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Potential Prognostic Predictors for Coronavirus
Disease-2019-related Impaired Consciousness in
Patients with Critical llinesses

Kritik Hastalarda Koronaviriis Hastaligi-2019
lliskili Biling Bozuklugunun Potansiyel Prognostik
Faktorlerinin Belirlenmesi

ABSTRACT Objective: Central nervous system involvement in patients with coronavirus
disease-2019 (COVID-19) is associated with increased morbidity and mortality. The assessment
of neurological symptoms in patients with critical illnesses, who are mechanically ventilated under
deep sedation is challenging, which means doctors could be unaware of such symptoms until
patients reach the weaning stage. Thus, this study aimed to identify potential prognostic predictors
for COVID-19-related impaired consciousness in patients with critical illnesses.

Materials and Methods: This retrospective, multicenter, and observational cohort study was
conducted among patients with COVID-19 who were admitted to the intensive care units of five
hospitals between March 11, 2020, and September 18, 2020. The patient population was analyzed
in two groups-cases with impaired consciousness and cases without impaired consciousness.
Results: Patients with impaired consciousness were found to be significantly younger (p=0.001)
and to exhibit significantly more laboratory abnormalities, such as high ferritin (p=0.003), C-reactive
protein (p=0.001), procalcitonin (p=0.019), and D-dimer (p=0.001) levels. Additionally, pathological
magnetic resonance imaging findings were detected in 14 of 29 (48%) patients with impaired
consciousness.

Conclusion: All patients with severe COVID-19 should be screened for signs of hyperinflammation
due to the associated risk of neurological complications. The early detection of at-risk cases and
the prompt initiation of specific treatment should result in better disease outcomes.

Keywords: COVID-19, neurological complications, inflammatory markers, hyperinflammation

0z Amag: Koronavirls hastaligi-2019'un (COVID-19) neden oldugu merkezi sinir sistemi tutulumu,
artan morbidite ve mortalite ile iliskili bulunmustur. Derin sedatize ve mekanik ventilasyon destegi
uygulanan yogun bakim hastalarinda norolojik semptomlari degerlendirmek ciddi bir zorluktur, bu
nedenle ventilatdrden ayirma asamasina gelene kadar yogun bakim hekimi bu semptomlardan
habersiz kalabilmektedir. Calismanin amaci, kritik yogun bakim hastalarinda COVID-19 iliskili biling
bozuklugu icin potansiyel prognostik prediktorlerin belirlenmesidir.

Gereg ve Yontem: Calisma retrospektif, cok merkezli ve gézlemsel olarak dizayn edilmistir. Bes
hastanenin yogun bakim tnitelerine 11 Mart 2020 ve 18 Eylil 2020 tarihleri arasinda kabul edilen
COVID-19 hastalari dahil edilmistir. Hastalar iki grupta degerlendirilmistir: Biling bozuklugu olan ve
biling bozuklugu olmayan hastalar.

Bulgular: Biling bozuklugu olan hastalarin yas ortalamasi daha duslk (p=0,001) ve daha fazla
laboratuvar anormalligine sahip bulunmustur; ferritin (p=0,003), C-reaktif protein seviyeleri
(p=0,001), prokalsitonin (p=0,019) ve D-dimer (p=0,001). Ayrica bilin¢ bozuklugu olan 29 hastanin
14'Unde (%48) patolojik manyetik rezonans gorinttleme bulgulari tespit edildi.

Sonug: Yogun bakimda COVID-19 hastalari nérolojik komplikasyon riskini belirlemek igin
hiperenflamasyon belirtileri agisindan taranmalidir. Erken tani ve spesifik tedavinin baslatiimasi ile
daha iyi sonuglar alinabilecektir.

Anahtar Kelimeler: COVID-19, norolojik komplikasyon, enflamasyon markerlari, hiperenflamasyon
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Introduction

Central nervous system involvement in patients
with coronavirus disease-2019 (COVID-19) is associated
with increased morbidity and mortality (1), although the
mechanisms underlying COVID-19-related neurological
complications are not yet fully understood (2,3). The
expectation that most of the world’s population will have
been infected with COVID-19 before herd immunity develops
indicates that the overall number of patients with neurological
complications due to the disease could ultimately be very
high. In light of this, supporting the development and
manufacture of vaccines should be considered a priority
because any delay to the vaccine rollout will result in
additional deaths (4). In addition, given the ongoing nature
of the COVID-19 pandemic, clinicians require accurate data
to devise effective medical treatments for the disease
and its complications (5). The assessment of neurological
symptoms in critically ill patients who are mechanically
ventilated and under deep sedation is challenging, which
means that doctors could be unaware of such symptoms
until patients reach the weaning stage.

