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Abstract

Introduction: There is growing evidence of neuropsychiatric presentations
in patients of COVID-19, but literature is scarce on laboratory, clinical and
radiological markers as well as impact of psychotropic medications during the
course of hospitalization in critically ill patients.

Materials and methods: We screened 430 ICU patients admitted to our
tertiary care hospitals, out of whom 67 were diagnosed positively with
definitive neuropsychiatric sequalae and receive psychotropic interventions
during their hospital stay. We compared their D-dimer levels, C-reactive
proteins, serum ferritin levels, serum procalcitonin and Vitamin D levels
and further analyzed CORADS severity score with psychiatric severity and
outcome.

Results: The mean age of the patients was 42.38 years, majority (44.8%) of
them belonged to 21-34 years with slight (52.2%) male preponderance and
none of them were more than 60 years. We observed a 43.3% were having
organic mood disorder and 37.3% of individual had significant history of
alcohol dependence while hypertension and diabetes mellitus were noted
in 34.3% and 29.9% respectively.Only D-dimer levels were found to be
significant and positively associated with outcome of psychiatric disorders
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(p<0.05), accounting for 41% of covariance on linear regression analysis.

Conclusions: Our study has found significant association of elevated levels
of D-dimer variability but not the other laboratory biomarkers among various
neuropsychiatric comorbid sequalae in ICU admitted COVID 19 patients.
This particular observation might have potential for serum D-dimer levels
to be possibly used as an early biomarker to screen or suspect for comorbid
neuropsychiatric presentations.
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Introduction

The Corona virus disease 2019 (COVID-19) has infected over 250
million people by 30" November 2021and caused more than 5 million deaths
irrespective of existing healthcare treatment facilities throughout the globewhich
has brought the fields of critical care medicine, laboratory medicine and
psychoneuroimmunology into limelight as never before [1]. As evident from a
large database from United States (US), as much as 80% of the all COVID-19
patients have self-limiting course and the need for intensive care unit (ICU)
admission was just 2% in confirmed patients with case fatality rate of 5% [2].
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Further, lungs remain the primary target organ as 30.8% of
those with acute respiratory distress syndrome (ARDS) due
to severe pneumonia died in ICU settings and comparative
mortality rates for those in the 18-to-65 and older-than-65 age
groups who did not receive mechanical ventilation in ICU
were 1.98% and 26.6%, respectively [3,4]. While a proteomic
analysis report by Leng et al found whopping 641 differentially
expressed proteins in lung tissue from deceased COVID-19
patients reflecting the complexities of biomolecular interplay
in its pathogenesis, Poggiali et al. [6] identified lactate
dehydrogenase and C-reactive proteins as predictors of lung
damage and respiratory failure and further emphasized that
early identification using these biomarker levels of CoVID-19
patients who could be athigh risk for acute respiratory failure
are paramount to avoid ARDS andend-organ damage [5,6]. So
far, most of laboratory biomarker investigations in critically
ill COVID-19 patients have focused around neutrophil-to-
lymphocyte ratio, indicators of hypercytokinemia like IL-6,
IL-10, anti-SARS-CoV-2 spike RBD immunoglobulin M and
G, growth differentiated factor-15, procalcitonin, D-dimer
or serum ferritin as a marker of severity and prognosis of
infection [7-10]. This was interesting to note as it sparked the
biomarker exploration that began extending the boundaries
from cardiorespiratory to neuropsychiatric domains as this
highly contagious COVID-19 continued to contribute to
delayed neuropsychiatric complications reported in as much
as 1771 studies in Medline/PubMed database as of now. In
fact, two large meta-analyses [11,12] reported a cumulative
prevalence of 20% to 25% for major psychiatric disorders
like mood disorders, anxiety disorders, insomnia, memory/
cognitive impairment, fatigue and hypochondriacal disorder.
The findings of hypoperfusion of frontotemporal regions [13]
in delirious ICU admitted COVID-19 patients, demyelinating
structural abnormalities of thalamus [14] and striatum [15]
reflecting evidence of brain parenchymal invasion which
further supported by SARS-CoV-2 RNA protein detected
in cerebrospinal fluid of these individuals. However, in one
of the comprehensive postmortem studies suggests that
presence of SARS-CoV-2 was not associated with severity of
neuropathologic changes observed which in turn suggests that
immune-mediated processes, rather than direct virus effects,
drive the pathogenesis of CNS symptoms and syndromes
associated with SARS-CoV-2 [16]. Nevertheless, it allows
us the window for exploring variabilities of biomarkers for
biological neuropsychiatric presentations related to severely
affected COVID-19 patients in ICU.Further, the mounting
evidence from recent literature probably suggests that
psychotropic medications like risperidone and aripiprazole
potentially modulate the cytokine storms by suppressing
the expression of inflammatory cytokines and inducible
inflammatory enzymes (i.e., cyclooxygenase) and microglia
activation and this can significantly play the role in course
and outcome in critically ill COVID-19 patients admitted in

