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ABSTRACT

Background and Objective: Prothrombotic coagulopathy is a characteristic feature

of severe COVID-19 leading to multiorgan failure and death. Extensive pulmonary
vascular microthrombi with relatively preserved lung compliance has been described
to be a critical factor for refractory hypoxemia in severe COVID-19. This study is
done to assess the effect of recombinant tissue plasminogen activator in severe
COVID-19 patients associated with hypoxemia refractory to standard line of

treatment.

Method: Patients with severe COVID-19 infections confirmed by standard tests
(RTPCR or HRCT thorax) who were admitted to ICU between August 1 2020 to
October 31 2020 and who received rtPA were retrospectively analyzed using medical

records.

Results: A total of 40 patients were selected based on the inclusion and exclusion
criteria out of which 77.5% were males and 22.5% were females with a mean age was
61.30+/- 11.72 years, 100% of patients with a CORADS score of 5, 55% of them
having CT severity score (CTSS) of >15. There was no statistically significant
improvement in the biomarkers hs-CRP, ferritin, IL-6, or LDH. However, there was a
statistically significant increase in D-dimer after rtPA administration. There was a
statistically significant improvement in PaO2 (p<0.03) and PaO2/FiO2 ratio (p
<0.001) 24-48 hrs after rtPA administration. 32.5% of the patients had adverse events
post rtPA administration, the most common being haematuria (10%) and nasal

bleeding (10%). 70% of the patients who received rtPA expired.
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Conclusion: rtPA administration did not have any mortality benefits in addition to
standard of care treatment athough there was improvement in the PaO2 and PaO2
[FO2 ratio 24-48 hours post-administration in severe COVID-19 patients with severe

refractory hypoxemia. Mortality was seen in 70% of the patients.
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I ntroduction

INTRODUCTION

A novel coronavirus known as SARS-COV2 caused the COVID-19
respiratory illness outbreak in the year 2019(December). In Wuhan, Hubei, China, a
wholesale wet market for seafood was where the first outbreak was discovered. The
outbreak of this mysterious illness manifested as pneumonia characterized by fever,
dry cough, easy fatiguability, cold, sore throat, and occasiona gastrointestina

symptoms.*

Most patients with COVID-19 demonstrate mild symptoms with a good
prognosis while some patients progress rapidly and develop ARDS, acute respiratory
failure, and other complications that eventually result in significant morbidity and
mortality in intensive care units. Regardless of the cause, ARDS is linked to fibrin
deposition in air spaces and fibrin-platelet microthrombi in the pulmonary vasculature,
both of which are frequently seen in the lung microvascul ature of COVID-19 patients.
With increased clot formation and propagation as well as fibrinolysis suppression, this

pathologic fibrin deposition is asign of adysfunctional clotting system.?

This prothrombotic state created as a result of COVID- 19 infection, leads to
disseminated microvascular thrombi in the lungs. These microvascular thrombi
further worsen the severity of ARDS.3 This is supported by pathological evaluations
of patients who died of respiratory failure due to COVID-19 infection which revealed
extensive pulmonary microvascular thrombi after autopsy. Furthermore, the
assessment of whole blood coagulation in criticaly ill COVID-19 patients using
viscoelastic testing consistently showed a hypercoagulable state with increased clot

strength and fibrinolysis resistance. 4
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These factors suggest that the patients with refractory hypoxemia secondary to
severe COVID-19 had relatively preserved lung compliance but have been associated

with severe perfusion defects.

Hypoxemia secondary to COVID-19-induced ARDS was refractory to

traditional supportive therapies.

Clinical outcomes and surviva to discharge were improved in patients who
were not yet in need of invasive mechanical ventilation by therapeutic anticoagul ation
when compared to the prophylactic anticoagulation arm in a Randomized, Embedded,
Multifactorial Adaptive Platform Trial for Community-Acquired Pneumoniatrial.* On
the other hand, no benefit was observed when anticoagulants were given in
therapeutic doses after the onset of severe respiratory failure, indicating this treatment
isonly effective when initiated before a significant clot burden has built up in the lung

vasculature.*

For the benefit of patients with ARDS with associated pulmonary clot
formation, targeting the coagulation and fibrinolytic systems appears appropriate.
Hardaway and colleagues described a small, uncontrolled human trial in severe ARDS
in 2001, demonstrating that uro/streptokinase led to a significant improvement in

oxygen requirements without bleeding events.?

Among the fibrinolytics tPA is considered to be having higher therapeutic
efficacy and safety. Therefore, it is hypothesized that tPA has a potentia role as a
fibrinolytic in restoring the patency of pulmonary microvasculature, improving
oxygenation, and decreasing dead space ventilation in such group of patients with

COVID-19 induced severe respiratory failure with increased risk of mortality.
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Patients with prothrombotic presentations, relatively preserved lung compliance on
the ventilator, and high aveolar-arterial oxygen gradients may potentialy be

considered for fibrinolytic therapy.*

Many successful treatments of ARDS due to COVID-19 disease with

fibrinolytic therapy has been reported in various case reports.

Barrett et a., * in a large vanguard multicentre randomized control study
consisting of 2 groups, tPA bolus (50-mg) group vs control group and tPA infusion
(2 mg/h) group vs control group, proved that at 6 hours through 168 hours after
randomization, the PaO2 to FiO2 ratios in the group who received tPA bolus were
significantly (P.017) higher than baseline. There was no significant improvement in
the control group. Patients who received tPA bolus did not differ statistically
significantly from control participants in the percentage change of PaO2 to FiO2 ratio
at 48 hours (16.9% control vs. 29.8% tPA bolus), ventilator-free days (0 vs. 12), and
mortality (41.2% vs. 21.1%). Patients who recieved tPA infusion had no clinical

benefits.

Hence the present study is undertaken to evaluate the role of rtPA as salvage
therapy in patients who had refractory hypoxemia due to COVID-19 infection or in
those patients requiring higher oxygen supplementation including NIV support and

HFNC supplementation.
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Objectives

OBJECTIVES

1. To assessthe mortality benefits of Recombinant Tissue Plasminogen Activator
(rtPA) in severe and critical patients of COVID-19 accompanied by refractory
hypoxemia.

2. Comparison of COVID inflammatory markers in patients following treatment

with rtPA.
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REVIEW OF LITERATURE

DEFINITION :
WHO defines coronavirus disease as an acute respiratory infection caused by

the severe acute respiratory syndrome (SARS) Coronavirus-2

EPIDEMIOLOGY :

In December 2019, a series of atypical respiratory infections wrecked the
Wuhan city of Hubei province of China. After being declared a public health
emergency on 30th January 2020, COVID-19 disease was declared a pandemic on
11th march 2020 by WHQInitially, the outbreak of severe pneumonia was limited to
China. Eventually spread throughout the world. Within each country and community,
the incidence of COVID-19 depended on population density, degree of testing, and

timing of mitigation strategies such as social distancing.

As of February 6th, 2020, a total of 28,276 confirmed cases with 565 deaths
globally involving at least 25 countries.111.5 million cases worldwide with
approximately 5,36,893 deaths as of July 6th, 2020.0n October 11th, 2020, 37 million
confirmed cases with 1 million deaths as per data received by WHO by national
authorities?On January 30, India reported its first COVID-19 case. On March 4, 2020,

22 new cases were identified, mostly in a group of Italian toufists.

Globally, the largest cumulative cases were seen in the United Shatks,

and Brazil®
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SARS COV-2 VIRUS — EVOLUTION

Unknown pneumonia was discovered in Wuhan city, Hubei province, China,
in November 2019. The symptom onset of the first laboratory-confirmed case was on
December 1, 2019, in Wuh&hmitially, an outbreak involving at least 41 people was
reported at a local market, the Huanan Seafood Market. A total of 59 suspesesl c
of fever and dry cough were directed to a specific hospital (the Jin Yin-tapitéds
Next-generation sequencing or RT-PCR confirmed 41 of 59 suspected casks. In t

days that followed, a wave of cases spread from Wuhan to the rest of Hubei province.

As a result, this virus infected many cities and provinces. One of the reasons
could be the huge transportation load during the Chinese Lunar New Year period
(January 25). On January 13, 2020, the first exported case arrived in Thailand. The
disease, on the other hand, spread quickly and globally. Officially WHO naheed t
disease outbreak “Coronavirus Disease-2019 (COVID-19)” on February 11, 2020,
and the virus SARS-CoV-2 was named by the International Committee on Taxonomy
of Viruses (ICTV). After SARS-CoV and MERS-CoV, SARS-CoV-2 is thetey's

third zoonotic human coronavirgs.
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VIROLOGY

TAXONOMY @

ORDER

FAMILY

Coronaviridae

v
SUBFAMILY

.

Coronavirinae

a - Coronavirus 1

HCoV-OC43 BitCoV-HKU4
HCoV-HKU1 BrCoV-HKUS

HCoV-NL63

Figure 1: Taxonomy of SARS-CoV-2

Because of the presence of crown-like morphology-based electron

microscopic studies, the term "Coronavirus" was coined in 1968. In 1975, the

International Committee on Virus Taxonomy classified it as belonging to tméyfa

"Coronaviridae" of the order "Nidovirales$."

Coronaviruses (CoV) are categorised into four genera, includiig/s-CoV.
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MORPHOLOGY 8

SARS CoV-2 virus is an enveloped virus. The diameter of the virions ranges
from 60 nm to 140 nm. It has club-shaped spikes on the surface, the size of which
ranges from 9 nm to 12 nm giving the appearance of a solar corona to the virus and a
large positive sense RNA genome (26-32 kilobases). The enzyme functions that
combat the “high error frequency of viral RNA polymerase” help the RNA genome's

unique replication strategy.

_ %—» M protein

_ %—o S protein

S protein: Spike Glycoprotein having two subunits (S1 & S2)
M protein: Membrane protein

N protein: nuclear Protein

E protein: Envelope Protein

HE: Hem-agglutinin Esterase dimer

Figure 2: Structure of SARS-CoV-2

The structural elements of virus are:

1 Spike protein (S),
2 Membrane protein (M)
3 16s Nucleo-capsid protein (N) and

4 Envelope protein (E)
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5 Viral genome

SPIKE PROTEIN:

These are club-shaped projections protruding from the virion's surface. These
spikes are unique to the virion and resemble a solar corona, hence the name
Coronavirus. These are made of peplomers of 80—-160 nM in size with 27-32 kb

positive polarity.

The S protein has two subunits

“S1 subunit” - made of “N-terminal domain (NTD)” and receptor binding
domain (RBD). Binding to the receptor on the host cell is the primary function S1

subunit.

“S2 subunit” - Creates the stalk that gives the spike its shape thus facditat

the fusion of viral membrane and host cell membrane.

Between the S1 and S2 subunits is the S1-S2 protease cleavage site. Host
proteases cleave spike glycoprotein at the S2' cleavage site for all corgesyir
activating the proteins that are required to fuse the membranes of viruses and host

cells via irreversible conformational changes.

RBD present on SARS-CoV-2 spike protein specifically recognizes the ACE2
receptor. RBD contains a receptor binding motif (RMF) that contains the magurity
ACE-2 binding sites. RBD undergoes conformational transitions like a hinge,
resulting in exposure of the spike protein's determinants to engage a host cell

receptor
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RBD is an important target for antiviral agents and antibodies

M PROTEIN °

The CoV membrane protein (M) is the most abundant glycoprotein in the CoV
particle and is a type Il transmembrane glycoprotein. Despite variatione
primary M protein sequence, M protein predicted secondary structures areamead.

The M protein is about 230 amino acids long and is made up of three parts: a short N-
terminal domain outside the virion membrane, three transmembrane domains, and a
carboxy-terminal domain inside the particle. M protein, which is found in thasvir
envelope along with small amounts of E, is the primary driver of the virus budding

process.

M interacts with itself, the nucleocapsid protein N, E, and the S proteimguri
the assembly of the authentic virion. M protein exists as a dimer in the virion, and
high-resolution imaging has revealed that it exists in two conformatiamgy hnd
compact (MLONG and MCOMPACT), which together induce membrane curvature

and nucleocapsid binding.

NUCLEOCAPSID PROTEIN 10

It is a highly conserved structural protein throughout the Coronavirus genus.
The N protein of SARS-CoV-2 is 419 amino acids long and is encoded by the virus's

ninth ORF.

Functions:

» packaging the viral genome RNA into a long helical ribo- nucleocapsid (RNP)

complex
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» viral assembly by interacting with the viral genome and membrane protein

M.

The N protein and genomic RNA combine to form a helical nucleocapsid

which is surrounded by viral membrane (M) proteins with icosahedral structures.

ENVELOP PROTEIN

The CoV E protein is a short, integral membrane protein containing 76-109

amino acids and weighing 8.4 to 12 kDa.

E is abundantly expressed inside the infected cell during the replicatioe, cycl
but only a small portion of it is incorporated into the virion envelope. The majority of
the protein is found in intracellular trafficking sites such as the ER, Galgi ERGIC,
where it participates in CoV assembly and budding. Recombinant CoVs lacking E
have significantly lower viral titers, and are unable to mature, or produce propaga
incompetent progeny, demonstrating the importance of E in virus production and

maturation.
The CoV E protein serves three functions.

1. The interaction of the cytoplasmic tails of the M and E proteins drives the
production of VLP (virus-like particles), implying that E is involved in viral
assembly.

2. The hydrophobic trans membrane domain of E is also important for viral
release.

3. Finally, SARS-CoV E is linked to the virus's pathogenesis.

VIRAL GENOME 12
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Coronaviruses have the largest known non-segmented RNA viral genome,
which is linear positive-sense, infectious, single-stranded RNA tha&80skb and is 5

capped and’'3olyadenylated.

A leader sequence and an untranslated region (UTR) containing multiple stem-
loop structures required for RNA replication and transcription are found &' thwed
of the genome. Furthermore, at the start of each structural or accessoragene
transcriptional regulatory sequences (TRSs) that are required for eachsefgbres
to be expressed. The BTR also contains RNA structures required for viral RNA

replication and synthesis.

The coronavirus genome is organized as followsle&der-UTR-replicase
(ORF1lab)-spike (S)-envelope (E)-membrane (M)-nucleocapsid )F3-poly (A)

tail.12

5' -terminal two-thirds of the genome

Which is about 20kb and contains two open reading frames (ORFs), 1a and 1b,
which encode for replicase polyprotein which cleaves itself to formridrstructural

proteins(nsps)required for replication transcription complex (RTClormation?®

The enzymatic activities and functional domains of CoV’s non-structural
proteins(nsps) are expected to be conserved across CoV genera, implying their

importance in viral replicatiof?

3' — terminal proximal third of the genome

It is about 10kb. The four major structural proteins are encoded in these

reading frames: spike, envelope, membrane, and nucleocapdding frames for
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the accessory proteins are interspersed between these reading framesinber of

accessory proteins and their functions varies according to the coronavirus.

THE RNA-DEPENDENT RNA POLYMERASE (RdRp)

In coronavirus replication/transcription, RdRp is an important component that
catalyzes viral RNA synthesis. It is a significant antiviral drug ta®@ARS-CoV-2
replication is dominated by a replication/ transcription complex composedvefale
subunits. The complex is made up of viral non-structural protein, with the RdRp in

nspl2 serving as its cofe.

THE MAIN PROTEASE ¢

The main protease (Mpro) of SARS-CoV-2 is critical in mediating viralege
replication and transcription. Mpro hydrolyzes the polyprotein(pp) at lelester

conserved sites, beginning with cleaving Mpro's ppla and pplb.

Host cell infiltration by SARS-CoV-2 requires spike protein. RdRp and main
protease are required for SARS-CoV-2 replication. As a result, the spikemrotain
protease, and RdRp are important anti-SARSCoV-2 drug targets, providing ateas f

antibody, drug, and vaccine development.

VIRAL LIFE CYCLE

The life cycle of SARS CoV-2 inside the host cell is divided into several
stages. The viral protein S binds to the ACEZ2 cell receptor present in the babnchi
epithelial cells and alveolar pneumocytes in the host. The resulting conformationa

changes in the spike protein cause fusion of viral envelop with the host cell membrane
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by endosomal pathways and viral replication. Membrane fusion allows the virus entry
into the cell. Once inside the host cell, the virus releases its RNA intoethebich is
translated into functional RNA polymerase protein with the help of host ribokoma
machinery. The polymerase helps to make a series of mRNAs by interrupted
transcription, and ultimately these mRNAs are translated into apprepvial
proteins, N, M, S, and E proteins. The N protein is translated in the cytoplasm
whereas the M, E, and S proteins are translated on the rough endoplasmianeticul
(RER) due to post-translational modifications. The structural proteins M, ESaadd

N proteins are then assembled.