Based on the above, the present study sought to identify
potential prognostic predictors for COVID-19-related impaired
consciousness in critically ill patients.

Materials and Methods

This retrospective, multicenter, observational cohort
study was conducted among COVID-19 patients admitted
to the intensive care units (ICUs) of five hospitals between
March 11, 2020, and September 18, 2020. The study was
approved by both the Republic of Turkey Ministry of Health
and the Ethics Committee of Acibadem University (decision
no: 2020-09/12, date: 21.05.2020). The inclusion criteria
for the study were as follows: patients >18 years old, all
invasively mechanically ventilated, with an ICU stay longer
than four days. Moreover, the exclusion criteria were as
follows: patients <18 years old, patients administered only
non-invasive mechanical ventilation, and patients with an
ICU stay of less than four days (Figure 1).

The patients’ clinical course was reviewed and data
were collected concerning their age, sex, comorbidities,
neurological findings, laboratory findings [including
cerebrospinal fluid (CSF) analysis and inflammatory markers],
and neuroimaging findings [computed tomography or
magnetic resonance imaging (MRI)].

Turk J Intensive Care 2021;19(Suppl 1):81-6

At the five ICUs, which were controlled by the same main
intensivist, all COVID-19 patients were routinely treated in
accordance with the Surviving Sepsis Campaign’'s COVID-19
treatment guidelines (6). More specifically, lung-protective
ventilation strategies were used to limit the driving pressure
and restrict both the tidal volume and plateau pressure while
providing relatively high positive end-expiratory pressure. In
addition, when respiratory acidosis and hypoxia persisted,
early prone positioning ventilation was applied.

All COVID-19 patients also received the same sedation
strategy. Due to the likelihood of the disease-causing acute
respiratory distress syndrome (ARDS), deep sedation was
used to improve both patients’ tolerance of mechanical
ventilation and patient-ventilator synchrony. To achieve
deep sedation, a combination of midazolam and fentanyl
was used as part of a sedation protocol, started with lower
doses and titrate utilizing the Richmond Agitation Sedation
scale to target standardized goals. Midazolam was only
applied during the first few days of high-pressure ventilator
support, and it was discontinued as soon as possible. When
oxygenation was normalized, the chest X-rays showed
better aeration, and the infectious markers were almost
normalized, ventilatory support was gradually withdrawn,
it was ensured that there were no underlying metabolic
disorders, and sedation was gradually reduced before being
stopped. As deep sedation was applied, the patients waited
48 hours for residual sedation.

After 48 hours, if unresponsiveness to stimulation or
refractory agitation were noted despite the treatment and
no other explanation could be found, both situations were
accepted as impaired consciousness. In those patients,
neuroimaging, including diffusion-weighted and contrast-
enhanced MRI series, was performed following neurology
consultation. For patients with pathological MRI findings,
such as cortical signal abnormalities compatible with
meningoencephalitis, a lumbar puncture (LP) was performed
where possible. The patient population was analyzed in two
groups, namely cases with impaired consciousness and
cases without impaired consciousness (Figure 1).

Statistical Analysis

All data were presented as the mean, standard
deviation, median, and interquartile range according to the
distribution of the values. A t-test and a One-Way ANOVA
were used for both groups’ analyses. A multivariate binary
logistic regression model and the backward elimination
method were used to determine the patients’ neurological
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symptoms. A p-value <0.05 was considered to be
statistically significant. All of the statistical analyses in this
study were performed using Statistical Package for the
Social Sciences version 23.0 software for Windows (IBM
Corp., Armonk, NY, USA).

Results

A total of 115 ICU patients were admitted to our 5 ICUs.
Sixty seven of them were included in the study (Figure 1).
Of these, 62 (92.5%) were discharged to a ward, 5 (7.5%)
did not survive. All the patient demographic and clinical
characteristics are shown in Table 1. Patients with impaired
consciousness were found significantly younger (p=0.001)
than patients without impaired consciousness, with a median
age of b5 vs 77 years. The two groups of patients had the
similar mortality rate (p=0.433) and ICU stay (p=0.100).