ICU with some or other comorbid neuropsychiatric sequalae
[17-20]. In fact, aripiprazole demonstrated better anti-
inflammatory effects on TNF-q, IL-13, and IL-170a and also
share the pathways related to immune system for enrichment
of common genes with altered expression in COVID-19 [21].
Thus, the present preliminary study evaluated laboratory
biomarker variabilitywith psychotropic medications like
risperidone, aripiprazole, specific serotonergic inhibitors like
escitalopram and also with severity of CORADS in course
and outcome of neuropsychiatric sequalae of COVID-19 ICU
Patients from South India. To the best of our knowledge,
such comprehensive integral exploration which can perhaps
link and strengthen psychoneuroimmunological domains is
not directly conducted in any of the previously published
studiesas yet.

Methodology

The present study is a prospective, cross-sectional
qualitative study aimed to investigate correlation of
laboratory biomarker variability, CORADS score and effect
of psychotropics especially antipsychotic medications like
risperidone and aripiprazole in critical patients of COVID
19 admitted to ICU who had diagnosed with one or other
neuropsychiatric sequalae. It was conducted in collaboration
with department of psychiatry, pulmonology, emergency
medicine and biochemistry of tertiary health care hospital and
corporate hospital, Hyderabad, South India. The study was
done between the duration of February 2021 to April 2021
after obtaining the ethical approval and consent from patient
or their relatives.

Population and sample

All the patients less than 60 years old who were diagnosed
as COVID 19 positive confirmed by Reverse Transcription
Polymerase Chain Reaction (RT-PCR) on nasopharyngeal
or oropharyngeal swab and had undergone HRCT and were
admitted to the intensive care units with moderate to severe
illness during these 3 months (February to April 2021, wherein
the second wave of COVID 19 was at its peak in India)
irrespective of their genders were included in the study. We
excluded those who were not able to express their opinion or
provide valid consent for study. An expert psychiatric referral
was sought in the ICU for those who essentially developed
one or other neuropsychiatric problems during their hospital
stay. We screened non-probability sample of about 430
ICU patients out of whom 67 were diagnosed positively
with definitive neuropsychiatric sequelae and received
psychotropic intervention. The standard laboratory tests were
administered as a part of the treatment protocol of COVID
19 and none of the patients were burdened with unnecessary
or repeated evaluations. Routine blood analysis, D-dimer
levels, C-reactive protein levels, serum ferritin, procalcitonin
and Vit D levels were noted in the purposive sample of
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67 patients. Neuropsychiatric evaluation for diagnosis and
treatment were performed by consultant psychiatrist based
on diagnostic and statistical manual-5 version of psychiatric
classification system [22] and the severity of disorders were
by Global Clinical Severity Scale [23]. Since plenty of factors
like sleeplessness due to ICU disturbances, hypoxia, sepsis,
cytokine surge and metabolic derangements could affect
the quality of the response in an individual, we ensured that
patients gets proper treatment for each of their disturbances
using our multispecialty consultation-liaison model with at
least twice daily patient visits and for the sake of convenience
on day 5 to day 7 measurement of levels of biomarker(s)
were taken up for assessment of variability between different
neuropsychiatric disorders.

Data collection and analysis

All the data were analyzed using SPSS for windows
version 23.0. Most of the evaluation of the data was conducted
just before the time of the discharge of the patients who were
apparently recovered during their stay at ICU while those
patients who were still on ventilator or pregnant during the time
of evaluations were excluded. Demographic data such age,
gender, clinical diagnosis, psychiatric diagnosis, CORADS
score, treatment received, and laboratory biomarkers were
recorded. Categorical variables were evaluated by frequency
and percentage while means and standard deviations were
used for qualitative continuous variables. One-way ANOVA
was used to identify the level of significance between mean
value of biomarkers like D-dimers, serum ferritin, CRP levels,
serum procalcitonin and Vit D levels with various psychiatric
diagnosis. Finally, we conducted the linear regression analysis
to identify the degree of co-variance explained with reference
to significant laboratory biomarkers, CORDS scores and use
of psychotropics in these neuropsychiatric sequelaec. A p
value of 0.05 was considered significant and less than 0.005
was considered very significant.