In the Golgi vesicle, the assembled viral components mature further to form
the mature virion with the lipid envelope. By the process of exocytosis, matured
virions are released outside the host cell, ready to bind to other host cebsoddurs

repeatedly.
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ACE2 receptor

Cytoplasm
\S\S Viral RNA (+ sense)

«€ Viral polymerase — @@NNSNS Viral RNA (- sense)

l

L )
ﬁf Spike glycoprotein (S} & l,‘/‘l/ljvwal RNA (+ sense)
@® Membrane glycoprotein (M) 1 Interrupted transcription
@ Envelope protein NNNSNS .
FAVAY a series of MRNAs
Nucleocapsid protein FAVAVAYAY

l Translation

Vi -
e if Viral structural and
& nucleocapsid proteins
PAUELL,
‘3’\‘; =i {‘-3____ l Assembly
R ¥
B ol

Assembly of virion in ER and
Golgi complex

Figure 3: Life cycle of SARS-CoV-2

TRANSMISSION: 15

Person-to-person transmission via respiratory droplets is thought to be the
most common mode of transmission. Such transmission is thought to occur in close

proximity (less than 6 feet, or 2 m) via respiratory droplets larger than® dieimeter.

Respiratory secretions of the patients infected can come into direct tontac
with the mucosa of healthy individuals who are not infected while sneezing, coughing,
or talking. As a result, wearing masks in public is considered a cornerstoneR$SA

CoV-2 prevention, with indirect evidence indicating efficacy.
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The role of aerosolized virus (particles smaller than 5 m in diametemtlast
remain suspended in the air) as a mode of transmission over distances tjiraater

m is debatable but may have a role in some cases.
Following are examples of evidence that support aerosol transmission:

(1) SARS-CoV- 2 grown in tissue culture remained viable in aerosol for up to
3 hours

(2) The viral RNA was found in the ventilators used for infected patients

(3) respiratory droplets generated by speaking were shown to dehydrate into

aerosols that remained airborne for extended periods.

#% Aerosols ¥

<5 pm diameter
>6 feet distance

/ \
Droplets é __—ﬁ /
N

> #5 N\
>5 pm - \jk ;|
diameter ) -’?(||
<6 feet \'H

distance /

SARS-CoV-2 5 o Susceptible
infected host - host
Environmental
stability

Figure 4: Transmission of SARS-CoV-2°
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Type and exposure duration also have an impact on transmission, with
prolonged close contact in confined, crowded, or poorly ventilated environments

posing the greatest risk.

The precise duration of a person's infectivity with the SARS-CoV-2 virus is
unknown, but current evidence suggests that infected individuals may be infectious 2
to 3 days before symptoms appear, and that asymptomatic or presymptomatic
infection plays a significant role in disease transmission. The amount of Ri¥&l
shed varies and may be affected by the severity of the illness; howeveyritlsar

whether RNA shedding correlates with the presence of an infectious virus.

PATHOGENESIS

Through the process of genetic recombination and variation, coronaviruses can
adapt to new hosts and cause infection.
Early in infection, SARS-CoV-2 targets cells such as nasal and bronghihlegal
cells, as well as pneumocytes, via the viral structural spike(S) proteinhvamcls to
the angiotensin-converting enzyme 2 (ACE2) receptor. Transmembrane serine
protease 2 (TMPRSS2) present on type 2 alveolar cells cleaves ACE?2 taratesc
the S-protein of the virus which promotes viral entry into the host€ell.

Following endocytosis, the membrane fuses between the mature endosome
and virion with the help of TMPRSS2, resulting in the release of SARS-CaWNA
into the intracellular space. The replicase and structural proteins are pubdiyc

translating the RNA by host machinery. The replicase is cleaved into norntstalic
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proteins by host and SARS-CoV-2 proteases, including the RNA-dependent RNA
polymerase (RdARp}®

RdRp is involved in RNA replication and amplification. SARS-CoV-2
transmembrane proteins (spike [S], envelope [E], and membrane [M]) are treetspor
to the forming viral capsids via the endoplasmic reticulum and Golgi apparatus.
Through association with the transmembrane viral proteins, the virus is blesehy
adding viral RNA and nucleocapsid (N) protein. The newly synthesized virat|eest
are released as a result of exocytdsis.

The viral immune responses which include both the innate and adaptive
immune responses reduce the synthesis of lymphocytes and increase lymphocyte

apoptosis.

When viral replication accelerates in the later stages of infectiorintbgrity
of the epithelial-endothelial barrier is compromised. Pulmonary capillary betiak
cells are also infected by the virus thus enhancing the inflammatory response and
causing the migration of monocytes and neutrophils to the site of infet&ion.

In addition to endothelialitis, the alveolar wall thickens due to the infittrat
of mononuclear cells. Alveoli are filled with fluid followed by hyaline merabe
formation corresponding to the early phase of ARDS. Lung angioedema induced by
bradykinin may contribute to the disease.

COVID -19 induced ARDS is characterized by endothelial barrier disruption,
impaired oxygen diffusion capacity, and dysfunctional alveolar-capillary axyge
transmission. The interstitial mononuclear inflammatory infiltrates eseima appear

as ground-glass opacities on CT thotéx.
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Virus enters host cell via endocytosis,
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to replicate itself and assemble more virions.
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progressing infection.

Early-stage COVID-19

Bronchial epithelial cells, type | and type Il alveolar
pneumocytes, and capillary endothelial cells are
infected, and an inflammatory response ensues.
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Late-stage COVID-19

Continued inflammatory response results in
alveolar interstitial thickening, increased 0
vascular permeability, and edema. [¢] o o
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Figure 5: Pathophysiology of COVID-19 diseas®

Coagulopathy and Thrombosis in COVID-19

COVID-19 induces a hypercoagulable state through distinct mechanisms
centered on thrombosis and inflammation. The initiation of the inflammatory and
thrombotic cycle occurs when the SARS-CoV-2 gains entry into the alveolar
epithelium through ACE-2 receptors. This results in a heightened inflamynator
response which sets an environment suitable for thrombosis via the mechanisms like

complement activation, cytokine storm, endothelium,étc.

Several studies show that high levels of LDH, CRP, IL-6, ferritin, D-dimer
and fibrinogen suggest that COVID-19 causes a severe proinflammatorgtstatgly

supporting the concept of thrombo-inflammatidn

1) Localized intravascular coagulopathy
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The initial viral damage to the alveolar epithelium and pulmonary vascular
endothelium after the viral entry into the cells induces an inflammatory respams
formation of pulmonary microvascular thrombi. This process may progress into the
systemic circulation leading to more generalized endothelial dysfunatidnmicro-
thrombotic complications in various other organs like kidneys, brain, etc resulting in

multiple organ failure-’

2) Inflammatory cytokines

Cytokines are the signaling molecules that control and regulate immune
responses, inflammatory responses, hematopoiesis, and cell migtafigaregulated
immune response resulting in cytokine storm is an important driver of pathology in
critically ill COVID-19 patients.

Following are the mechanisms through which cytokines are involved in the pathology
of covid 19:
* Increased expression of IL-6 in the airway epithelium of the infectectptsti

is caused by the binding of NEB regulatory elements of the IL-6 promoter N

protein of the virus. SARS-CoV-2-specific PRR activation is thought to be the

mechanism through which high IL-6 levels are maintaif€dThe vascular
permeability is increased due to the actions of IL-6, IL-1, and TdNEading

to the destruction of alveolar-capillary barrier and edema in the alveoli.

Fibrosis in addition to lung inflammation is caused by TP

* In addition to these pro-inflammatory cytokines are known to cause the
downregulation of important physiological anticoagulant pathways, as well as

abnormal clot formation and platelet hyperactivation.
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* Excess release of cytokines causes thrombosis via a variety of other
mechanisms such as thactivation of monocytes, neutrophils, and
endothelial cells all of which result in a prothrombotic staté.

3) Endothelial activation & dysfunction

COVID-19 is thought to cause endothelial activation or dysfunction via the

following mechanisms:

a) inflammatory cytokines : as described previously

b) activation of complement in the blood

The complement system is an innate immune response mediator that promotes
inflammation, defends against bacterial infections, and frequently neesaliz

infectious viruses.

Generally, complement cascade is activated through three pathways:

1. Classical pathway: stimulated by antibody-antigen complexes
2. Alternative pathway: stimulated by specific surface antigens
3. Lectin pathway: stimulated by binding mannose residues on the pathogen

surface.
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All the 3 paths converge to a common pathway that begins with the activation of C3
and C5 components. C3 convertase cleaves C3 into C3a and C3b. C3b cleaves C5 into

Cb5a and C5b. C6-9 combines with C5b to form a membrane attack complex.

Complement system

Classical pathway Lectin pathway Alternative pathway
Elq% Ean b CoATeE .%"'B'- PathogErs. injned tisue e £k
}% Lt by mannase Q
on pathogens
H MASPs
z 4

, c3

- C3b
1 * . opsonization
-
e L5 convertase

Phagocytosis cs C5b lcﬁ' et
Lo

=
C5b-9 Eﬂm Cell lysis and activation

Figure 6: Complement pathway

Functions of complement components:

¢ (C3aand Cbha: induce local inflammation
* C3b: opsonization of pathogen

* Membrane attack complex: lysis of pathogen leading to cell death

The activation of the coagulation cascade by the virus in turn causes
complement hyperactivation. The proteins in the coagulation pathway namely
thrombin and plasmin can cleave C3 into C3a and C5 into C5a the levels of whkich ar

significantly raised in severe COVID-19 patients.

Dysregulated activation of the complement system also contributes to cytokine

storm, through the pro-inflammatory effects of C3a and C5a anaphylatoxins. This
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vicious cycle repeats leading to pulmonary microvascular thrombi, DIC, and
multiorgan failure. These effects are likely to be more severe inmqati#ho have a

genetic predisposition for decreased complement regulation.

c) Sars-COV-2 infection of endothelial cells via the ACE-2 receptor

RAS dysfunction has an important role in ARDS in general and COVID-19
infection in particular due to various reasons. SARS CoV-2 has a high aftmitye
enzyme ACE-2. Therefore, the spike protein fuses with the ACE-2 present tioshe

membrane to invade the host cell.

Angiotensin | (ANGI) is cleaved by the enzyme ACE-2 to produce ANGII which
causes vasoconstriction when it binds to the Angiotensin Type | Receptor (AT1R).
Binding of the virus to ACE-2 results in the depletion of ACE-2 due to virus
internalization and ACE-2 shedding. As a result of a decrease in ACE-2slevel
degradation of ANGII decreases resulting in exaggerated injury to the ANGII

via negative feedback inhibits ACE-2 which is primarily expressed on thke cel
surfaces of lung vascular endothelial cells, but also found in extrapulmonanetis

the heart, the nervous system, the intestine, kidneys, blood vessels, and muscles,
which may explain the multi-organ dysfunction seen in COVID-19 patiehtse
binding of ANGII to AT1R may stimulate IL-6 release, further contributing to

cytokine storm.

Recent studies showed lung injury and viral load were directly proportional to
ANGII levels in the plasma. Furthermore, in patients with comorbidities HTN,
DM, and cardiac diseases which are associated with low ACE-2 expmeast the

baseline (implying imbalance in ACE/ACE-2), COVID-19 appears to be #ssac
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with poor outcomes. Therefore, the RAS pathway derangements contribute to a

hypercoagulable state and subsequent morbidity and mortality.

4) Mononuclear phagocytes (MNPs)

Macrophages, which are derived from circulating monocytes, are antigen-
presenting cells involved in phagocytosis. Release of vasodilators like cytaotiosec
oxide, proinflammatory cytokines production, and phagocytosis of pathogens are
carried out by M1 macrophages whereas production of IL-10 and other anti-
inflammatory molecules and tissue repair is carried out by M2 macropltadeshe
early stages of infection macrophages limit the viral replication by imgitype | IFN

response, inducing CD4+ T-cell differentiation, and recruiting other immune*el

The virions, on the other hand, can infect macrophages directly and alter them
to avoid detection. These macrophages release IL-6 in large quantities wtiiaim

triggers the release of CRP, which is usually not seen in viral infections.

Slow recovery of the tissues and complications which persists for a long time

eventually results in death because of the rise in M1 phenotypic macroptiages.

5) Neutrophil extracellular traps

Infections caused by bacteria and fungi are marked by neutrophils which are
the "first responders”. The burst release of IL-6 and chemokines such as CX€L8
CXCL2 causes neutrophils to migrate from the bone marrow and be rapidly recruite

to the lung parenchynd.
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The functions of the neutrophils ar:

Pathogen phagocytosis and antimicrobial protein degranulation thereby

preventing the infection.

* Inhibit replication of virus by producing cytokines

e Suppress viral activity by producing a large number of reactive oxygen
radicles.

» Neutrophils activated by SARS-CoV-2 can also induce apoptosis of infected
cells

» Creates NETs containing bacteria-killing proteins such as cathepsin G,

neutrophil elastase, and lysozyme that stop the virus from spreading by

trapping and inactivating the vird42°

Exaggerated NETosis causes damage to the endothelium of pulmonary
vasculature leading to the release of von Willebrand factor. This factbstviiulate
neutrophils and platelets to form clots. An elevated neutrophil count is a poor
prognostic indicator, and NETosis is associated with organ damage and death in

patients with severe COVID-19 infection.
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Inflammatory Cytokines

i“ - ® Alveolar Space

Fibrin

Figure 7: Pathophysiology of coagulopathy in COVID-19

COVID-19-induced coagulopathy has a bidirectional intéoa of inflammation and thrombosis.
Following the entry of the virus severe inflammatory resgois initiated in the alveoli. As a result,
inflammatory cytokines released activate epithelials;athonocytes, and macrophages. Direct binding
of the virus to the ACE2 receptor causes endothelial dan@geession of TF, activation of platelets,
and rise in levels of VWF and FVIII. This leads to thrombin guoation and fibrin clot formation.
Thrombin promotes NET formation in neutrophils via its effeon platelets which aggravates
inflammation. It also activates endothelial cells via th&RPreceptor leading to C5a release, which

further contributes to hypercoagulability”

CLINICAL FEATURES
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Incubation period: 14 days post-exposure, but in most of the patients it is 4-5

days post-exposure.

Clinical presentation varies widely from asymptomatic to respiratarkre

and death.

Phases of COVID-19 infection:

Early phase (Phase B¢

The first stage occurs during disease inoculation and early establishment.
SARS-CoV-2 multiplies and settles in the host, concentrating on the rempira
system. During this time, SARS-CoV-2 binds to its target via the angiotensin-
converting enzyme 2 receptors on human cells. These receptors are abundant in the
epithelium of the human lung and small intestine, as well as the vascular endotheli
The infection usually presents with mild respiratory and systemic symptdue to

the airborne mode of transmission and affinity for pulmonary ACE- 2 receptors.

Most people experience an incubation period characterized by mild and often
non-specific symptoms such as malaise, fever, and a dry cough. Patients sonay al
present with less frequently occurring symptoms like a sore throat, artyralgils,

rhinorrhea, nausea, vomiting, or loss of taste or smell

Prognosis and recovery are excellent in patients who can keep the virus

limited to this stage of COVID-19.

While some patients remain in this stage, others move on to stage Il or stage

I, which are more severe.

Pulmonary phase (phase 11)26
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Phase Il of the virus infection involves the virus infecting the lungs and
invoking the innate immune response. There is viral multiplication and localized
inflammation in the lung. Patients develop viral pneumonia at this stage, woitfhe
fever, and possibly hypoxia (defined as PaO2/FiO2 300 mm Hg). Patients experi
symptoms like a worsening cough, fever, dyspnea, and low oxygen levels. Most
patients need to be hospitalized during this phase. Antiviral therapy is useevienpr
viral entry and invasion while also limiting viral replication during this phasf

treatment.

Hyperinflammatory phase (phase Il1):26

A subset of COVID-19 patients will progress to the third and most severe
stage of the illness, known as extra-pulmonary systemic hyperinflammsyndrome.
Systemic inflammatory markers appear to be elevated at this stagelDETV
infection reduces the number of helper, suppressor, and regulatory T cells.
Inflammatory cytokines and biomarkers such as IL-2, IL-6, IL-7, granulocgteny-
stimulating factor, macrophage inflammatory protein 1-a, tumor necrodisrfacC-
reactive protein, ferritin, and D-dimer are significantly higher in @atis with a more
severe disease which is known as the cytokine sto@gtokine storm is defined as a
life-threatening overactivation of immune cells and dysregulated inflaiomna
cytokine/chemical production? Troponin and N-terminal pro-B-type natriuretic
peptide levels can also rise the number of T cells decreased. Patientxpesience
a variety of complications as a result, including multiorgan failure, AR&18| sepsis.
Shock, vasoplegia, respiratory failure, and even cardiopulmonary collapse cearbe s
at this stage. During this stage, systemic organ involvement, including nadjosar

would manifest.
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Overall, the prognosis and likelihood of recovery from this critical stage oiilthess

are poaor.