Pathological MRI findings were detected in 14 of 29 (48%)
patients with impaired consciousness. In 11 of 29 patients
(38%), MRI showed cortical signal abnormalities. Other MRl
findings included one patient with acute cerebrovascular
disease (2.7%), two patients with hypoxic-ischaemic brain
injury (5.4%), and one patient with acute transverse sinus
thrombosis (2.7%). CSF analysis showed normal glucose and
high protein levels; the cell count, IgG index, and albumin were
within normal limits, and reverse transcriptase-polymerase
chain reaction (RT-PCR) was negative for common respiratory
viruses and severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). Oligoclonal bands were negative in all cases.
However, RT-PCR taken from respiratory samples was
positive for SARS-CoV-2.

Patients with impaired consciousness had significantly
more laboratory abnormalities than patients without

Admissions
n=113%
I P4 days ICU srapin=5)

<1 8vears-cld (n=1)
patients only admdnastered

NINA (n=42)
Analyzed patients
=67
Patients with Patients without
impaired consciousness impaired consciousness
o=29 n=38

Figure 1. Flowchart of patient inclusion
ICU: Intensive care unit, NIMV: non-invasive mechanical ventilation

impaired consciousness, such as high ferritin (p=0.003),
C-reactive protein (CRP) levels (p=0.001), procalcitonin
(p=0.019), and D-dimer (p=0.001) (Table 1). We carried out
a multivariate logistic regression model for the likelihood
of neurologic impairment. According to cut-off values, age,
D-dimer, ferritin, CRR procalcitonin, a dose of midazolam,
durations of midazolam, and fentanyl administrations were
added to the multivariate binary logistic regression model
(Table 2). The Backward method was used in the regression
model and it was not found a significant relationship
between the likelihood of neurologic impairment and each
of age, CRP and fentanyl administrations (Table 3).

Even severity of disease scores in ICU admission and
their ventilation parameters was found to be similar, patients
with impaired consciousness required deeper sedation.
Higher doses of sedatives were given to help attenuate
agitation associated with mechanical ventilation (p=0.005).

Discussion

It is challenging for intensivists to assess the neurological
complications associated with COVID-19 in patients admitted
to the ICU due to the requirement for deep sedation in
cases of ARDS, which means that doctors could remain
unaware of such neurological symptoms until patients reach
the weaning stage. The present results indicated that the
patients’ age; their ferritin, D-dimer, CRP and procalcitonin
levels; and the requirement for deeper sedation might all be
valuable prognostic indicators of impaired consciousness as
a result of COVID-19.

Patients with suspected neurological complications
must be aggressively investigated, as any delay in treatment
could result in permanent neurological sequelae or even
death. Although neuroimaging is not specifically designed
for investigating cranial infections, it represents a useful way
to document the extent of any neurological involvement,
which is one of the key markers that determine prognosis
(7). While neurological complications were identified at the
weaning stage in the present study, this does not mean that
MRI findings only come to prominence during the weaning
period. Indeed, due to the use of deep sedation, it is
possible that such complications were notified late. After the
retrospectively obtained statistics had been analyzed, it was
determined that the patients with neurological complications
had required deeper sedation, which can be considered a
predictor of neurological complications, especially when
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accompanied by laboratory abnormalities. In some patients, concerning the patients’ CSF point toward an autoimmune/
individual responses to the disease may never be reflected antibody-mediated involvement hypothesis regarding both
in the MRI findings. In addition, if neurological involvement the meninges and the cerebral parenchyma, as mentioned
is suspected, so long as it is not contraindicated, the use in a previous report (3,8-12).

of LP should always be considered. The present results

Table 1. Comparison between groups of patients with and without impaired consciousness