Outcome measures

The primary outcome measure was variability of clinical
biomarkers and CORADS scores with severity of COVID-19
infections and the impact of psychotropic medications like
risperidone and aripiprazole.

Results

The current study included in-patients who were
hospitalised in a COVID clinic where neuropsychiatric
examinations and face-to-face interviews were performed.
During the study, we screened 430 ICU patients out of whom
67 were diagnosed positively with definitive neuropsychiatric
sequelae and received psychotropic intervention during their
stay in critical care unit. Out of 67, nearly four-fifth (n=53)
were voluntary admissions (79.1%) and remaining (n=14)
were emergency admissions (20.9%).The mean age of the
patients was 42.38 years (SD+15.81), however majority

(44.8%) of them belonged to 21-34 years with slight (52.2%)
male preponderance and only 4.5% of them were less than
20 years old while none of them were more than 60 years.
37.3% (25 out of 67) of individual had significant history of
alcohol dependence while hypertension and diabetes mellitus
were noted in 34.3% (23 out of 67) and 29.9% (20 out of
67) respectively. The HRCT severity scores were screened,
and it was found that nearly 46.3% of the COVID-19
patients moderate score and almost 28% of the participants
scored severely on HRCT as noted in Table 1. On contrary,
CORADS scoring were almost equivocally distributed
from CORADS 3 to CORADS 6 throughout the sample.
Among neuropsychiatric presentations, most (43.3%) had
organic mood disorder and only 6.0% had organic psychosis
whilecognitive decline in range of mild dementia and delirium
were present in 6% and17.9% of ICU patients respectively.
45% of our patients were on aripiprazole or risperidone and
about 40% were on one or other antidepressants while 15%
were on cognitive enhancers.

Table 1: Socio-demographic and clinical parameters in the study
group (N=67).

Variables N=67 %
10-20 years 3 4.5
21-30 years 16 23.9
Age (years)
31-40 years 14 20.9
41-60 years 13 19.4
Male 35 52.2
Gender
Female 32 47.8
Corads 3 17 25.4
CORADS Corads 4 16 | 239
Staging
(RT-PCR Positive) Corads 5 19 | 284
Corads 6 15 22.4
Mild (<8) 17 25.4
HRCT Severity Moderate (9-14) 31 46.3
Severe (>15) 19 28.4
History of Alcohol Present 25 | 373
Abuse/Dependence Absent 42 62.7
Comorbid Present 20 29.9
Diabetes Mellitus Absent 47 70.1
Comorbid Present 23 34.3
Hypertension Absent 44 65.7

Organic Mood disorder 29 43.3
Organic Anxiety disorder 13 19.4

Organic Psychosis 4 6
Psychiatric Diagnosis Delirium 12 17.9
Mild Dementia/MCMD 4 6

Substance Use disorders 25 37.3

Functional Somatic

Symptoms Disorder 1 15
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One way ANOVA was used to identify the significance of
the association between various neuropsychiatric diagnosis
ranging from organic mood disorders to mild dementia and
their intergroup variance with D-dimer levels, CRP, serum
Ferritin, Vit D, Procalcitonin as well as CORADS score on
HRCT in ICU admitted COVID-19 patients. Among the
clinical laboratory biomarkers only D-dimer levels were
found to be significantly impacting the variability among
various psychiatric diagnosis (F=2.479, p <0.033). while

serum ferritin levels were just marginally close to significance
(F= 2.221, p=0.053). We observed that serum CRP, Vit D
levels and serum procalcitonin levels were not significantly
variable between seven domains of psychiatric disorders.
However, CORADS score on HRCT was quite significant
(F= 4.432, p=<0.001) as the highest value of CORADS
were present in organic psychosis and the lowest was in
hypochondriacal disorder/somatic symptoms disorder as
observed in Table 2.

Table 2: Intragroup relationship of laboratory biomarkers with psychiatric diagnoses using ANOVA test (N=67).