Stage | Stage ll Stage lll
(Early Infection) {(Pulmonary Phase) (Hyperinflammation Phase)

|
: I8

Severity of lliness

Time course
Clinicol Mild constitutional symptoms Shortness of Breath without ARDS
S Fever >99,6°F (I1A) and with Hypoxia (IIB) SIRS/Shock
Symptoms Dry Cough

(Pa02/Fi02<300mmHg) Cardiac Failure

Elevated inflammatory markers

Abnormal chest imaging
Transaminitis
Low-normal procalcitonin

(CRP, LDH, IL-6, D-dimer, ferritin)
Troponin, NT-proBNP elevation

m Lymphopen’a

—— o —

Figure 8: Phases of COVID-19 disease

ASYMPTOMATIC INFECTION:
Asymptomatic infections have been extensively studi&e&: 33% of people
infected with SARS-CoV-2 never develop symptoms according to a study whish wa

conducted before the introduction of vaccines for COVID*4.9.

Asymptomatic patients may have objective clinical abnormalities such as
typical ground-glass opacities or patchy shadowing, as well as atypicalinghag

abnormalities on the CT thorax.

Some people who are asymptomatic at the time of diagnosis develop

symptoms later on (i.e., they were actually pre-symptomatic).

The spectrum of severity and fatality rates
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The severity of symptomatic infection ranges from mild to severe; the majufr
infections are not severe. According to a report from the Chinese CDC which

included 44,500 confirmed cases showed the followifg.

81% of mild cases (ho pneumonia or mild pneumonia)

* 14% had severe disease (e.g., dyspnoea, hypoxia, or >50% lung involvement
on imaging within 24 to 48 hours)

e 5% had a critical disease (e.g., respiratory failure, shock, or multiorgan
dysfunction)

 The overall case fatality rate was 2.3 percent, with no deaths among

noncritical cases reported.

Acute course and complications

Some patients with mild symptoms may progress over a w&dk. a study
done on 138 hospitalized patients in Wuhan, it was observed that dyspnea appeared an
average of 5 days after the onset of symptoms, and hospital admission took péace aft
an average of 7 days of symptoms. The average time to develop dyspnea in a different

study was eight days?®

Respiratory failure:

Immediately after the onset of dyspnea, ARDS can occur, which is a major

complication in critically ill patientsThe most important risk factor for developing
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ARDS seems to be age. Other factors include male sex, socioeconomic background,
high fever (39°C), blood type, and specific laboratory and viral features.
Comorbidities (such as obesity, hypertension, and metabolic syndrome)sar¢hal

important risk factors.

Specifically, among the critically ill:

* The predominant finding is a profound acute hypoxemic respiratory failure

from ARDS3%-#
* Hypercapnia is uncommon (unless associated with, for example, COPD
exacerbation or narcotic overdose).

* During ICU admission, fevers frequently wax and wane, especially in the fir

few days to a week.

* Between 20 and 100 percent of critically ill patients who are admittetiéo t

ICU require mechanical ventilatich-#

Thromboembolic manifestations:

The spectrum of thromboembolic manifestations is wide and seems to vary
greatly between different people. Even when prophylactic anticoagulatiorusess
venous thromboembolism (VTE), including extensive deep vein thrombosis (DVT)
and pulmonary embolism (PE), was very common in critically ill COVID-18qrds
early in the pandemic, occurring in up to one-third of patients in the intensiee ca

unit (ICU). 447

In ICU patients The prevalence of VTE was high in case series of intensive care unit

(ICU) patients during the early stages of the pandemic (range, 20 to 43 percigmt), w
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the majority of cases being pulmonary embolisms (PE), despite prophylactic-dose

anticoagulation, and decreasing rates of VTE over time.

Inpatients (non-ICY)t The rate of VTE is higher in non-ICU inpatients, but to a lesser

extent than in ICU patients.

Outpatients Although thrombotic events have been observed in COVID-19 patients

who were not hospitalized, VTE appears to be uncommon in outpatients.

Sepsis, septic shock

In the 2016 update of the SSC guideline, sepsis is now defined as a life-
threatening organ dysfunction caused by a dysregulated host response to inféction
The risk of progression from severe COVID-19 infection to ARDS, multiple orga
failure, and death is seen in patients who are older and have comorbiditieaisuch

T2D, HTN, COPD, BA, heart disease, and weakened immune systems.

Sepsis has two distinct phases, the first of which is a hyper-inflammatory

phase followed by an immunosuppressive pHése.

In hyper inflammatory phase numerous markers such as procalcitonin, tumor secrosi
factors (TNF), CRP, IL-1, and IL-6 are produced. As an initial responsafexiion,

certain pro-inflammatory cytokines like TNé&- IL-1, and IL-6 are released. IL-6
stimulates the liver to produce CRP in response to infection. The most usefkgmar

of severe systemic inflammation is procalcitonin. Many of these markees ar
considered to be the biomarkers of sepsis which aid in the diagnosis and management
of the patient!® Similarly, levels of these biomarkers have been shown to be elevated

in severe COVID-19 infection¥:°0:51
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The cytokine storm that is suggestive of sepsis is seen in the severe form of
COVID-19 disease as wef>53 The multiorgan failure is attributed to hypoxia and
circulatory disorders due to microvascular dysfunction such as disseminated

intravascular coagulation and microembolism by interrupting blood flow to the lungs.

According to Lin HY, all of the hallmarks of sepsis including the presence of a
specific pathogen seen in severe COVID-19 should thus be considered virdbinfec

induced sepsis.

. Varying/exaggerated/
Aty Hyperinflammation
involvement _ dysregulated yp
immune response
Cytokine storm Hypercoagulopathy Vascular involvement
A'cute TESpUHiOEy Multi-organ failure Death
distress syndrome

Figure 9: Clinical spectrum of sepsis in COVID-19
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As o immune response to viral infection, proinflammatory COVID-19, may involve multple SARS-CoV-2 uses human
eytokines and chemokines such as IL-6 , IL-1, | L-1 8 tumor necrosis organ systems. In addition to the angiotensin-converting enzyme 2
factor {TNF}, granulocyte-colony stimulating factor (GCS-F) Tungs, the virus has been isolated {hACE2) receptors to enter the body,
have been detected al high levels in COVID-19 patients from blad, urine, facces, liver and and the tissues that express RACE2
gallbladder receptors are the potential target organs
for the virus.

CD8"Cell

Natural Killer
Cells @

do°

Cytokines

The viral entry s triggered by the
binding of receptor-binding domain
of the virusspike protein, which is
responsible [or the attachment to host
cells, to the hACE2 receptors, and

\ A ‘ ‘ Although COVID-19 presents with mild or moderate illness in the activated by human proteases including
: \ . majority of infected  patints, it may also progress to scvere cell surface protease TMPRSS2 and
respiratory infection and ARDS in 13-20% of cases. An increasing Iysosomal proteases cathepsins,
Macrophage number of clinical studies indieate that a eytokine storm plays an The respiratory system is the main

important role in the progression of the COVID - 19 to severe organ of involvement, but other hACE2
infection resulting in ARDS and multiorgan failure. Cylokine storm expressing tissues like the heart, kidney,
is defined as a life-threatening overactivation of immune cells and testes, and other tissues are also
dysregulated inflammatory cytokine/chemical production attacked by the virus

Figure 10: Cytokine storm and organs affected in COVID-19 sepsi¥’

INVESTIGATIONS
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A) LABORATORY FINDINGS AND RECOMMENDATIONS

1. Hemogram: decrease in lymphocyte count and platelet counts are seen.

Significantly decreased platelet count could be an indicator of poor prognosis

2. Renal function test: is helpful in the early identification of compromised renal

function and associated dyselectrolytemia.

3. Hepatic parameters Mild elevation of enzymes like SGOT and SGPT

4. Markers of inflammation:

a) hs-C Reactive Protéth

e It is an indirect biomarker of generalized inflammation and positive acute
phase protein produced by the liver.

e It is crucial for immunity, the removal of damaged tissue, and the prevention
of autoimmune disease.

* In response to inflammatory conditions such as bacterial infections or
intracellular antigens like in viral infections, the blood of hs-CRP rises.

« In COVID-19 disease, severity and unfavorable outcomes are directlgdelat
to serum levels of hs-CRP.

e To predict mortality in COVID-19, Shabrawy et al. suggested that serum
levels of HSCRP >33.9 ng/L as cut-off has 76.5% sensitivity and 88.9%

specificity.

Page 36



Review of literature

* IL-6 not only has pro-inflammatory but also anti-inflammatory properties
which is an important mediator of humoral immunity and

» Exaggerated production of IL-6 as a result of the dysregulated immune
response has been known to cause respiratory distress, shock, MOF, and
death.

» Shabrawy et al. proposed that IL-6 levels >32.3 pg/mL in the serum have
82.4% sensitivity and 94.4% specificity in predicting mortality in COVID-

19.

c) Serum Procalcitonin(PCT)

* PCT, the 116-amino acid precursor of the hormone calcitonin, is normally
produced and released by thyroid parafollicular C c2lls.

* It can, however, be synthesized in many extra thyroid tissues during ia&cter
infection, which is mediated by increased levels of tumor necrosis fatghaa
(TNF) and interleukin &

» Several studies have recently reported that elevated PCT level is closely
related to the COVID-19 severif§?:>’%Also in a meta-analysis it was found
that increased PCT levels are associated with a 5-fold increasedf severe
SARS-CoV-2 infectior?®

« Serial PCT measurements may aid better in the prediction of the proghosis.

d)_FerritirP*
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» Liver cells produce ferritin in response to inflammation which is an acute
phase protein. It participates in iron metabolism by binding to it in the cell.

e Raised ferritin levels in the blood cause immune dysregulation due to its
iImmune suppressive and pro-inflammatory actions. Excessive ferritirsas al
responsible for cytokine storm by stimulating the macrophages to release
cytokines. Hence, it very well may be presumed that hyperferritinemia is
related to unfortunate results in Coronavirus

* Cut off value of 1873 ng/ml for serum ferritin has 68.4% sensitivity and
79.3% specificity in predicting mortality in COVID-19 patients as per the

study done by Lino et al.

e) LDH->*

e« LDH is an intracellular enzyme found in nearly all organ systems that
catalyzes the interconversion of pyruvate and lactate, as well as the
simultaneous interconversion of NADH and NAD+.

* The enzyme is made up of two major subunits (A and B) and is found in
humans in five different isozymes. Pneumocytes contain isoenzyme 3.

» Although LDH has been used as a marker of cardiac damage since the
1960s, abnormal values can result from multiple organ injuries and
decreased oxygenation due to glycolytic pathway upregulation.

« The acidic extracellular pH caused by increased lactate caused bianfec
and tissue injury activates metalloproteases and promotes macrophage-
mediated angiogenesis.

» Patients with serious Coronavirus disease with an extreme type of

interstitial pneumonia frequently progress to ARDS. As LDH (isozyme 3)
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is found in lung tissue, it is expected that these patients will have higher

blood levels of LDH.

* In apooled analysis of nine studies, Brandon et al. discovered that elevated

LDH was associated with a >16-fold increase in mortality risk.

Coaqulation profile:

I. prothrombin time, INR

ii. activated partial thromboplastin time

iii. D-dimer®*

It is a fibrin degradation product, the levels of which are raised in

coagulation and thrombotic disorders.

* In severe COVID-19 patients, the coagulation cascades activated by the
cytokine storm lead to thrombotic complications and coagulopathies such
as DIC where higher levels of D-dimer are evident as a result.

* Poudel et al. discovered that non-survivors had higher mean plasma D-
dimer levels (3.2 2.6 g/mL) than survivors (1.067 1.7 g/mL).

A cut-off of 2 g/ml has 92.3% sensitivity and 83.3% specificity in

predicting mortality as suggested by Zhang et al.

MOLECULAR TESTING
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1. NAAT (nucleic acid amplification test):

NAAT recognizes SARS-CoV-2 RNA. The most common type of NAAT used is RT-

PCR by which current infection can be diagno$gg.

Performance features®9.61

Given the ideal circumstance, it has high analytic sensitivity and spiegif
The specimen's clinical efficacy will be determined by the duration of theadéesat

the time of testing, in addition to its type and quality.

Depending on the test, the reported false-negative rate ranges from 5 to 40%.
In most cases, a single positive test confirms the diagnosis. If the fatsisteegative

and clinical suspicion remains, a second test can improve diagnostic yield.

Turnaround time: 15 minutes to 8 hour®:6!

Low complexity rapid tests can be performed at the point of care and provide
results in less than an hour. Most moderate- to high-complexity laboratsgehtests
take several hours to complete. The time it takes for a clinician or patieet&ve a
result, on the other hand, is determined by how frequently the test is run and other

processing factors.

The test used and the laboratory workflow both influence turnaround time.

Specimens usedThe CDC advises collecting one of the following specimens:

* Nasopharyngeal swab specimen
* Nasal swab specimen: both anterior nares using a spun polyester swab, mid-
turbinate swab using a flocked taper swab collected on-site or at home

* aspirate or wash from the nose/nasopharynx
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swab taken from the oropharynx

saliva specimen around 1-5ml which the patient collects

Interpretation of NAAT:

ii)

Positive result A positive SARS-CoV-2 nucleic acid amplification test
(NAAT,; e.g., RT-PCR) normally confirms the COVID-19 diagnosis. There
is no need for additional diagnostic testing. Additional testing, however,
might be required for management in hospitalized patients. Patients with
COVID-19 can still detect SARS-CoV-2 RNA in upper respiratory tract
specimens weeks after the onset of symptoms. However, continuous

detection of viral RNA does not always mean continued infecfon.

Negative results: The absence of COVID-19 can be ruled out by a
negative NAAT result. False-negative results from tests on specimens from
the upper respiratory tract are possible. The test can be repeated 24 to 48
hours after the initial test if symptoms are highly suspicious for COVID-19
(symptoms with no apparent alternative cause) and confirmation of
infection is required for infection management or control. The test should
not be repeated within 24 hours.

Inconclusive or indeterminate nucleic acid amplification test (NAAT)
results — The interpretation of an inconclusive or indeterminate result
depends on the specific NAAT carried out; the clinician should speak with

the performing laboratory about additional testing.

An unresolved or undecided result may mean that only one of the two or more

genes that the NAAT targets was found in some instances. Considering the high

specificity of NAAT assays, these results can be regarded as presunppiie/e
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results. If the patient is still in the early stages of the diseaseatdpsting can be

helpful.

Accuracy: precision and predictive values of NAAT in the detection of SARS CoV-

2 have not been assessed.

Specificity: is high5264

Sensitivity: The clinical performance of NAAT is less consistent even though it is
accurate in detecting low viral loads in the samples which contain RNA ial ide
conditions. False-positive results are rare. False-negative ratestemated to range

between 5 and 40%5.

The sensitivity of the results is influenced by the severity of the disease at t

time of the test, the type and quality of the sample used, and the particular tes

Test results by type of specimenSpecimen type may affect test sensitivity.

Nasopharyngeal, nasal, and saliva samples from the upper respiratory tract
have high sensitivity, whereas oropharyngeal swab samples have lower

sensitivity56-69

The combined sensitivity for nasopharyngeal swabs was 86%, saliva 85%, and
throat swabs 68% compared with nasopharyngeal swab PCR results in a meta-
analysis that included 23 studies and 8,000 particip®83.percent of samples came

from the throat and nasal passages combined.

High viral load is seen in lower respiratory tract specimens and is iialy

to give a positive test when compared to those of the upper respirator§stéct.
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Test results by length of iliness:%74n an analysis of seven studies that assessed RT-

PCR performance rate of false-negative results were as follows:

Day Rate of false positivity
Day of exposure 100%
Day 5 38%
Day 8 20%
Day 21 66%

Test results by assay typeThe major commercial NAAT assays differ in their limits

of detection, and repeating tests on various platforms may produce inconsistent
results.®3% In an orderly survey by IDSA, the responsiveness of the RT-PCR
examination was like that of lab NAAT when compared to the reference sthritiae

rapid isothermal Abbott ID NOW test has a sensitivity of 81%, while the laborator

NAAT has a sensitivity of 99%. The specificity of each method was 97%.

2. ANTIGEN TESTS:

These tests detect current infectior*

Turnaround Time :">-"4Since they can be completed quickly and at the point of care,

tests that detect SARS-CoV-2 antigen are more accessible and have quicker

turnaround times than most NAAT. One hour is needed to complete the test.

