) 12 (85.7) 17 (40.5) 0.003

4AT 8.21 ± 3.66 0.79 ± 1.68 < 0.001

CAM-ICU 3.79 ± 0.43 0.48 ± 0.83 < 0.001

Data were reported asmean ± SE for continuous variables and as absolute number (percentage) for categorical and
ordinal variables. Significant differences are highlighted in italicized character

LMWH low molecular weight heparin, 4AT assessment test for delirium and cognitive impairment, CAM-ICU
Confusion Assessment Method for the Intensive Care Unit
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than in patients without signs of delirium (p = 0.004). Ten out
of 14 patients with delirium and 12 out of 42 who did not
experience delirium were not treated with LMWH due to con-
traindications reported in supplementary Table 2.

The prescription of LMWH seemed to have a protective
effect from delirium (OR: 0.08; 95% CI: 0.1–0.50; p = 0.007),
independently of comorbidities (OR: 17.82; 95% CI: 2.07–
153.08; p = 0.009) and age.

In the logistic model sub-analysis, where only those sub-
jects with a higher comorbidity score (≥ 2 diseases) were
analyzed, the results did not change; LMWH-prescription
was the only statistically significant predictor of prevention
of delirium.

LOS was longer in patients untreated with LMWH (27.0 ±
14.7 vs. 21.5 ± 10.1; p = 0.04) independently of age and CAM
score.

Discussion

Fourteen out of 56 patients (25%) admitted to our COVID-19
Unit experienced delirium.

Theywere older than patients without signs of delirium and
presented with a higher number of comorbidities, as expect-
ed4. No difference was found in the prevalence of other neu-
rological symptoms associated with COVID-19.

We found a strong association between the use of LMWH
and absence of delirium, independently of comorbidities and
age.

Heparin has been implicated in binding to COVID-19
spike proteins as well as down-regulating interleukin-6 (IL-
6) [5], which has been shown to be elevated in COVID-19
patients [6], and thus, LMWH remains as the best choice of
anticoagulant for admitted patients.

Table 2 Mixed linear models. Differences in laboratory parameters between times of the study according to delirium manifestation, during the
hospitalization

Patients without delirium Patients with delirium

Baseline FU Baseline FU p1 p2 p3

42 42 14 14

Red blood cell count (× 106/mm3) 4.42 ± 0.75 4.21 ± 0.72 4.23 ± 0.76 4.01 ± 0.65 0.35 0.11 0.93

Hemoglobin (g/dl) 12.20 ± 2.32 11.98 ± 1.79 11.49 ± 2.42 11.04 ± 1.89 0.14 0.32 0.67

White blood cell count (× 103/μl) 8.57 ± 8.73 6.35 ± 2.20 9.23 ± 3.75 8.86 ± 3.59 0.14 0.84 0.41

Neutrophils (× 103/μl) 5.47 ± 3.63 3.90 ± 2.18 7.40 ± 3.65 6.65 ± 3.74 0.006 0.41 0.46

Eosinophils (× 103/μl) 0.04 ± 0.06 0.17 ± 0.15 0.03 ± 0.05 0.13 ± 0.12 0.12 0.01 0.33

Lymphocytes (× 103/μl) 1.18 ± 0.66 1.72 ± 0.68 1.05 ± 0.45 1.45 ± 0.72 0.16 0.007 0.37

Monocytes (× 103/μl) 0.87 ± 2.07 0.49 ± 0.19 0.71 ± 0.63 0.60 ± 0.45 0.78 0.81 0.60

Platelet count (× 103/mm3) 221.74 ± 81.41 222.46 ± 50.84 212.19 ± 82.64 221.25 ± 100.81 0.98 0.71 0.77

Erythrocyte sedimentation rate (mm) 40.13 ± 20.49 39.68 ± 20.94 33.55 ± 17.57 36.80 ± 18.42 0.54 0.71 0.69

Reactive C protein (mg/dl) 77.94 ± 73.75 20.11 ± 52.59 68.97 ± 50.72 66.34 ± 61.03 0.01 0.90 0.03