Mean Value of Biomarkers in patients with Psychiatric diagnosis

) Organic | Organic Oraanic Cognitive Mild Substance Functional
Biomarker N=67 | Mood Anxiety ganic Disorder . Use Somatic F P value
. . Psychosis . Dementia/ .
Disorder | Disorder n=4 Including MCMD n=4 disorder Symptoms

n=29 n=13 - Delirium n=12 - n=25 Disorder n=1
D-Dimer levels 544 424.23 707 685.08 328 847.5 421 2.479 0.033*
Serum Ferritin 810.52 476.06 1016.74 1010.74 610.5 1000.5 172 2.221 0.053
CRP Levels 100.03 26.38 139.6 171.49 182.2 92.5 3.9 1.825 0.109
Vitamin D Levels 17.91 20.3 16.5 17.51 13 19.5 22 0.687 0.661
serum 0.2078 0.15 0.0575 0.24 0.345 0.05 0.04 0264 | 0.952
Procalcitonin
CORADS Score 4.48 3.69 575 517 3.75 4.75 3 4432 | 001

on HRCT

*p-value <0.05 is considered statistically significant

Table 3 showed Pearson’s correlation for quantitative
laboratory biomarkers and CORADS score with psychiatric
diagnosis during the course interval of ICU stay for any
significant association. Only D-dimer levels were found to
be significant and positively associated with psychiatric
disorders (p<0.05). But, Vitamin D and procalcitonin levels
were negatively correlated while serum ferritin and CRP
levels were positively correlated to psychiatric diagnosis but
none of them significantly (p>0.05). Further we conducted
linear regression analysis of the significant D-dimer values as
a dependent factor and evaluate for the degree of covariance
with respect to use of psychotropics, CORADS score,
psychiatric diagnosis and clinical outcome. Since all our
patients recovered in due course secondary to psychotropic
medications, our short-term outcome remained robust for
their recovery irrespective of neuropsychiatric sequalae. We
found almost 41% of covariance could be explained between
D-dimer values, psychiatric outcome and CORADS score on
HRCT very significantly as seen in Table 4 and scatterplot of
D-dimer levels in Figure 1.

Discussion

The outbreak of SARS-COVID-2 posed more emphasis on
respiratory and cardiovascular symptoms due to its association
with mortality in COVID-19 patients but neuropsychiatric
sequalae in survivors of COVID-19 is on rise as noted from

Table 3: Pearson’s correlation for quantitative evaluation of
laboratory biomarkers and CORADS score with diagnosed
psychiatric patients during course of ICU-Stay.

Biomarker Psychiatric
(N=67) Diagnosis
D-dimer levels Pearson Correlation 0.144
(ELFA in ng/ml) Sig. (2-tailed) .048*
Serum ferritin Pearson Correlation 0.244
(CMIA method) Sig. (2-tailed) 0.701
Pearson Correlation 0.125
CRP levels
Sig. (2-tailed) 0.313
Pearson Correlation -0.031
Vitamin D levels
Sig. (2-tailed) 0.801
Serum Pearson Correlation -0.024
Procalcitonin Sig. (2-tailed) 0.845
CORADS score on Pearson Correlation 0.052
HRCT Sig. (2-tailed) 0.678

*p-value <0.05 is considered statistically significant

hundreds of evidence-based emerging reports of neurological
studies. Commonly noted neuropsychiatric abnormalities
include disorders of consciousness, confusional syndromes
like delirium, neurocognitive deficits, pressure of speech,
insomnia, depression, anxiety and psychosis [11,14,24].
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Figure 1: D-dimer levels depicted in histogram and scatterplot for its Covariance explaining the Predictors of Outcome in Psychiatric disorders

in ICU admitted COVID-19 Patients.

Table 4: Linear regression of various factors associated with d-dimer values.

Unstandardized Coefficients
Biomarker (N=67)

B Std. Error
CORADS score on HRCT 136.925 33.089
Use of
Psychotropics(Risperidone 5.352 23.809
and aripiprazole)
Psychiatric Diagnosis 17.706 18.976
Clinical Outcome -11.765 99.075

*p-value <0.05 is considered statistically significant.

In the present cross-sectional prospective analysis of 67
neuropsychiatric patients admitted in ICU, we measured
the levels of various biomarkers like serum D-dimer,
ferritin, procalcitonin and Vitamin D along with CORADS
scores with backdrop of psychotropics like risperidone,
aripiprazole, fluoxetine, escitalopram, venlafaxine and
cognitive enhancers like memantine and piracetam. Among
all laboratory biomarkers, the mean D-dimer value showed
significant rise in those patients with substance use disorder
followed by organic psychosis, delirium and mood disorder.
Further as expected, D-dimer levels were much lower in
somatic symptoms or mild cognitive deficits correlating
directly to levels of clinical and CORADS scoring. This
reflects that D-dimer has robust potential for future clinical
laboratory biomarker in neuropsychiatric disorders in
COVID-19 patients.A meta-analysis by Yu et al showed
higher (>0.5microgram/ml) D-dimer levels to be associated
with progression of COVID-19 as well as with higher
mortality rates [25]. Unfortunately, we could not compare the