Antigen test interpretation:
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Antigen tests may be more useful than NAAT for diagnosing symptomatic
patients. Antigen tests work best when done within the first 5-7 days of the onset of

symptoms.

Positive result: An individual with symptoms who has a positive antigen test has a

SARS-CoV-2 infection. Rate of false positives is low

Negative result: An additional test should be conducted after a negative antigen test

in a symptomatic person because it could be a false negative and does not rule out
SARS-CoV-2 infection. According to the advice from the US Food and Drug
Administration (FDA), people conducting at-home tests should repeat an atgigfen

after 48 hours.

Sensitivity: high in the first week of illness, when viral replication is at its peak;
however, it is less sensitive than NAAT#”> Antigen testing in series seems to

increase sensitivity.

Specificity: Antigen tests are extremely specific. In a systematic reviewititduded
152 studies, 49 commercially available antigen tests were analyzed amspedhat
were already subjected to NAAT and it was found that the overall spegificit

exceeded 98%

Screening: To identify carriers early and test people repeatedly in high-risk and
outbreak-affected areas, antigen testing may be the fastest andteasihod of

testing.

OTHER DIAGNOSTIC TESTS

Serology (antibody detection)-
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This is done for identification of a previous infection (or an infection that has
lasted at least 3 to 4 weeks). The development of IgG antibodies takes 14 days afte
the onset of symptoms, but they are only detectable after several days to #éeks.

There have been reports of cross-reactivity with other coronaviruses.

Even the serologic tests which are highly specific will have low positive
predictive value in environments with low seroprevalence. Therefore, individual

results should be interpreted cautiously.

Turnaround time: 15 minutes to 2 hours. Laboratory workflow and tests used by

laboratories influence the turnaround time.

Sensitivity: The time taken to detect antibodies varies from test to test. A systemat
review of 38 studies found that IgM was found in 23% of COVID-19 patients after
one week, 58% after two weeks, and 75% after three weeks, while IgG was found in
30, 66, and 88 percent of patients, respectivelAccording to other studies, IgG

positivity reaches 100% within 16 to 20 dafs.

Specificity: Specificity is also influenced by the type of serologic assay. When
compared to 1gG antibody and total antibody tests, IgM and IgA antibodies and
IgM/IgG differentiation tests typically have specificities below 99qaart. A potential

worry is the cross-reactivity of some coronaviruses and other viral pathéyens.

VIRAL CULTURES: Clinical laboratories should not receive samples from patients

with suspected or confirmed COVID-19 for viral culture due to safety concdims

primary use of viral culture is limited to research.

B) IMAGING
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The air from the alveolar spaces is displaced by the inflammation and edema
caused by an immune response to viral entry and replication. This helps theatetect
of the disease through imaging of the thof&xlowever, the early phases of COVID-

19 do not always involve lung parenchyma. Therefore, in early phases imaging is not
useful for evaluation. In such instances, RT-PCR, not thoracic imaging, isdesjas

the gold standard for COVID-19 diagnosf. In conditions where RT-PCR isn't
accessible or results are anticipated, imaging can be depended upon withghthad s
normal side effects of Coronavirus. Despite its limitations, thoracic ingag
contributes significantly to patient diagnosis, monitoring, and follow-up. Imaging
aids clinical decision-making in determining whether or not a patient needs to be

admitted to a hospital, in addition to clinical and laboratory evaluation.

CHEST RADIOGRAPH:

Characteristic COVID-19 patterns &ft®:

* 47%- consolidation

* 33%- Ground glass opacities

*  41%- Peripheral distribution

* 50% - lower-zone distribution (most common locations) with typical bilateral
involvement (50%)

*  3%- Pleural effusion
Nevertheless, chest radiography findings of most of the patients at baseline are

normal or have only mild pathology.
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According to a Cochrane review, chest radiography can diagnose COVID-19

with a pooled sensitivity of 80.6 percent and specificity of 71.5 peréént.

Figure 11: Chest x-rays of COVID-19 patientA) 11 months prior to the admission

to hospital. B) On the day of admission. C) 4 days post admission. D) Approximately
2 months post admission. Reticular-pattern persists but the b/l opacities have
diminished®®
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COMPUTED TOMOGRAPHY

In the first few days of the disease, CT scans show no abnormal findings or
only minimal GGOs. However, after 5-8 days of symptom onset, CT scans show a
crazy paving pattern in addition to extensive GG&s$3 The most common finding,
which clinically corresponds to the onset of acute lung injury, is typically a

combination of consolidation and GGOs 9-13 days after the disease's peak.

The absorption stage comes after the peak stage, when consolidations and
GGOs start to decline, which can take several weeks in some patientsti@vaéue
course of time, maybe weeks to months the GGOs and the consolidations are
converted to reticular opacities in some patients which may be attribatéldrosis.

Other findings like traction bronchiectasis may also be $éen.

According to reports, GGOs, reticular abnormalities, and parenchymal bands

are the most frequently seen residual parenchymal abnorm&fities.

Page 48



Review of literature

Table 1: CT findings in COVID-19 disease

CovID-19
neumonia . - .
p‘ ) Rationale CT findings Suggested reporting language
imaging
classification
Typical Commonly » Peripheral, bilateral, GGO with or without "Commonly reported imaging features of
appearance reported imaging consolidation or visible intralobular lines (COVID-19) pneumonia are present. Other
features of greater ("crazy-paving") processes such as influenza pneumonia and
specificity for v Multifocal GGO of rounded morphology with organizing pneumonia, as can be seen with
COVID-19 or without consolidation or visible drug toxicity and connective tissue disease, can
pneumonia. intralobular lines ("crazy-paving") cause a similar imaging pattern.”
= Reverse halo sign or other findings of
organizing pneumonia (seen later in the
disease)
Indeterminate Nonspecific = Absence of typical features AND "Imaging features can be seen with (COVID-19)
appearance imaging features » Presence of: pneumonia, though are nonspecific and can
of COVID-l19 « Multifocal, diffuse, perihilar, or unilateral occu.r W\'th a variety of infectious and
pneumonia. GGO with or without consolidation noninfectious processes.”
lacking a specific distribution and are
non-rounded or non-peripheral.
¢ Few very small GGO with a non-rounded
and non-peripheral distribution.
Atypical Uncommonly or = Absence of typical or indeterminate "Imaging features are atypical or uncommonly
appearance not reported features AND reported for (COVID-19) pneumonia. Alternative

features of COVID-
19 pneumonia.

Presence of:

Isolated lobar or segmental
consolidation without GGO

Discrete small nodules (centrilobular,
"tree-in-bud")

Lung cavitation

Smooth interlobular septal thickening
with pleural effusion

diagnoses should be considered.”

Sensitivity and specificity: Although common in COVID-19, these findings are not

specific to the virus and are frequently observed in other viral pneumdhias.
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Table 2: Sensitivity and Specificity of CXR and chestCTe?

Imaging Sensitivit’y Specificit Strengths Weaknesses
modality (95% Cl (95% Cl)
CXR 80.6% 71.5%  Acceptable sensitivity Low specificity
69.1-88.6%) (59.8-80.8%) Can be performed at bedside Patient needs to be
[supine] moved [erect, two
Standard for image storage ~ views)
and comparison More staff exposed
Time use
Radiation exposure
Chest CT 87.9% 80.0%  High sensitivity and specificity Patient needs to be
(84.6-90.6%) (74.9-84.3%) Can provide informationon ~ moved
relevant differential More staff exposed
diagnosis Time use
Can be supplemented with ~ Costs
assessment for pulmonary Radiation exposure
embolism
Standard for image storage
and comparison

Ai et al.'s study found that included 1014 patients underwent both CT chest and RT-
PCR. It was shown that a "positive" chest CT for COVID-19 (as determined by a
consensus of two radiologists) hadsansitivity of 97%, using the PCR tests as a

reference, buspecificity was only 25% 8’
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Table 3: CORADS scoring®®

CO-RADS score Level of suspicion Findings

CO-RADS 0 Not interpretable Scan technically insufficient for assigning a score

CO-RADS 1 Very low Normal or non-infectious

CO-RADS 2 Low Typical for other infections but not COVID-19

CO-RADS 3 Equivocall/unsure Features compatible with COVID-19, but also other diseases
CO-RADS 4 High Suspicious for COVID-19

CO-RADS 5 Ver high Typical for COVID-19

CO-RADS 6 Proven case RT-PCR positive for SARS-CoV-2

Table 4: CT Severity Scoring®8

% Involvement (single lobe) Score
0-5 % lung involvement 1
5-25 % lung involvement 2
2550 % lung involvement 3
50-75 % lung involvement 4
75-100 % lung involvement ]
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Table 5: CT Severity Score Calculation Criterion®

CT severity SCORE
Mild <8
Moderate 9-15
Severe >15
Total score ~25

Figure 12: CT thorax of COVID-19 patient— Evidence of a gradual decrease in the
CT findings at a) 2 weeks, b) 3 weeks, c) 14 weeks and d) 24 weeks after disease

onset 80
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TREATMENT

WHO definitions of disease severity for COVID-198°

e Critical COVID-19 - Defined by the criteria for acute respiratory distress
syndrome (ARDS), sepsis, septic shock, or other conditions that would
normally require the provision of life-sustaining therapies such as mechanical
ventilation (invasive or non-invasive) or vasopressor therapy.

» Severe COVID-19Defined by any of the following: oxygen saturation < 90%
on room air; signs of pneumonia; signs of severe respiratory distress (in adults,
accessory muscle use, inability to complete full sentences, respinatiery
30 breaths per minute; and, in children, very severe chest wall in-drawing,
grunting, central cyanosis, or presence of any other general danger signs
including the inability to breastfeed or drink, lethargy, convulsions or reduced
level of consciousness).

* Non-severe COVID-19- Defined as the absence of any criteria for severe or

critical COVID-19.

Following are the updated recommendations for the treatment of COVID-19 dfease

COLCHICINE
Due to the lack of human trials to demonstrate colchicine's safety and®ffic
the guidelines for its use were developed using data gathered from experiments on

animal models of SARS-CoV-2 infection.

There are many hypotheses on it its mechanism of action that was presumed to

alleviate the inflammatory process in COVID 19 which includes decreaseg t
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production of chemokines, decreasing neutrophil chemotaxis, and inhibiting

inflammasome signaling.

In non-severe COVID-19, colchicine has little or no beneficial effect on the
requirement of mechanical ventilation, hospitalizations, and mortality.ightralso

lead to drug discontinuation due to its adverse effétts.

Strong recommendation against the use of colchicine in non-severe COV{IO

IVERMECTIN

As the fourth version of the WHO living guideline, the recommendation for
ivermectin was released on March 31, 2021. Increased international sintere

ivermectin as a potential treatment option led to ffiis.

Currently, no direct evidence exists on its antiviral effects against IO\
at present. It has no beneficial effects on hospitalizations, duration of hosiaita

mechanical ventilation, and mortality.

Ivermectin is not recommended in any case of COVID-19 except for reseanc
purposes.

ANTIVIRALS ®

There are two broad categories of antiviral therapies.

Direct-acting antivirals (DAAVS): If the viral target lacks a cellular homologue,

DAAVSs can target viral enzymatic activities and be less toxic.
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Host-directed therapy (HDT): HDT targets host cells, which are necessary for the

virus's replication or persistence.

HOST DIRECTED THERAPY

1. HYDROXYCHLOROQUINE

Some small-scale clinical trials conducted early in the pandemic ind¢he y
2020 showed that HCQs may have benefits in COVID-19. Some small-scaleatlinic
trials conducted early in the pandemic in the year 2020 showed that HCQs may have

benefits in COVID-19 treatmeni®.

However, RCTs of a larger scale showed that HCQ was not effective in
treating COVID-19. According to the WHO SOLIDARITY trial, which evated
COVID-19 treatments in RCTs involving 11330 patients from 30 nations, HCQ failed

to treat COVID-19.

DIRECT-ACTING ANTIVIRALS

1. REMDESIVIR
Remdesivir is an antiviral nucleotide analog which acts against all thentsiria

of SARS-CoV-2 namely, B, v, 8 and Omicron.8°

Based on data from four RCTs with 7333 participants hospitalized for
COVID-19, an initial conditional recommendation was issued on November 20, 2020,
suggesting that remdesivir not be used for patients with COVID-19, regardless of

illness severity.

Mechanism of action

Viral polymerase incorporates the drug into endogenous adenosine nucleoside

at the time of RNA replication , a process known as chain termination whicérslif
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from lethal mutagenesis. After the addition of 3 or more nucleotides RNA ssisthe
stops instead of stopping at the point where remdesivir gets incorporated thereby

causing delayed chain termination, unlike many other chain-terminating #ugs.
Indications 8°
Patients with confirmed non-severe COVID-19, >12 years of age and >40 kg

» At high risk of hospitalization
*  With symptoms lasting less than 7 days

* When alternative treatment options are unavailable or clinically inappropriate

Contraindications 8°

Hypersensitivity to any of the constituents of the drug

Recommendations for not starting or continuing Remdesivir®

* Age <12years

* Weight < 40 kgs

* eGFR <30 mL/min in the presence of renal impairment
e ALT more than 5 times the upper limit of normal

» symptoms or signs of liver inflammation along with elevation in ALT/AST

Dosage and route

1.Route?®
* |V after reconstitution and dilution.

» Separate IV line to be dedicated for remdesivir administration
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2. Dosage®®

The total duration of treatment is 3 days. 200 mg as loading dose given by IV
infusion on day 1 followed by 100 mg of remdesivir given once daily on days 2 and 3.

It is more effective if administered within 7 days of the onset of symptoms.

3. Dose adjustment

+ In Renal impairment®®

There is no dose adjustment with an eGFR > 30 mL/min. If eGFR < 30 mL/min, it
should not be used. Betadex sulfobutyl ether sodium is one of the excipients which is
excreted through the kidneys. Therefore, it accumulates in patients witleadec

renal function.

 In Hepatic impairment??

Remdesivir has not been studied in patients with hepatic impairment. It should not
be used in patients with a rise in liver enzymes more than 5 times the uppeofi

normal

Remdesivir is a conditional recommendation for use in non-severe COVIEL9
patients who are at risk of hospitalization and for severe COVID-19 infedbns
and conditional recommendation against the use in critical COVID-19 patiats

2. FAVIPRAVIR

It is an effective broad-spectrum antiviral against influenza, norovirus, andsitus
among others. The concept of its beneficial effects early in the course of tasdim
other viruses paved the way for its experiments in COVID-19 infection as. wel
Numerous previous in vitro studies and reports, oral dosing, and safety proble als

indicated its use in the disea$é.
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Mechanism of action:®%inhibits viral replication by 2 mechanisms

1. Inhibits the activity of the RdRp enzyme of the virus

2. Competes with purine nucleosides for its insertion into the nascent viral RNA

Dose 3600mg in divided doses on day 1 followed by 1600mg in divided doses from

day 2 to day 7.

According to data from a small, non-randomized study, favipiravir may have
fewer side effects than lopinavir-ritonavir while also causing the virusléarcup

more quickly and clearing up radiological finding3.

3. LOPINAVIR /RITONAVIR

The combination of DAAV and protease inhibitors is currently used against
HIV. This combination of drugs along with HCQ did not have any effect in reducing

viral load but lowered the overall clinical scai®.

The combination of these drugs did not prove any beneficial effect in reducing
mortality, progression to mechanical ventilation, or the length of hospitgl #ta
small study showed that the number of days spent in ICU was reduced by 5 days, but
in the RECOVERY trial, it was found that there was no benefit for COVID-19

patients receiving IMV with the use of this combinati®n

4. MOLNUPIRAVIR

As the ninth version of the WHO living guideline, the recommendations for
the use of molnupiravir in patients with non-severe COVID-19 were released on

March 3, 2022.
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Molnupiravir is an orally available antiviral which was repurposed for its use
in the early phase of covid 19 infectid®?4 It is a nucleoside drug which is a prodrug

of 3-D-N4-hydroxycytidine

Mechanism of action SARS-CoV-2 RdRp enzyme during replication of RNA

incorporates the NHC instead of nucleosides C or U into the genomic or sub-genomic
RNA. This process known as lethal mutagenesis produces NHC containing RNAs that
are used as a template to produce more RNAs which are unlikely to produce

functional viruses 9596

The route, dose, and dosage:

Dose and dosage: 800mg BD for 5 days. Maximum plasma concentration is
achieved at 3600ng/ml in healthy volunte&ts

Route: oral

t1/2 life: 3 hours’

Contraindications:

* Pediatric patient
* Breastfeeding women

* Pregnancy

Conditional recommendation for the use in patients with non-severe CO\D-19
at risk of hospitalization except in those contraindicated
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JANUS KINASE INHIBITORS

Mechanism of action:

JAK1, JAK2, JAK3, and tyrosine kinase 2 are members of the small family of

kinases known as the Janus kinases (JAKs). The cytokine receptors, both type | and

type Il, are where several interleukins, interferons, and hormones act.