Procalcitonin (ng/ml) 2.13 ± 8.13 0.31 ± 1.14 0.40 ± 0.55 0.39 ± 0.60 0.96 0.99 0.38

Prothrombin time (%) 88.38 ± 26.81 93.30 ± 24.90 80.05 ± 18.81 80.23 ± 17.14 0.07 0.97 0.42

INR 1.28 ± 0.88 1.13 ± 0.30 1.18 ± 0.19 1.18 ± 0.20 0.75 0.99 0.37

Activated partial thromboplastin time (s) 38.30 ± 22.82 35.25 ± 15.44 36.11 ± 5.78 35.33 ± 5.68 0.99 0.80 0.52

Fibrinogen (mg/dl) 506.73 ± 148.30 450.20 ± 139.63 432.40 ± 166.22 382.73 ± 155.31 0.16 0.12 0.86

D-dimer (μg/ml) 2.23 ± 5.05 1.05 ± 1.34 1.73 ± 1.47 1.93 ± 1.44 0.43 0.87 0.35

Glycemia (mg/dl) 104.76 ± 23.53 93.57 ± 32.99 116.44 ± 39.60 100.44 ± 29.63 0.46 0.12 0.70

Azotemia (mg/dl) 55.68 ± 43.91 50.68 ± 48.05 77.25 ± 69.76 61.19 ± 63.85 0.51 0.11 0.36

Estimated glomerular filtration rate 86.58 ± 26.45 97.05 ± 20.05 90.34 ± 72.53 81.23 ± 88.19 0.41 0.60 0.28

Creatinine (mg/dl) 1.60 ± 2.15 1.20 ± 1.75 1.39 ± 1.33 1.34 ± 1.46 0.80 0.84 0.25

Albumin (g/dl) 3.73 ± 0.66 3.54 ± 0.82 3.16 ± 0.43 3.16 ± 0.43 0.09 0.99 0.35

Troponin (pg/ml) 28.85 ± 39.78 17.48 ± 23.07 23.36 ± 19.75 36.54 ± 52.07 0.19 0.34 0.12

Sideremia (μg/dl) 38.90 ± 22.23 37.24 ± 21.91 49.07 ± 77.05 51.93 ± 76.31 0.33 0.37 0.25

Ferritin (ng/ml) 679.08 ± 1071.80 532.60 ± 870.98 337.25 ± 232.57 337.25 ± 232.57 0.64 0.99 0.60

Neutrophil/lymphocyte ratio 6.02 ± 5.14 2.80 ± 2.61 9.37 ± 8.91 7.12 ± 7.67 0.01 0.18 0.62

For every parameter, the follow-up assessment (FU) was the last measurement available before discharge or transfer to long-term care unit. p value 1 = p
value for the comparison between patients with and without delirium; p value 2 = p value for the comparison between the two times of the study; p value
3 = p value for the interaction between times of the study and presence or absence of delirium. Significant differences are highlighted in italicized
character
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Studies on elderly patients suggest that inflammation plays
a role in the pathophysiology of delirium [7]. This hypothesis
is corroborated in our cohort by the higher levels of CRP in
delirious patients as compared with patients without delirium.
CRP circulating concentrations rise in response to inflamma-
tion. CRP is an acute-phase protein of hepatic origin that in-
creases following interleukin-6 secretion by macrophages and
T cells. High serum interleukin-6 level has been associated
with increased risk of the occurrence of delirium [8]. It is
suspected that systemic inflammation, which commonly char-
acterizes critical illness, stimulates a process of deranged co-
agulation, whose end product is microvascular damage and
thrombosis in vital organs, including the brain, contributing
to the development and maintenance of delirium [9].

The use of LMWH, by preventing the development of
thrombosis subsequent to the inflammatory process, may help
prevent the occurrence of delirium in COVID-19 patients,
with consequent possible reduction of LOS and sequelae.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s10072-020-04887-4.
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