Standardized T si 95.0% Confidence
Coefficients 9- Interval for B
Beta Lower Bound Upper Bound
0.526 4.138 .000* 70.782 203.069
0.028 0.225 0.823 -42.242 52.946
0.11 0.933 0.354 -20.226 55.639
-0.016 -0.119 0.906 -209.813 186.283

levels of D-dimer in patients who died in ICU as none of
those patients received neuropsychiatric consultation as most
of them were on mechanical ventilators, which otherwise
could have provided us the comparative figures for D-dimer
in survivors versus those who died of COVID-19 specifically
if being measured on the day of death.

Paterson et a.l [26] in their emerging unique exploration
in 33 COVID 19 patients for neurological, radiological
and laboratory markers, could not find any distinctive
abnormalities on MRI brain or CSF who developed delirium
or psychosis in course of treatment [26]. Further, Kuzan et
al. [27] lately compared 159 clinically diagnosed COVID 19
patients for laboratory biomarkers with diagnostic accuracy of
CORADS and found high sensitivity but low specificity [27].
Similarly, in partial conformation to our study, Arshad AR et
al evaluated 238 patients with SARS-CoV-2 with suggestive
radiological findings and found that C-reactive protein, serum
ferritin and lactate dehydrogenase levels of inflammatory
biomarkers can predict mortality in these group of patients
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[28]. But there was no mention of any neuropsychiatric
sequalae or psychotropic impact in their subjects and ours
is perhaps the only study which integrated all these domains
together. For each of neuropsychiatric disorders apart from
global impression of severity, specificsymptom group
severity scores or standardized mean differences could not be
generated because control groups were not used in our study.
Another limitation of our study lies in fact that 40% (26 out
of 67) of our patients were also receiving steroids and later
has the potential to cause mania or psychosis (0.7% causal
prevalence) [29] but until a temporal causal association
exists, it’s difficult to rule out the primary causality from
COVID-19 brain involvement. It of worth to pinpoint the
findings of Wang et al that those with chronic schizophrenic
have lower association of COVID-19 severity compared
to new onset psychosis or schizophrenia(AOR =1.48, 95%
CI: 1.33-1.65 vs. AOR =9.89,95% CI: 8.68-11.26), giving
place to the speculation that antipsychotic treatment probably
exerts a protective effect and specifically for aripiprazole
which has the effect on gene expression modulation and could
be of use in countering SARS-CoV-2 infection [21,23,30].
A separate analysis of immediate impact of aripiprazole
on laboratory biomarkers would have actually identified
better delineation which we could not conduct since it’s a
preliminary observation study.D-dimer levels should have
been measured at baseline in such dubious situations and
also before the intervention of any psychotropic medication
and then its impact would have been assessed systematically
for severity and remission of neuropsychiatric presentations,
however, given the circumstances of unpredictability of
outcome in ICU admitted severe cases of COVID-19, its our
first experience of evaluating biomarkers in neuropsychiatric
disorders which would require to be cautious interpretations.
Our study clearly has a few more limitations like small
sample size and restrictive sample population, all being in-
patient without any control group, which interferes with
precocious generalizability of the results. We believe that a
multicenter, large scale follow up studies in future will ensure
to bridge and fill this important gap in evidence of identifying
consistent biomarkers for organic psychiatric disorders and
differentiating from functional presentations by enhancing
their neurobiological underpinnings.

Conclusion

The serum D-dimer levels areparticularly increased in
addictive, neurocognitive, and organic brain disorder more
than others irrespective of CORADS or COVID-19 severity.
Combining what we observed and tentatively inferred from
impact of psychopathology on brain to the influence of
psychotropics on clinical biomarker variability, we believe
present study can potentially open up the new ways of
conceptualizing mental health disorders, both organic and
functional. Together with existing progress in preclinical,

neurobiological and neuropsychopharmacological research,
a ‘big data’ analytical approach with solid methodological
strategies for range specificity across current diagnostic
categories is warranted which can forward the field of
biomarker development in psychiatric neurosciences [31].

Clinical Significance: We recommend implementing
laboratory  biomarker analysis in  neuropsychiatric
presentations and for evaluating the impact of psychotropic
medications on these significant biomarkers like D-dimer
levels in COVID-19 patients with further validations.
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