Through multifactorial effects on cytokine signaling, JAK inhibitors inhibit
intracellular signaling. Numerous cellular responses like antiviral regsomsCE2

expression, T cell function, differentiation, and macrophage activation argtisi®

Baricitinib, ruxolitinib, and tofacitinib are three important JAK inhibitors
useful in COVID-19. All these are non-specific JAK inhibitors, but there are
differences in specificity and potency for different JAKBaricitinib is a JAK1/JAK2
inhibitor, Ruxolitinib is a JAK1/JAK2 > TYK2 inhibitor, and Tofacitinib is a

JAK3/JAK1 > JAK2/TYK2 inhibitor, 9-100

BARICITINIB

Route, dosage, and duratiorf®

Adults with an eGFR of 60 mL/min/1.73%should take 4 mg daily orally.

It is given for 14 days or until hospital discharge, whichever comes first. The

optimal duration of treatment is unknown.

Dose adjustment®®

To be done in patients with leukopenia, renal impedance, or hepatic hindrance.

Dose reductions should be made in patients taking strong organic anion transporter 3

(OAT3) inhibitors (like probenecid) due to the drug interactions
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Timing :®°

Specific time to start baricitinib is unknown but should be started at the same

time as systemic corticosteroids.

Baricitinib has beneficial effect not only in reducing the mortality but dls®
duration of mechanical ventilation and hospital length of stay in severe aaditill

patients. It is likely to result in a small or no increase in serious adversnts.

In severe and critically ill COVID-19 patients Baricitinib is stron gly recommended

TOFACITINIB

Route and Dose?°®

10 mg twice daily orally for up to 14 days or until hospital discharge

Time: 89

There is no specific time for starting the drug during hospitalization or #ines

It can be started along with systemic corticosteroids.

The beneficial effects on hospital length of stay, need for mechanical
ventilation and mortality are still unknown. Drug discontinuation can occur i o&s

a severe adverse event®

Conditional recommendation against its use in severe and critical COVIDE9 patients
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SYSTEMIC CORTICOSTEROIDS

The WHO living guidelines for corticosteroids were released on September 2,

2020, followed by the BMJ Rapid Recommendations on September 5,82020.

Route:

Systemic corticosteroids can be given orally or intravenously. Dexantetbas
has a very high bioavailability. They may be administered intravenously réthar

orally if intestinal dysfunction is suspectéd.

Dose and dosage dexamethasone 6mg once daily

Duration: The total duration of the regimen ranged from 5 to 14 days which was
evaluated in 7 trials. Most of the patients were given up to 10 days. It weaped

during discharge from the hospitil.

Timing: Steroid administration after 7 days or more of symptom onset has a

beneficial effect (RECOVERY TRIALY

In severe or critical COVID-19 systemic steroids are strongly recommeded for its use

IL-6 INHIBITORS -TOCILIZUMAB

After the RECOVERY and REMAP-CAP trials, their data of 1020 patients whaew
on tocilizumab or sarilumab was published in February 2021 and made available to
the WHO on June 1, 2021. Therefore, WHO published the recommendations for IL-6

receptor blockers in its®5version on July 6 2022
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Mechanism of actionn Immune response to infections is stimulated and regulated by

the cytokine IL-6. The IL-6 receptor (IL-6R/IL-6R) both in its membrane-bound a
soluble form is inhibited by this monoclonal antibody thereby suppressing the

immune response.

Dose, Duration, and Route:#°

Tocilizumab is administered at a dose of 8 mg/kg body weight. Can be given
up to a maximum of 800 as a single IV infusion for 1 hour. A second dose may be

administered 12 to 48 hours after the first dose.

IL-6 receptor blocker therapy should be used along with systemic

corticosteroids which can be given orally or intravenously.
Monitoring:

» Baseline routine blood workup such as neutrophil count, platelets,
transaminases, and total bilirubin should be checked.

« Signs and symptoms of infection like tuberculosis, invasive fungal infections,
and opportunistic pathogens (risk of infection increase due to

Immunosuppression in addition to systemic corticosteroids).

Tocilizumab should be used cautiously in patients with severe active ofecti
other than COVID-19 or patients with a history of chronic infections. The risks and
benefits should be weighed before considering the therafyBased on strong
evidence, IL-6 receptor blockers reduce mortality and the need for mechanical

ventilation.

Strong recommendation for the use in severe COVID-19 patients
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SOTROVIMAB

On September 15, 2022, an updated recommendation for patients with non-

severe COVID-19 was made for sotrovimab.

Mechanism _of action: Sotrovimab (VIR-7831; GSK4182136) is a single human

monoclonal antibody that binds to a conserved epitope of the SARS-CoV-2 spike

protein, blocking virus entry into celi$?®

Conditional recommendation against the use of Sotrovimab in non-severe
COVID- 19 patients

Previously, it was recommended in patients with non-severe COVID-19 who
were at high risk of hospitalization. However, there is strong evidence to duhgés
sotrovimab should not be used because it lacks in vitro neutralization actgatyst
the circulating SARS-CoV-2 variants and subvariants (such as Omicron)h vainéc

currently dominating worldwide.

CASIRIVIMAB-IMDEVIMAB

On September 15, 2022, an updated recommendation for this combination of
neutralizing antibodies for COVID-19 patients was included in the 12th editioheof t
WHO guideline. In non-severe COVID-19 patients who are at high risk of
hospitalization, and severe and critical patients who were seronegative diaoadi

recommendation for its use was proposed.

Mechanism of action

Casirivimab and Imdevimab are two fully human antibodies (REGN10933 and

REGN10987) that exhibit their inhibitory effects on the virus by binding to the
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SARS-CoV-2 spike proteiid® It was postulated to have more beneficial effects in
patients who did not have antibodies to spike protein i.e seronegative patients.
Dose:1200mg (600mg of each antibody)

Route: IV infusion

t1/2 life: 25 to 37 days for both antibodies

ANTICOAGULATION

The majority of patients have relatively normal lung compliance, with
markedly elevated dead space ventilation which is the hallmark of vascuasoe

respiratory failuré’.

In >80% of severe cases of COVID-19, there is a gross elevation of d-dimer
levels in the blood which is a marker of not only the fibrin clot formation and

degradation but also the severity of the dise&8e.

Barrett et al. in a multicentre randomized control study showed that
therapeutic anticoagulation, when given even before the formation of significdast ¢
in the lung vasculature, had more beneficial effects than when it is dtafter the

onset of severe respiratory failute.

Even after anticoagulants are given as prophylaxis, there is an incregked r
of disseminated coagulation in COVID-19 patients which results in comitalike
DVT, pulmonary embolism, MI, and stroke which endangers the patient’s life.
Therefore, in such a cohort of patients, it was hypothesized that tissueipdagEn
activator (tPA) if given for lysis of the already formed clot where antgrdants have
no role helps in restoration of patency of pulmonary microvasculature, reducing dead

space ventilation and also in improving the oxygenation.
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NIH GUIDELINES ON ANTITHROMBOTIC THERAPY IN COVID -19

(UPDATED- DECEMBER 1 2022)1%2

SCREENING:

* There is insufficient evidence for the Panel to recommend either for or against
routine screening for venous thromboembolism (VTE) in COVID-19 patients
who do not have signs or symptoms of VTE, regardless of their coagulation
markers' status.

e The Panel recommends that hospitalized COVID-19 patients who experience
rapid deterioration of pulmonary, cardiac, or neurological function or sudden,

localized loss of peripheral perfusion be evaluated for thromboembolic disease

(Alll)

Treatment of thrombosis with anticoagulants

* When diagnostic imaging is not feasible the panel advises starting therapeutic
anticoagulation in treating patients with COVID-19 who have a high risk of
developing the thromboembolic disease (Alll).

» Antithrombotic therapy should be administered to COVID-19 patients who
require ECMO, continuous renal replacement therapy, or who have catheter-
related thrombosis in accordance with the institutional protocols for non-

COVID-19 patients (Alll), as recommended by the Panel.

Antithrombotic Therapy for Hospitalized, Nonpregnant Adults Without

Evidence of Venous Thromboembolism

e For Coronavirus patients who have no proof of thrombosis, the board exhorts

against utilizing anticoagulant or antiplatelet treatment not withstanding the
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norm of care to forestall arterial thrombosis (Alll). Low-moleculagight
heparin (LMWH) or unfractionated heparin (UFH) is preferred over oral
anticoagulants in hospitalized patients (Alll). These heparin subtypeseshor
half-lives allow for a quick reversal of their effects.

* They have fewer drug-drug interactions than oral anticoagulants and can also
be administered intravenously or subcutaneously.

¢ LMWH is chosen over UFH.

For adults who require low-flow oxygen and do not require intensive care ui

(ICU)-level care:

» Therapeutic dose of heparin is advised by the panel in patients who require
low-flow oxygen but D-dimer levels are above the upper limit of normal
(Clla).

* Therapeutic anticoagulation is contraindicated in COVID-19 patients with |
platelet count (<50 x 19L), low HB (8 g/dL), those who require dual
antiplatelet therapy, those with a history of bleeding within the previous 30
days that necessitated an ER visit or hospitalization, a history of a bleeding
disorder or an inherited or active acquired bleeding disorder.

* A prophylactic dose of heparin is advised by the panel in patients who do not
meet the criteria for therapeutic heparin or in those who are not receiving
therapeutic heparin for any other reasons unless it is contraindicated (Allb).

» The Panel advises against the use of an oral anticoagulant in therapeutic doses
for prophylaxis of VTE or to stop the progression of COVID-19, except in a

clinical trial (Alla).

Page 67



Review of literature

« The Panel lacks sufficient data to advise either in favor of or against using
thrombolytic agents to treat COVID-19.

* In patients who are not critically ill, the use of antiplatelet therapy &vent
the progression or death in such patient the Panel advises against its use

(Blla).

For adults who require ICU-level care, including those receiving lgh-flow

oxygen.

Prophylactic dose of heparin is advised by the panel for prevention of VTE
unless there is a contraindication (Al).

* For patients in whom the therapeutic dose of heparin was started in a non-ICU
setting and then moved to ICU, switching the therapeutic dose to a
prophylactic dose of heparin is advised by the panel unless VTE is confirmed
(BIII).

* Anintermediate dose (such as enoxaparin 1 mg/kg once daily) or a therapeutic
dose of anticoagulation for the prevention of VTE is not advised by the panel
except in clinical trials (BI).

« The Panel is in debt of sufficient data to advise regarding the use of

antiplatelet therapy in COVID-19 patients who are critically ill.

RECOMBINANT TISSUE PLASMINOGEN ACTIVATOR

It is derived from human tissue culture and produced using recombinant DNA

technology.
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Mechanism of action193

rtPA has moderate specificity for fibrin-bound plasminogen, because of which

the amount of circulating fibrinogen is only reduced by about 50%.

Fibrin deposition in the hemostatic plug of platelets leads to the formation of a
thrombus. Once the repair is done, the fibrinolytic system gets activated grades

the fibrin with the help of plasmin (serine protease).

rtPA activates plasminogen to plasmin which helps in the digestion ohfibri

EXTRINSIC INTRINSIC
Streptokinase Factor Xlla
Urokinase ACTIVATORS Kallikrein
Alteplase (rt-PA) t-PA DX&—— PAI-1
Tenecteplase FIBRIN (Insoluble)

&
<

PLASMINOGEN » ML
(Profibrinolysin) A (Fibrinolysin)
FIBRIN FRAGMENTS
EACA l . — ' oz Antiplasmin | (Solubie)

Tranexaemic acid a2 Macroglobulin

EXTRINSIC INTRINSIC

Figure 13: Mechanism of action of tissue plasminogen activator (alteplase)

Metabolism: The liver quickly eliminates it, and plasminogen activator inhibitor-1

renders it inactive (PAI-1).

t1/2 life: 4—8 minutes. Due to the short t12, it must be administered via slow

intravenous infusion, and heparin is frequently co-administered.

Side effects Despite being non-antigenic, it can still cause nausea, mild hypotension,

and fever.
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Christie et al® identified COVID-19-positive patients with severe hypoxia
who either required non-invasive ventilator or mechanical ventilator in a caiss se
of five patients. All of the patients were eligible for thrombolytic therapy auese
their D-dimer values were elevated (greater than 1.5 g/mL). The followintpgol
was followed when giving tPA: a two-hour intravenous bolus of 25 mg, followed by a
22-hour continuous infusion of 25 mg of tPA. Each patient began receiving a weight-
based continuous heparin infusion following thrombolytic therapy. All patients
experienced an initial rise in PaO2 following the first administratiotP#f. However,
the PaO2 levels of all patients consistently decreased for the next 24 hoowsifgll
this rise. Additionally, it was noted that after the initial improvement, dog/nward
PaO2 trend did not return to the patient's pre-treatment baseline levelstbet ra
settled in a more tolerable PaO2 range. The patients in this seriesiitigrately able
to tolerate supplemental oxygen de-escalation while maintaining a sta@, Pa
whereas oxygen requirements were rising before treatment. Thereforawifal
fibrinolytic therapy, there was an overall improvement in oxygenation and in the
effort to liberate patients from the need for mechanical ventilation, egoplication

of tPA in the respiratory deteriorating COVID-19 patient may be beneficial

In a case series of five patients with severe COVID-19 respiratolyréawho
were treated with off-label intravenous administration of tPA (alteplasthe context
of an apparent thrombotic coagulopathy, Barrett et’akeported that all five patients
appeared to have an improved respiratory status following tPA administratien
patient had an initial marked improvement that partially regressedssdtesral hours,
one patient had transient improvements that were not sustained, and three patlents ha

sustained clinical improvements following tPA administration.
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The use of tPA in 3 cases were reported by Janice Wang é&¢°alThe P/F
ratio of all three patients treated with tPA showed an initial improv@menging
from 38% to a rise of more than 100%. One patient's observed improvement lasted for
a long time, but two patients' improvements faded over time after their tRAsio

was finished.

In another case series of five patients by Andre et'@®l. with suspected
pulmonary embolism on echocardiograph (based on a combination of findings like
obstructive shock, acute cor pulmonale, and sudden cardiac arrest) receivedaPA a
dose of 100mg intravenously, as rescue systemic fibrinolysis. Following fibgisoly
it was found that the condition of 2 patients with obstructive shock improved with a
lower norepinephrine dose. However, despite veno-arterial extracorporeal nmembra
oxygenation (V-A ECMO) support, a second rescue therapy for the second hit failed,
resulting in multi-organ failure. Fibrinolysis in another patient failed

alleviate shock, necessitating V-A ECMO.

In case series done by Goyal ef#l. which included 3 patients, a low dose of
tPA (30-50 mg) was given to three COVID-19 critically ill patients where in
worsening respiratory failure despite being on therapeutic anticoagulation. All
patients had respiratory rate > 40; FiO2> 0.7(on NIV); PiO2/FiO2 ratio < 100Dand
dimer>1000 ng/ml. After thrombolysis, dramatic changes in oxygenation were noted.

All patients became off oxygen within 3—7 days and were discharged within 2 weeks

All had significant early improvement compared to other patients earlier

admitted with COVID-19 in ICU with similar severe conditions.
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Barett et al.* in a large vanguard multicentre randomized control study
consisting of 2 groups tPA bolus (50-mg tPA IV bolus followed by 7 days of heparin)
vs control group and tPA drip (50-mg tPA IV bolus, followed by tPA drip 2 mg/h plus
heparin 500 units/h over 24 h, then heparin to maintain aPTT of 60-80 s for 7 days)
group vs control group, proved that at 6 through 168 hours after randomization, the
tPA bolus group had significantly (P.017) high PaO2/FiO2 ratio than baselirexeT
was no significant improvement seen in the control group. There was no stdlysti
significant difference in the change of PaO2 to FiO2 ratio at 48 hours (16.9% control
vs. 29.8% tPA bolus), VFD (0.0 vs. 12.0), and in-hospital mortality (41.2% vs. 21.1%)
between the control group and tPA bolus group. No benefits were observed in the tPA

drip group.

Christopher et al.'$°® multicentre retrospective observational study included
79 COVID-19-confirmed patients with severe respiratory failure whoivece50mg
of tPA. The primary outcome was an increase in the ratio of PaO2/FiO2 fresliba
to 48 hours after receiving tPA. After 48 hours of tPA administration, sigemific
improvement in PaO2/FiO2 was seen which was sustained up to 72 hours. They
concluded that in severe COVID-19 patients, fibrinolytic therapy with tRA i
associated with significant improvement in oxygenation and respiratoryidumand
was most effective in patients who had declining respiratory function ratfaer in

patients with a plateau or improving phase of respiratory function.