Patients with Patients without impaired

impaired consciousness consciousness P

(n=29) (n=38)
Age, years 55 (46-67) 72 (60-82) <0.001
Male, n (%) 23(79.3) 28(73.7) 0.593
APACHE-II 12 (9.5-16) 15 (11-20.5) 0.085
Bodyweight 85.83 84.18 0.532
Comorbidities
Hypertension 15 (40.54%) 20 (25,64%)
Diabetes 10 (27%) 11 (14.10%)
Chronic kidney 2 (5.4%) 5(6.41%) 0.501
Malignancy 3(8.11%) 3(3.85%)
CcvD 4(10.81%) 9 (11.54%)
Autoimmune disease 2 (5.40%) 0
Ventilation
FiO, (max) 70 (50-100) 77.5 (60-100) 0.543
Pa0, (max) 96 (73-115) 95 (63-125) 0.904
PaO,/FiO, 137 (86-208) 138 (89-203) 0.889
Laboratory findings
Lymphocyte count 0.50(0.26-0.89) 0.56 (0.37-1.09) 0.299
C-reactive protein, (mg/dL) 29415 18+10 <0.001
Procalcitonin, (ng/mL) 2.1(1.1-4.8) (0.3-2.5) 0.019
D-dimer, (mg/L) 5.8 (4.6-10) 3.4(1.8-4.7) <0.001
Ferritin, (ng/mL) 1,650 (1,102-2,802) 762 (304-1,504) 0.003
Lactate dehydrogenase, (U/L) 435 (337-611) 365 (244-451) 0.059
Creatinine, (mg/dL) 1.2 (0.9-2.6) 1.3(0.9-3.1) 0.552
Blood urea, (mg/dL) 89 (56-160) 90 (49-219) 0.781
Administered sedation
Duration of fentanyl administration, days 10 (8-12) 8(7-12) 0.01
Duration of midazolam administration, days 9(8-10) 6 (5-10) 0.007
Total dose of fentanyl, (mcg/kg) 191+65 17055 0.153
Total dose of midazolam, (mg/kg) 13.7+2.8 11.314.7 0.012
Other characteristics, n (%)
Persistent fever (>39 °C) 13 (44.8) 13(34.2) 0.377
Vasoactive agent 12 (41.4) 12 (31.6) 0.407
Length of ICU stay, days 17 (13-21) 14 (11-18) 0.100
Mortality, n (%) 3(10.3) 2(5.3) 0.433
CVD: Cardiovascular disease, FiO,: fraction of inspired oxygen, PaO,: partial pressure of oxygen, ICU: intensive care unit, APACHE-I: Acute Physiology and Chronic Health
Assessment-l, max: maximum
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Table 3. Multivariate logistic regression model for likelihood of
neurologic impairment

Variables OR (95% Cl) )
Ferritin =1,150 ng/mL 41.4 (3.0-563) 0.005
Duration of midazolam
administration 7.5 days 37.1(29-413) 0.005
Procalcitonin =1.62 ng/mL 13.4 (1.5-117) 0.020
D-dimer =4.5 ug/mL 10.2 (1.3-80) 0.028

ClI: Confidence interval, OR: odds ratio. According to cut-off values, age, d-dimer,
ferritin, C-reactive protein, procalcitonin, a dose of midazolam, durations of
midazolam, and fentanyl administrations were added to the multivariate binary
logistic regression model. The Backward method was used in the regression
model and it was not found a significant relationship between the likelihood
of neurologic impairment and each of age, C-reactive protein, durations of
midazolam, and fentanyl administrations

In this study, the fact that the patients with impaired
consciousness were significantly younger (p=0.002) than the
patients without impaired consciousness, as well as the fact
that their inflammatory parameters were significantly higher,
was not surprising because the decline of the immune system
with age is typically reflected in a poorer response to infectious
diseases (13). This could explain the uncontrolled inflammatory
response seen in younger people in response to COVID-19.
Yet, a younger age alone cannot always be associated with
neurological complications. In fact, the immune system
dysfunction seems to be somehow aggravated, possibly due
to genetic factors yet to be described.

It must be acknowledged that this study had a number
of limitations. First, the study had a retrospective and
multicenter design, which meant that subclinical cases
were not examined further. Second, the study included only
a limited number of ICU patients and a limited number of
patients who underwent cranial MRl and LP

Table 2. Cut-off values for likelihood of neurologic impairment
Variables Cut-off values AUC (95% Cl) P
Age <66 0.81(0.69-0.90) <0.001
D-dimer, (ug/mL) 245 0.76 (0.63-0.89) 0.001
Ferritin, (hg/mL) >1,150 0.73 (0.59-0.86) 0.003
C-reactive protein, (mg/dL) >22.7 0.72 (0.59-0.85) 0.003
Dose of midazolam (mg/kg) >12.2 0.69 (0.57-0.82) 0.007
Duration of midazolam administration, (days) >7.5 0.69 (0.56-0.82) 0.007
Duration of fentanyl administration, (days) >8.5 0.68 (0.55-0.82) 0.010
Procalcitonin, (ng/mL) >1.62 0.67 (0.54-0.80) 0.019
AUC: Area of under curve, Cl: confidence interval

Conclusion

The use of sedative agents may not always be
responsible for patients’ delayed recovery from deep
sedation. When other causes have been excluded, the
possibility of neurological complications should be strongly
considered. Moreover, all patients with severe COVID-19
should be screened for signs of hyperinflammation due
to the associated risk of neurological complications. The
early detection of at-risk cases and the prompt initiation of
specific treatment could result in better disease outcomes.
However, larger prospective studies are required to confirm
the findings of the present study.
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