Data from a multicentre cohort study of critically ill COVID-19 patients
called STOP-COVID, which included 68 hospitals across the United Statas
collected in a study by Douin et dP°to evaluate the safety and efficacy of tPA. After

exclusion total of 59 patients were selected who had confirmed pulmonary embolis

Page 72



Review of literature

or suspected pulmonary microthrombi within 14 days of ICU admission. Infusions of
50 milligrams of tPA were given to patients over two hours, and they werewelt

up until hospital discharge or death. This study found that tPA administration did not
alter oxygenation or the parameters of ventilation. PaO2:FIO2 ratio isedea
by >50% in only 19% of the patients. Major bleeding occurred in 10.2% of patients
within 7 days, and 6.8% of patients within 2 days of tPA administration, all of whom

died. The in-hospital mortality rate was 79%.

15 patients with confirmed COVID were included in a retrospective study
conducted in the United States by Orfanos et-8.These patients received tPA at a
mean dose of 42 mg over a mean time of 136 minutes, followed by therapeutic
heparin infusion. It was found that there was an insignificant increase i2/FgQ?
by 68.9%(p=0.14) after 24 hours and by 54.49%(p=0.23) after 48 hours of tPA
administration. Only 2 out of 15 patients developed bleeding (intramuscular and
intracranial). Therefore, it was determined that even though there wasatbward
improved oxygenation following thrombolytic therapy, there was no significant
improvement in the PaO2/FIO2 ratio. Treatment of microthrombi without affgct
the alveolar epithelial damage seen in COVID-19 may account for greater

improvement in ventilation as opposed to oxygenation.
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e ® -
9% Population

This recommendation Disease severity
applies only to people N
Absence of signs Oxygen saturation Requires life
Patients with of severe or <902¢ on room air sustaining treatment
critical disease
cg:\l"li:irﬂ'eéd Signs of pneumonia Acute respiratory
distress syndrome
Signs of severe 0
respiratory distress Sepsis
Septic shock

5_[5 Interventions

Strong Corticosteroids @
o recommendations e
in favour IL-6 receptor blockers may be
Nirmatrelvir combined
For thase with ® and ritonavir Baricitinib
highest risk of
hospital admission
Weak or conditional Molnupiravir
o recommendations Mitigation strategies to
in favour reduce potential harms
should be implemented
Use the interactive multiple
comparison tacl to compare Remdesivir Remdesivir
and choose treatments
© MATCH-IT

Ruxolitinib and tofacitinib

Corticosteroids Should be considered only if neither baricitinib
nor IL-6 receptor blockers are available
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against
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Convalescent
plasma
Colchicine
Strong
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Figure 14: WHO Recommendations for treatment of COVID-19 based on the
severity (updated: 20225°
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Asymptomatic
traveller/close contact
=  Home quarantine
= Twice daily self
monitored temperature
- Contact & droplet
precautions

COVID-19 Management Protocol
AlIMS , New Delhi

20™ March 2020

COVID-19 Suspect

i} Any patient with acute respiratory iliness (fewer with at least one of
the following- cough or shortness of breath) with:
»  History of travel to high-risk COVID-19 affected countries in the
last 14 days, ar
*  Close contact with a laboratory confirmed case of COVID-19 in
the 14 days, or
- Health care personnel (HCP) managing respiratory distress/
severe acute respiratory iliness cases, when they are
symptomatic

On developing symptoms

*

Mild case -

Any one of:
1. Respiratory rate > 24/min

Low-grade fever, cough,
malaise, rhinorrhea, sore
throat without

shortness of breath

Moderate to severe case

2. 5p0D2 < 94% in room air
3. Confusion/drowsiness

| Admit & test |

4. Systolic BP < 90 mmHg or
diastolic BP < 60 mmHg

Tab oseltamivir 7Smg BD (for Test negative = o N oS
high-risk influenza suspects) Macngs » sing to SDO' 'b”s’r S
Antibiotics if needed
G FOTSYCIE S A existing protocal M mlmnl:s. antitussives, antibiotics as
Tab Paracetamol 500 mg SOS = m‘““‘ i i
mptomatic prefa nebullzation
s I « Hydroxychloroquine (400 mg BD x 1 day f/b
; 200 mg BD x 5 days) may be considered
Call helpline « Lopinavir/ritonavir(200 mg 2 tab BD) may be
Ml considered on case-to-case basis (within 10
days of symptom-gnset)
Test negative Test positive J "“"’::;m “:“;mr:“* With
Symptomatic « Home isolation (>72 hrs afebrile * Corticosteroids to be avoided
management | ul or 7 days after symptom onset If worsening
B2 whichever is longer)/two — :
negative samples 24 hours apart b w’m"“"m
* Self-monitoring for fever : After clinical &
= Worsening mental status
= Paracetamol & symptomatic Rx « MODS radiological improvement
= Contact & droplet precautions A
= Danger signs explained Discharge
» High-eisk individuals® E if two negative
considered for sdmission Dasad Shift to ICU ples at least
24 hours apart
on clinical judgement
Y
- NIV/HFNC to be used carefully in view of
risk of aeroseol generation Improving
- Ventilator management as per ARDS
protocol
- - Conservative fiuid management (if not in
v Age> ED]rIlr-i $hack)
Standard i}
v Cardiovascular disease including hypertension : u“:: su::ﬁ:::::;;rmm
¥ DM, other immunacompromised states
v Chronle lung/kidney/liver disease ¢ :rone Mestiation;, ECMD for mefractory

Figure 15: COVID-19 Management, AlIMS Protocol 2020
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s A

AlIMS/ ICMR-COVID-19 National Task Force/Joint

Monitoring Group (Dte.GHS)

Ministry of Health & Family Welfare, Government of India
CLINICAL GUIDANCE FOR MANAGEMENT OF ADULT COVID-19 PATIENTS

COVID-19 patient

2274 April 2021

>

| Mild disease I

Moderate disease

+

Severe disease

Upper respiratory tract symptoms
(&/or fever) WITHOUT shortness
of breath or hypoxia

Any one of:
1. Respiratory rate > 24/min, breathlessness
2. Sp0O2: 90% to < 93% on room air

Any one of:
1. Respiratory rate >30/min, breathlessness
2.Sp0O2 < 90% on room air

Home Isolation & Care I

MUST DOs

v Physical distancing, indoor mask
use, strict hand hygiene.

v Symptomatic management
(hydration, anti-pyretics, anti-
tussive, multivitamins).

v Stay in contact with treating
physician.

v Monitor temperature and oxygen
saturation (by applying a SpO2
probe to fingers).

Seek imr medical <] if:

(-] Difficulty in breathing

o High grade fever/severe cough,
particularly if lasting for >5 days

=] A low threshold to be kept for
those with any of the high-risk
features*

MAY DOs
Therapies based on low certainty of
evidence

- Tab lvermectin (200 mcg/kg once
a day for 3 days). Avoid in
pregnant and lactating women.

OR

> Tab HCQ (400 mg BD for 1 day f/b
400 mg OD for 4 days) unless
contraindicated.

-4 Iinhalational Budesonide (given
via Metered dose inhaler/ Dry
powder inhaler) at a dose of 800
mecg BD for 5 days) to be given if
symptoms (fever and/or cough)
are persistent beyond 5 days of
disease onset.

ADMIT IN WARD

Oxygen Support:

e

Target SpOz: 92-96% (88-92% in patients with COPD).

- Preferred d for non-reb th face
mask.
- Awake pi g ged in all pa requiring
/! 1 therapy (:
changes every 2 hours).
Anti-inflar y ori v therapy

-

Inj. Methylprednisolone 0.5 to 1 mg/kg in 2 divided

doses (or an equivalent dose of dexamethasone) usually

for a duration of 5 to 10 days.
may be initiated or

P hed to oral route if
stable and/orimproving.

Anticoagulation

>

Conventional dose prophylactic unfractionated heparin
or Low Molecular Weight Heparin (weight based e.g.,
enoxaparin 0.5mg/kg per day SC). There should be no
contraindication or high risk of bleeding.

Monitoring

s

Clinical Monitoring: Work of breathing, Hemodynamic
instability, Change in oxygen requirement.

Serial CXR; HRCT chest to be done ONLY If there is
worsening.

Lab monitoring: CRP and D-dimer 48 to 72 hrly; CBC,
KFT, LFT 24 to 48 hrly; IL-6 levels to be done if
deteriorating (subject to availability).

ADMIT IN ICU

Respiratory support
- Consider use of NIV (Helmet or face mask interface

g on y) in with increasing

oxygen requirement, if work of breathing is LOW.

- Consider use of HFNC in patients with increasing oxygen
requirement.

- Intubation should be prioritized in patients with high
work of breathing /if NIV is not tolerated.

- Use conventional ARDSnet protocol for ventilatory
management.

Anti-inflammatory or imi di ry therapy

- Inj Methylprednisclone 1 to Zmg/kg IV in 2 divided

doses (or an equivalent dose of dexamethasone) usually
for a duration 5 to 10 days.

Anticoagi n

- Weight based intermediate dose prophylactic
unfractionated heparin or Low Molecular Weight
Heparin (e.g., Enoxaparin 0.5mg/kg per dose SCBD).
There should be no contraindication or high risk of
bleeding.

Supportive measures

- Mai S lemia (if available, use dynamic measures
for ing fluid r i )
=  if sepsis/septic shock: manage as per existing protocol

and local antibiogram.

-

Menitoring

- Serial CXR; HRCT chest to be done ONLY if there is
worsening.

- Lab monitoring: CRP and D-dimer 24-48 hourly; CBC,
KFT, LFT daily; IL-6 to be done if deteriorating (subject to

' T

After clinical improvement, discharge

> s per revised discharge criteria.

ed ONLY in

{requiring SUPPLEMENTAL OXYGEN), AND

o No renal or hepatic dysfunction (eGFR <30 mil/min/m2; AST/ALT >5 times ULN (Not an

< Recommended dose: 200 mg IV on day 1 f/b 100 mg IV OD for next 4 days.
o Not to be used in patients who are NOT on oxygen support or in home settings

>  Remdesivir (EUA) may be
*High-risk for severe disease or mortality o d to severe di
v Age > 60 years
v Cardiovascular disease, hypertension, and CAD absolute contradiction), AND
¥ :':‘n(:‘ L michothés: i P t o Who are within 10 days of onset of symptom/s.
v Chronic lung/kidney/liver disease
v Cerebrovascular disease
o

Obesity

Department of Medicine, AllMS (ND)

o]

hour.

rab (Off-label) may be considered when ALL OF THE BELOW CRITERIA ARE MET

(=] Presence of severe disease (preferably within 24 to 48 hours of onset of severe
disease/ICU admission).

Significantly raised inflammatory markers (CRP &/or IL-6).

o Not improving despite use of steroids.

o No active bacterial/fungal/tubercular infection.

< Recommended single dose: 4 to 6 mg/kg (400 mg in 60kg adult) in 100 ml NS over 1

> Convalescent plasma (OFf label) may be considered OMNLY WHEN FOLLOWING CRITERIA ARE MET
o Early moderate disease (preferably within 7 days of symptom onset, no use after 7 days).
o Awvailability of high titre donor plasma (Signal to cut-off ratio (S/0) >3.5 or equivalent
depending on the test kit being used).

Figure 16: Clinical guidance for management of adult COVID-19 patients -
AIIMS/ICMR National task force- 2021
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MATERIALSAND METHODS

Source of Data: Patients with confirmed COVID-19 disease with RTPCR were
included in the study. Study subjects consisted of patients admitted in Wgensi

Care Unit (ICU) and who were given rtPA under continuous monitoring.
Study design: RETROSPECTIVE OBSERVATIONAL STUDY
Study period: JANUARY 2021 TO DECEMBER 2021

Sample size: Was estimated based on the outcome of days of oxygen withdrawal (5 +
2 days) among COVID-19 patients treated with rtPA from the study by Goyall. et
Considering SD of 2, at 1% alpha error and 95% Confidence level sample size of 32

was obtained and will be included in the study.

Z, ., SD?
Sample size = —-=—

Z, .» = Is standard normal variate as menticned in
previous section.

SD = Standard deviation of variable. Value of standard
deviation can be taken from previouslv done studv or
through pilot studv

d = Absolute error or precision as mentioned in

previous section

Z = at 1% alpha error = 2.58

d= 15% error (Absolute error)

N = 32 patients with COVID-19 on rtPA can be included in the study
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M ethod of Collection of data

Inclusion Criteria:

1. Patients who were newly admitted, if there was severe hypoxemia despite
conventional therapy for more than 72 hours with
i. PaO2/FiO2 ratio <100
ii. Patients who required FiO2 of 1.0 for more than 3 days on non-invasive
ventilation (NIV).
2. COVID-19 patients who were hospitalized in ICU for at least 7 days,
i.  Patients in whom there was difficulty in reducing FiO2 to less than Org@io f
NIV or High Flow Nasal Cannula (HFNC)

ii.  D-Dimer more than 1000 ng/ml

Exclusion Criteria:

1. Patients with recent myocardial infarction who were thrombolysed.
2. Bleeding and coagulation disorders

3. Platelet count less than 50,000/cubic ml

4. Focal neurological deficits

5. Hemodynamic instability (Hypotension / persistent uncontrolled HTN)
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METHODOLOGY

Patients meeting the above inclusion and exclusion criteria were given
recombinant tissue plasminogen activator (rtPA) at a dose of 40-50 mg (40mg for
patients less than 70 kgs and 50 mg for patients weighing more than 70 kg) as an
intravenous infusion over 4 hours followed by low molecular weight heparin twice

daily in therapeutic dose in addition to the standard line of treatment.

All the COVID-19-infected patients received the standard line of treatme

which included

=

Broad spectrum IV Antibiotic

2. Inj Remdesivir 200mg in 100ml NS IV stat followed by 100mg in 100ml NS
from day 2 to day 7

3. Inj Methylprednisolone 40mg or 60mg bd

4. Inj Tocilizumab 400mg in 100ml NS IV over 4 hrs stat, if indicated

5. Inj Enoxaparin 40 or 60mg S/C od /bd, depending on the severity of the
infection

6. Tab Favipiravir 3600mg/day in divided doses on day 1 followed by 1600mg

/day in divided doses from day 2 to day 7

7. supportive treatment

Patients were monitored with serial ABG 24 to 48 hours post-rtPA
administration to assess the need for oxygen reduction. Inflammatory biamarke
were repeated after 72 hours post-rtPA administration to look for improvement.
Patients were followed up until hospital discharge or death for any drug-related

adverse events.
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The records of these patients were searched and data were collected from the

medical records section after obtaining consent to access.

OUTCOME VARIABLES

Primary outcome variables:

Number of days required for reduction of oxygen at FiO2 <0.40

Secondary outcome variables:

Mortality due to COVID-19
Length of ICU stay

Number of days free of ICU stay post rtPA administration

The data was collected from the medical records after obtaining permission

from the medical records department.

The following data were collected

1.

2.

3.

Patients’ demography

Date of COVID-19 testing

Symptoms and duration of symptoms

Co-morbidities

CXR and HRCT thorax findings

Treatment modalities before rtPA (mode of oxygen delivery, drugs, and
dosages)

02 requirement before rtPA administration.

Platelets
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9. Date and dose of rtPA administration

10. Inflammatory biomarkers (hs-CRP, D-dimer, Ferritin, IL-6, LDH) pired a
post-rtPA administration

11. Arterial blood gas analysis pre and post (24-48hrs) rtPA administration

12. Oxygen requirement after rtPA administration

13. Number of days in ICU

14. Number of days free of ICU after rtPA administration

15. Number of days on NIV and HENC

16. Outcome — oxygen reduced to 40% /recovered/ /expired.

STATISTICAL ANALYSS; 111-113

Data were entered into a Microsoft Excel data sheet and were analyzeg usi
SPSS 22 version software. Categorical data was represented in the form of
Frequencies and proportions. THei-square test was used as a test of significance

for qualitative data.

The normality of the continuous data was tested by Kolmogorov—Smirnov

test and the Shapiro—Wilk test.

Continuous data were represented as mean and standard deviation.

Paired t-test was the test of significance for paired data such as before and

after TPA for quantitative data.

Wilcoxon Signed rank test is the test of significance for paired data such as

before and after tPA for quantitative data with skewed distribution.
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Graphical representation of data: MS Excel and MS word were used to

obtain various types of graphs such as bar diagrams, Pie diagrams.

p-value (Probability that the result is true) of <0.05 was considered

statistically significant after assuming all the rules of statédtiests.

Statistical software: MS Excel SPSS version 2ZIBM SPSS Statistics,

Somers NY, USA) was used to analyze data.
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RESULTS:

Table 6: Age distribution of patients

NO. %

<50 years 7 17.5%

51 to 60 years 12 30.0%

61 to 70 years 10 25.0%

Age

71 to 80 years 8 20.0%

>80 years 3 7.5%
Total 40 100.0%

The mean age of patients was 61.30 + 11.726 years. The majority of patients were in

the age group 51 to 60 years (30%).

Age
35.0%

0.0%

30.0%

25.0%

25.0%

20.0%

20.0%

7.5%

15.0%

Percentage

10.0%

X
C
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0.0%
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b ‘3\\‘ A@e\' (\\\, //oo

Graph 1: Bar diagram showing the age distribution of patients
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Table 7: Gender distribution of patients

NO. %
Female 9 22.5%
Gender Male 31 77.5%
Total 40 100.0%
In the study 77.5% were males and 22.5% were females.
Gender
® Female

Graph 2: Pie diagram showing Gender distribution of the patients
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Table 8: Symptoms distribution of the patients

NO. %
Breathlessness 36 90.0%
Fever 27 67.5%
Cough 28 70.0%
Weakness 8 20.0%
Gl Symptoms 4 10.0%
Anuria 1 2.5%

In the study 90% of patients had breathlessness, 67.5% had a fever, 70% had a cough,

20% had weakness, 10% had GI symptoms and 2.5% had anuria.

Symptoms
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Breathlessness Cough GI Symptoms
Symptoms

Graph 3: Bar diagram showing Symptoms distribution of the patients

Page 84



Results

Table 9: Chest X-ray features

NO. %
B/L consolidation 8 20.0%
B/L infiltrates 30 75.0%
Chest X-ray _
B/L reticular pattern 1 2.5%
features

Infiltrates on the right side 1 2.5%

Total 40 100.0%

In the study, on chest X-rays, 75% had B/L infiltrates, 20% had B/L consolidation,

and 2.5% had B/L reticular pattern and 2.5% had infiltrates on the right side.
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Graph 4: Bar diagram showing Chest X-ray features
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Table 10: HRCT findings

NO. %
GGO 2 5.0%
GGO, Crazy paving pattern 27 67.5%
GGO, Patchy infiltrates 3 7.5%
N 0
HRCT features GGO, B/L consolidation 6 15%
GGO, consolidation, B/L pleural effusio 1 2.5%
GGO, Crazy pavmg. pattern, B/L pleurg 1 2 5%
effusion
Total 40 100.0%

In the study, the most common findings observed were GGOs and crazy paving

pattern (67.5%). (Table 10)

HRCT findings
GGO, Crazy paving [ §
pattern, B/L pl... ~
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GGO, Crazy paving §
pattern 15
X
GGO BB o
0.0% 20.0% 40.0% 60.0% 80.0%
Percentage

Graph 5: Bar diagram showing HRCT findings
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Table 11: CORADS SCORE distribution

NO. %

CORADS Score 5 40 100.0%

Table 12: CTSS distribution

NO. %
Mild (<8) 4 10.0%
Moderate (9 to 15) 14 35.0%
CTSS Grade
Severe (>15) 22 55.0%
Total 40 100.0%

In the study 10% of them had a mild grade, 35% had a moderate grade and 55% had a

severe grade depending upon the CT Severity Index (table 12)
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Graph 6: Bar diagram showing CTSS distribution
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Table 13: Comorbid Conditions

Count %

HTN Yes 13 32.5%
DM Yes 17 42.5%

IHD, S/P PTCA Yes 7 30%
AKI 3 7.5%

Hypothyroidism 2 5.0%

Others Old PTB 2 5%

BA 1 2.5%

Anemia 1 2.5%

In the study 32.5% had HTN, 42.5% had DM, 30% had IHD s/p PTCA, and others as
shown in the above table.
Comorbid Conditions
Anemia I 2.5%
BA M 2.5%

Old PTB BN 5.0%

Others

Hypothyroidism Bl 5.0%

AKI 7.5%
= %E < Yes 30%
= Yes MO 42 5%
E Yes I 32.5%

0.0% 10.0% 20.0% 30.0% 40.0% 50.0%
Percentage

Graph 7: Bar diagram showing Comorbid Conditions
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Table 14: hs-CRP levels before and after rtPA

Percentiles
P
hs-CRP| N | Mean SD Minimum | Maximum
50th value
25th . 75th
(Median)
Before
PA 40| 133.203| 104.3831] 10.5 526.0 |55.975| 109.700| 176.500
r
0.097
After
PA 40| 140.672| 204.5749 6.8 1206.0 [51.200| 99.900 |130.000
r

Wilcoxon Signed Ranks Test

Mean hs-CRP before rtPA was 133.203 + 104.38 and after rtPA was 140.67 + 204.57.

There was no significant difference in mean hs-CRP after the rtPA asimation.
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Graph 8: Bar diagram showing hs-CRP levels before and after rtPA
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Table 15: D-dimer levels before and after rtPA

Percentiles
D- P
) N | Mean SD Minimum | Maximum 50th
Dimer 25th . 75th value
(Median)
Before
PA 40(2900.18 2006.423 481 6911 |1086.00 2000.00|5000.00
r
0.041*
After
PA 40| 3338.03 1980.113 1050 7122 |1372.50 3469.50|5000.00
r

Wilcoxon Signed Ranks Test

Mean D-dimer before rtPA was 2900.18 + 2006.423 and after rtPA was 3338.03 +

1980.113. There was a significant increase in mean D-dimer after rtPA edratron.

D-dimer levels before and after rtPA
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Graph 9: Bar diagram showing D-dimer before and after rtPA
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Table 16: IL-6 levels before and after rtPA

Percentiles
P
IL-6 | N| Mean SD Minimum | Maximum 50th
t value
25th _ 75th
(Median)
Before
PA 40| 397.910| 997.2789 1.5 4616.0 |45.825| 100.900| 352.250
r
0.775
After
PA 40| 256.708| 419.6120 15 2452.0 |34.000| 107.000| 308.500
r

Wilcoxon Signed Ranks Test

Mean IL-6 before rtPA was 397.910 + 997.2789 and after rtPA was 256.708 +

419.6120. There was no significant difference in mean IL-6 after rtPA admaticat.
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Graph 10: Bar diagram showing IL-6 levels before and after rtPA
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Table 17: Ferritin levels before and after rtPA

Percentiles
P
Ferritin| N Mean SD Minimum | Maximum 50th
t value
25th _ 75th
(Median)
Before
{PA 40 | 736.278| 612.4663 39.0 2763.0 |274.925 530.500| 1090.000
r
0.075
After
PA 40 | 901.026| 633.1162 121.0 3036.0 |[407.000 764.000| 1295.000
r

Wilcoxon Signed Ranks Test

Mean ferritin before rtPA was 736.27 + 612.46 and after rtPA was 901.026 + 633.11.

There was no significant difference in mean ferritin after rtPA adstiation.
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Graph 11: Bar diagram showing Ferritin levels before and after rtPA
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Table 18: LDH levels before and after rtPA

Percentiles
P
LDH | N | Mean SD Minimum | Maximum oth
S0t value
25th _ 75th
(Median)
Before
PA 40| 979.3751377.9918 333.0 9245.0 |558.000 709.500|886.500
r
0.429
After
PA 40| 721.33| 401.443 66 1821 500.00| 678.00 | 876.00
r

Wilcoxon Signed Ranks Test

Mean LDH before rtPA was 979.375 + 1377.99 and after rtPA was 721.3 + 401.44.

There was no significant difference in mean LDH after rtPA admirtistna
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Graph 12: Bar diagram showing LDH levels before and after rtPA
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Table 19: pH levels before and after rtPA

Percentiles
P
pH N |Mean| SD | Minimum | Maximum 50th
value
25th _ 75th
(Median)
Before
40 |7.385| .0630 7.3 7.5 7.300, 7.400 |7.400
rtPA
0.048*
After
PA 40 |7.359| .0686 7.2 7.5 7.300, 7.400 |7.400
r

Paired t-test

The mean pH before rtPA was 7.385 + 0.063 and after rtPA was 7.359 + 0.068. There

was a significant decrease in mean pH after rtPA administration.
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Graph 13: Bar diagram showing pH levels before and after rtPA
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Table 20: PCO2 levels before and after rtPA

Percentiles
P
PCO2 | N | Mean| SD | Minimum | Maximum oth
50t value
25th _ 75th
(Median)
Before
40 | 31.69]| 6.327 12.3 45.5 29.000| 32.000 | 35.500
rtPA
0.330
After
PA 40 | 32.90| 5.714 25.0 50.5 29.000| 32.900 | 35.000
r

Paired t-test

Mean PCO2 before rtPA was 31.697 + 6.32 and after rtPA was 32.90 + 5.714. There

was no significant change in mean PCO2 after rtPA administration.
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Graph 14: Bar diagram showing PCO2 levels before and after rtPA
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Table 21: PO2 levels before and after rtPA

Percentiles
p
PO2 | N | Mean SD Minimum | Maximum oth
S0t value
25th _ 75th
(Median)
Before
PA 40| 64.100| 12.4330 37.0 93.5 57.000| 61.600 | 76.000
r
0.03*
After
PA 40| 71.638| 19.4521 34.9 125.0 60.000( 70.400 | 84.500
r
Paired t test

Mean PO2 before rtPA was 64.1 + 12.43 and after rtPA was 71.63 + 19.45. There was

a significant increase in mean PO2 after the rtPA administration.
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Graph 15: Bar diagram showing PO2 levels before and after rtPA
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Table 22: SO2 levels before and after rtPA

Percentiles
P
SO2 | N | Mean SD Minimum | Maximum oth
50t value
25th _ 75th
(Median)
Before
PA 40| 88.195| 13.4943 16.2 99.4 87.000| 91.000 | 95.000
r
0.580
After
PA 40| 88.195| 14.4736 20.0 98.0 85.300[ 90.000 | 95.900
r

Paired t-test

Mean SO2 before rtPA was 88.195 + 13.49 and after rtPA was 87.45 + 14.47. There

was no significant improvement in mean SO2 after rtPA administration.
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Graph 16: Bar diagram showing SO2 levels before and after rtPA
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Table 23: HCO3 levels before and after rtPA

Percentiles
P
HCO3 | N | Mean SD Minimum | Maximum oth
50t value
25th _ 75th
(Median)
Before
PA 40| 22.303| 11.8845 8.2 90.0 18.300| 21.000 | 22.500
r
0.286
After
PA 40| 23.378| 11.4349 14.0 88.0 20.000| 21.200 | 25.000
r

Paired t-test

Mean HCO3 before rtPA was 22.303 + 11.88 and after rtPA was 23.37 + 11.43. There

was no significant change in mean HCO3 after the rtPA administration.
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Graph 17: Bar diagram showing HCO3 levels before and after rtPA
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Table 24: PaO2/FiO2 ratio before and after rtPA

Percentiles
P
PaO2/Fi0OZ2 N | Mean SD | Minimum|Maximum oth
S0t value
25th _ 75th
(Median)
Before
40| 73.397(15.9996 46.0 100.0 |61.400 73.300 | 88.000
MPA 0.001*
After rtPA |40|114.568 72.4769 40.0 314.0 |61.100 81.000 |167.500

Paired t-test

Mean PaO2/FiO2 before rtPA was 73.39 + 15.99 and after rtPA was 114.56 + 72.47.

There was a significant increase in mean PaO2/FiO2 after rtPA astnaition.
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Graph 18: Bar diagram showing PaO2/FiO2 ratio before and after rtPA
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Table 25: No of days in ICU, no. of days free of ICU post-rtPA, no. of days on
NIV and HFNO

No days free of

No of days on

No of days on

NodaysinICU| ) nost-ripa NIV HFNO
N 40 40 39 19
Mean 12.48 1.47 7.92 5.68
SD 7.404 2.563 5.503 2.162
Minimum 1 0 1 2
Median 11.00 0 7.00 6.00
Maximum 32 10 22 9

In the study mean no. of days in ICU was 12.48 + 7.404 days. The mean no of days

free of ICU post-rtPA was 1.472.563 days, the mean no. of days on NIV was 7.92 +

5.503 days, and the mean no. of days on HFNO was 5.68 + 2.162 days.
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Graph 19: Bar diagram showing No of days in ICU, no. of days free of ICU post-
rtPA, no. of days on NIV and HFNO
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Table 26: Mean No of days required to reduce FiO2 <0.4 after rtPA infusion

No of days required to reduce FiO2 <0.4 after rtPA
N 15
Mean 9.600
SD 8.6668
Minimum 1.0
Median 5.000
Maximum 30.0

In the study mean days required to reduce FiO2 <0.4 after rtPA was 9.60 + 8.66 days.

Mean = 9.6
St Dev. = 3.667
M=15

Frequency

-100 0 100 20.0 30.0 40.0
No of days required to reduce fio2 <0.4 after Tpa

Graph 20: Histogram showing the mean no. of days required to reduce FiO2

<0.4 after rtPA infusion
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Table 27: Side effects of rtPA

Count %
Nil 27 67.5%
Bleeding per rectum 1 2.5%
Ecchymosis, deranged coagulation prof

' thrombogcytopen?a i ! 2%

Side effectg ET tube bleeding 1 2.5%
of rtPA Haematuria 4 10.0%
Haemoptysis 1 2.5%

Nasal bleed 4 10.0%

Purpura in the right upper limb 1 2.5%
Total 40 100.0%

In the study, 67.5% had no side effects. However 32.5% of patients had minor side

effects of which haematuria and nasal bleeding were most common.
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Graph 21: Bar diagram showing Side effects of rtPA
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Table 28: Final Outcome - Mortality benefits

Count %
Expired 28 70.0%
Final Outcome Recovered 12 30.0%
Total 40

In the study, 70% expired, and 30% recovered.

Final Outcome

«
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Graph 22: Pie diagram showing the Final Outcome- Mortality benefits
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Table 29: Association between CT Severity score and Outcome

Outcome

Expired Recovered Total

Count | RowN % | Count | RowN%| Count

Mild 2 50.0% 2 50.0% 4

CTSS
Moderate + Severg 26 72.2% 10 27.8% 36

Grade
Total 28 70.0% 12 30.0% 40

x 2 =0.8466, df =1, p = 0.35[Chi-square test]

In the study among patients with mild CTSS grade, 50% had mortality, among
patients with moderate and severe CTSS grade, 72.2% had mortality. Therewas

significant association between CTSS grade and Outcome.
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Graph 23: Bar diagram showing Association between CT Severity Score and
Outcome
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Table 30: No of days on NIV according to Outcome

95% Confidence
Interval for Mean p
N | Mean| SD Minimum | Maximum |
Lower | Upper value
Bound| Bound
Expired |28| 8.14 |5.576| 5.98 10.30 1 22
No of 0.696
days on | Recovered 11| 7.36 | 5.537| 3.64 11.08 2 21
NIV
Total 39| 7.92 |5.503| 6.14 9.71 1 22

Independent t-test

The mean no of days on NIV among patients who died was 8.14 + 5.576 days and
among patients who recovered was 7.36 + 5.537. There was no significant difference

in the no. of days on NIV according to outcome.
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Graph 24: Bar diagram showing No of days on NIV according to Outcome
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Table 31: No of days on HFNC according to Outcome

95% Confidence
Interval for

N |Mean| SD Mean Minimum | Maximum| P value

Lower| Upper
Bound| Bound

Expired 10 | 4.601.713 3.37 | 5.83 2 7
No of 0.016*
days on Recovered| 9 | 6.89|2.028 5.33 | 8.45 3 9
HFENC

Total 19 | 5.68|2.162] 4.64 | 6.73 2 9

Independent t-test

The mean no of days on HFNC among patients who died was 4.60 + 1.71 days and
among patients who recovered was 6.89 + 2.028. There was a significant difference in

the days on HFNC according to outcome.
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Graph 25: Bar diagram showing No of days on HFNC according to Outcome
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Table 32: Association between Comorbidities and Outcome

Outcome
Expired Recovered P value
Count | RowN %| Count | RowN %

Yes 11 84.6% 2 15.4%

HTN 0.162
No 17 63.0% 10 37.0%
Yes 13 76.5% 4 23.5%

DM 0.443
No 15 65.2% 8 34.8%
Yes 7 77.8% 2 22.2%

IHD 0.563
No 21 67.7% 10 32.3%
AKI 3 100.0% 0 0.0%
BA 1 100.0% 0 0.0%

Others 0.610
Hypothyroidism 1 50.0% 1 50.0%
Old PTB 1 50.0% 1 50.0%

In the study among patients with HTN, 84.6% had mortality and among patients
without HTN, 63% had mortality. Among patients with DM, 76.5% had mortality and
among patients without DM, 65.2% had mortality. Among patients with IHD, 77.8%
had mortality and among patients without IHD, 69.7% had mortality. Among patients
with AKI, 100% had mortality and among patients with Bronchial Asthma, 100% had
mortality, among patients with Hypothyroidism, 50% had mortality, among ipiatie
with old PTB, 50% had morality. There was no significant association letwe

comorbidities and outcome.
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Comorbidities vs Outcome
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Graph 26: Bar diagram showing Association between Comorbidities and
Outcome

Page 108



Discussion

DISCUSSION

The patients who died of respiratory failure due to COVID-19, when evaluated
pathologically after an autopsy showed a common pattern of disseminated pwmonar
microvascular thrombosid*'1°>Several decades ago, therapy was proposed for use in
organ failure!'® The safety and potential feasibility of fibrinolytic therapy in patients
with ARDS was proven in two small phases 1 clinical tridléMoore et al was the
first to propose the use of fibrinolytic therapy in COVID-19 respiratoryufia! 118
Subsequently several case series and a small retrospective observatidgalvas
published proving the beneficial role of rtPA!®120  Hence a retrospective
observational study was conducted among 40 severe COVID-19 patients admitted to
the ICU under the Department of Respiratory Medicine, Jawaharlal Nehru Medic
College, Belagavi for 1 year. Ethics committee approval was obtained befostattie

of the study.

General Profile:

The mean age of patients was 61.30 £ 11.726 years. The majority of patients
were in the age group 51 to 60 years (30%). 77.5% were males and 22.5% were

females
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Table 33: Comparison of the General profile of COVID positive patients

Number of
) Age Gender (M: F)
subjects
Present study 40 61.30£11.726 years 77.5% and 22.5%
Han et al*?! 114 54 £ 12 years 70% and 30%
Gu et al 122 155 42.97 +14.85 56.2% and 43.8%
_ 42.7 years
Liang et al'?3 88 58.0% and 42%
(Range, 4— 82 years)
Pan et af** 63 44.9 + 15.2 years 52.3% and 47.7%
Wang et al?® 484 47 years (Median) -

Barrett CD et al
[Vanguard

multicenter study]*

59.0 (47.0-65.0)

78.9% and 21.1%

In our study, the mean age of the patients was high in severe COVID-19

patients. Male preponderance was seen among COVID-19. Hence similar male

preponderance was observed in the present study as well.

This predominant male composition could be attributed to the increased

occurrence of the disease and hospitalization of male patients as compahail to t

female counterparts. In these studies, also the higher severity of theselisees

observed with increased advancing age of the patients which was also obseoued in

study denoting that increased age could be a risk factor for developing severe

COVID-19.
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Clinical Profile of COVID-19 patients

90% of patients had breathlessness, 67.5% had a fever, 70% had a cough, 20%

had weakness, 10% had Gl symptoms and 2.5% had anuria.

Table 34: Comparing the clinical profile of COVID-19 patients

Present study Islam et alt?6| Gu et al1?? Liang etall® | Paudel et al*?’
Breathlessness 90% 55% 16.13% 13.6% 17%
Cough 70% 77.4% 56.13% 56.8% 68%
Fever 67.5% 76% 78.06% 84.1% 88.8%

In the present study since severe COVID-19 cases were included

breathlessness was the most common symptom observed, similar to the study by

Islam et al 1?6 Other studies showed fever as the most common symptom.

Clinical features depend on the stage of presentation. As the disease

progresses symptoms worsen especially breathlessness which carnblogealtio the

development of ARDS or pulmonary embolism leading to respiratory failure.

HRCT findings:

In the present study on HRCT, the most common findings were GGO, Crazy

paving pattern (67.5%).

In a study byXiong et al.,*?® the initial chest CT showed single or multiple

GGO, consolidation in 55%, interstitial thickening or reticulation in 41%, air

bronchograms in 33%, and pleural effusion in 12P&n et al.,'?* in their study

observed that in

initial

HRCT 22.2% of patients had GGO, 85.7% had
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patchy/punctate ground glass opacities, 19.0% of patients had patchy consolidation,

17.5% of patients had fibrous bands and 12.7% had irregular solid nodules.

Our findings were similar to the study byan et al.,*?’Most common findings
were GGO, followed by consolidation. A crazy-paving pattern is defined as the
presence of GGOs with superimposed interlobular septal thickening giving the
appearance of irregular paving stones. It has been reported in 5-36% of COVID-19

patients.

CT Severity Score:

The COVID-19 infection was confirmed largely by RTPCR assays. But the
limitations of RT-PCR tests like low sensitivity, insufficient statyiliand relatively
long processing time to obtain results forced them to rely on comprehensive
assessment using CT thorax and clinical manifestation. Some studies deghatténe
positive rate of RT-PCR assays for throat swab samples was 3086G%lany
factors such as sampling operations, specimen sources (upper or lower oggpirat
tract), sampling timing, and the detection kit's performance can affectRT-PCR

resultst2®

In the study byTabatabaei et al.,'*° 43.3% were mild, 50% were moderate
and 6.7% were severe as per HRCT score. In the studgdsed et al.}3' Mild
diseases were seen in 329/209 (36.5%), moderate in 309/902 (34.3%), and severe in

61/209 (6.8%) patients.

The appearance of the lesions could be attributed to the time at the
presentation from the disease onset leading to multiple spectra of presemntetging

from the subtle appearance of GGOs progressing to consolidation and crazy paving
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pattern which also increase the CT severity score. The associationuslpdéfusion
has been a rare occurrence to be reported. HRCT lesions may also alter thee to t

presence of secondary bacterial and other infections

Comorbidities among Covid Cases:

In the present study, 32.5% had HTN, 42.5% had DM, 17.5% had IHD s/p
PTCA, 7.5% had AKI, 5% had Hypothyroidism,5% had h/o old PTB,2.5 % had

bronchial asthma, 2.5% had anemia.

In the study bylslam et al.,'?® major co-morbid conditions were diabetes
mellitus, hypertension, bronchial asthma, and chronic kidney disease (CKDpfOut
100 patients, 75.5% patient had co-morbidity whereas 24.5% of patients did not have
any co-existing disease. In the meta-analysisPaydel 27 , it was observed that
among COVID patients, 15.8% had HTN, 11.7% had cardiovascular diseases, 9.4%
had DM, 1.4% had respiratory comorbidities and 0.8% had renal disorders. The
current study has similar findings where HTN was the predominant co-morbidity in

the patients.

Barrett CD et al., * in a vanguard multicentre study observed that 31.6%
had DM, 94.7% had Cardiac disease, 21.1% had HTN, 78.9% had COPD, 26.3% had
hyperlipidemia and 3.8% had other comorbidities. In this study majority of the
patients had cardiovascular disease, unlike the present study where patidnts wit

cardiovascular disease were only 17.5% and had undergone PTCA.
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Inflammatory markers:

Mean hs-CRP before rtPA was 133.203 + 104.38 and after rtPA was 140.67
204.57. There was no significant difference in mean hs-CRP after the rtPA
administrationMean D-dimer before rtPA was 2900.18 + 2006.423 and after rtPA
was 3338.03 £ 1980.113. There was a significant increase in mean D-dimer after
rtPA administration. Mean IL-6 before rtPA was 397.910 + 997.2789 and after rtPA
was 256.708 = 419.6120. There was no significant difference in mean IL-6 after rtPA
administration. Mean Ferritin before rtPA was 736.27 + 612.46 and after rtPA was
901.026 + 633.11. There was no significant difference in mean Ferritin after rtPA
administration. The mean LDH before rtPA was 979.375 + 1377.99 and after rtPA
was 721.3 + 401.44. There was no significant difference in mean LDH after rtPA

administration.

Price et al.'*?in their study observed that immediately after thrombolysis, D-dimer
increased (from 3832 (1062-18829) to 16,011 (10,920-42,146) ng/ml, p%0.10), and
at 11 (10-14) hours after thrombolysis, fibrinogen fell from 6.75 (5.95-8.83) g/L to
4.40 (3.88-6.60) g/L (p ¥40.04). Other parameters showed no statistically significant
improvement over the same time period (C-reactive protein 280mg/L (185—-318) to
263mg/L (158-373), p¥0.85; white blood cells 17.9109 (12.9-22.2) to 16.3109

(13.2-19.6), p¥0.73).

The present study showed statistically no significant change in inflamynator
markers, except D-dimer which is the expected outcome after the admiiwstiof
fibrinolytic. However clinically any improvement cannot be abandoned. These

findings of the current study were consistent with the findings of a study done by
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Barrett et al. 33 which demonstrated a correlation between the lysis of the formed

clot and a significantly elevated D-dimer immediately following tPA.

Arterial Blood Gas Analysis

In the present study mean pH before rtPA was 7.385 + 0.063 and after rtPA
was 7.359 = 0.068. There was a significant decrease in mean pH after the rtPA
administration. Mean PCO2 before rtPA was 31.697 = 6.32 and after rtPA was 32.90
*+ 5.714. There was no significant change in mean PCO2 after rtPA admirustrati
Mean PO2 before rtPA was 64.1 + 12.43 and after rtPA was 71.63 + 19.45. There
was a significant increase in mean PO2 after the rtPA administration Mean SO2
before rtPA was 88.195 + 13.49 and after rtPA was 87.45 + 14.47. There was no
significant improvement in mean SO2 after the rtPA administration. Me@®3
before rtPA was 22.303 + 11.88 and after rtPA was 23.37 + 11.43. There was no

significant change in mean HCO3 after the rtPA administration.

Mean PaO2/FiO2 before rtPA was 73.39 + 15.99 and after rtPA was
11456 = 72.47. There was a significant increase/improvement in mean

PaO2/FiO2 after the rtPA administration.

Barrett et al. 32 in their study observed that tPA was associated with
significant Pa@FiO. improvement at 48 h (estimated paired difference = 23.1 £ 6.7),
which was sustained at 72 h (interaction tenmn < 0.00). Improvement in
PaQ/FiO, ratios in patients who had deteriorating respiratory status before rtPA
administration was more significant than in patients who had poor but stable
respiratory status. The results of this trial show that the use of tPA (aftephs a

bolus with immediate therapeutic anticoagulation after its administrdtioisevere
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COVID-19 respiratory failure is safe and seems to improve oxygenation osgelita

in a sustained fashion (from 6 through 168 h after randomization)

Price et al'*? in their study found that Alteplase improved PaO2/FiO2 ratio
(from 97.0 (86.3-118.6) to 135.6 (100.7-171.4), p¥40.03) and ventilatory ratio (from
2.76 (2.09-3.49) to 2.36 (1.82-3.05), p%0.011) at 24 h. The findings were similar to
the present study where improvement in PaO2/FiO2 ratio was observed 24 hours post

tPA administration.

Barrett et al.,# in their vanguard multicentre study showed that the percent
change of PaO2 to FiO2 ratio at 48 hours was 29.8% in tPA bolus group[IQR, 4.5%-
88.7%]. They observed that patients who received a tPA drip did not experience
benefit. The findings of our study were similar in the improvement of the PaO2 to

FiO2 ratio and percentage change

Table 35: Comparison of PaO2/FiO2 of present study with other studies

tPA Bolus Group Barrett CD et al Barrett CD et al Present study
Phase 1 Phase 2

Vanguard multicenter study

PaO2 to FiO2 ratio

Baseline 113.3(89.0-135.0)| 109.7(77.0-132.9)| 73.39 £15.99

At24 h 144.0(122.9-217.1) 94.5(71.0-114.5) | 114.56 £72.47

% Improvement over | 44.4 (-3.4t0 78.0) | —16.7 (-37.4t0 36.5 -

baseline at 24 h

At48h 157.1(130.0-188.0) 103.5(78.8-105.0) -
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% Improvement over 29.8 (4.5-88.7) -19.6 (-21.7t0 2.3 -

baseline at 48 h

Composite outcome: 9(47.4) 1(16.7) -
Pa to FiO2 ratio

% Improvement at48h
of > 50% or PaQ@ to
FiO2 ratio of > 200

Since serial monitoring of ABG was not feasible in the present study due to
the overwhelming burden of COVID-19, it is not possible to comment on the

persistence of the improvement in the PaO2/FiO2 ratio beyond 48 hours.

No of days in ICU, no of days free of ICU post-rtPA administration, no. of days

on NIV, no. of days on HFNC.

In the present study mean no of days in ICU was 12.48 + 7.404 days, the mean
no of days free of ICU post-rtPA was 142.563 days, the mean days required to
reduce fio2 <0.4 after tPA was 9.60 * 8.66 days, mean no. of days on NIV was 7.92 +
5.503 days and mean no. of days on HFNC was 5.68 *+ 2.162 days. In this study, a

total of 70% of the patients expired, and 30% recovered.
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Table 36: Comparison of Length of ICU stay and No of days on NIV of the

present study with other studies

tPA Bolus Group

Barrett CD et al Barrett CD et al
Phase | Phase Il
Vanguard multicenter study

Present study

Length of ICU
stay

16.0 (11.0-28.0

19.0 (17.0-25.0

12.48 £7.404
days

Ventillation days

13.0 (8.0-25.0)

17.5(16.0-25.0

7.92 +5.503 day

In the Vanguard multicentre study byBarrett CD et al.,* the mean duration
of ICU stay was 16.0 (11.0-28.0) days, and the mean days on ventilation was 13.0

(8.0-25.0) days.

Duration of ICU stay and no. of days on NIV was lower in the present study
compared to the study done by Barrett et al. The reason could be due to the beneficial
effect of rtPA in fibrinolysis, restoring the ventilation and reducing the oryge
requirement thereby reducing the need for NIV although this improvement was not

sustained for a long time as reflected by the mortality in the present study.

Final Outcome - Mortality Benefits
While COVID-19 overall mortality likely ranges from 1% to 5%, this is much
higher in patients with COVID-19—-induced acute respiratory distress oymalr

(ARDS) (22%-64%)2134135
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In the present study, 70% expired, and 30% recovered. Our study included
patients admitted to ICU or MICU hence the mortality rates were hightérampresent

study

In the vanguard multicentre study done Bwrrett et al., 4 there was no
significant difference in in-hospital mortality between tPA bolus and corgroup
(41.2% vs 21.1%; P = 0.19). The tPA drip group did not show any benefits when

compared to controls.

In a retrospective observational study done Aghwathappa et al., 3¢
included 34 patients out of which 13 patients with severe ARDS were thrombolysed.
It demonstrated lower ICU mortality in thrombolysed patients than in non-

thrombolysed patients (23.1% vs. 71.4P6; 0.006).

CT Severity score and Outcome:

In the present study, the mean number of days in ICU was 12.48 + 7.404 days,
the mean days required to reduce Fio2 <0.4 after rtPA was 9.60 + 8.66 days, the mean
no. of days on NIV was 7.92 £ 5.503 days and mean no. of days on HFNO was 5.68 +

2.162 days. In the study, 70% expired, and 30% recovered.

In the study among patients with mild CTSS grade, 50% had mortality, among
patients with moderate CTSS grade. In the study among patients with mB5CT
grade, 50% had mortality, among patients with moderate + Severe CTSS grade,
72.2% had mortality. There was no significant association between CTSS gndde
outcome. This can be attributed to the progression of the disease and the imgrease

CTSS with disease progression which led to poor outcomes.
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Saeed et al.’*! observed that the death rate in their study was significantly
increased among patients with severe CT findings. Similar findings weenasin

the studyby Li et al., 37

In a retrospective study done Byancone et al3® 130 symptomatic COVID-
19 patients were enrolled and CT thorax findings were retrospectively egdlulat
was found that in severe and critical COVID-19 patients the CT score was
significantly higher compared to those with mild COVID infection (p < 0.00@hx
among those patients in the late phase as compared to those in the early phase (p <
0.0001). A CT score of more than 18 was viewed as prescient of death and to be

related to an increased mortality risk.

A retrospective study done b¥iao et al.3° which included a total of 243
patients, assessed the correlation of CTSS with disease progressiamuaddHat the

highest CT score was associated with disease progression.

However, in our study, there was no statistically significant associati

between CTSS and outcome. This can be due to the use of rescue rtPA.

Number of days on NIV and HFNC according to Outcome
In the present study mean no of days on NIV among subjects who died was
8.14 £ 5.576 days and among patients who recovered was 7.36 + 5.537. There was no

significant difference in the days on NIV according to the outcome.

The mean no of days on HFNO among patients who died was 4.60 = 1.71 days
and among patients who recovered was 6.89 + 2.02&re was a significant

difference in the no. of days on HFNC according to the outcome.
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This indicates that patients who were shifted from NIV to HFNC and who
recovered had a greater benefit from rtPA administration
Comorbidities with Outcome

In the study among patients with HTN, 84.6% had mortality and among
patients without HTN, 63% had mortality. Among patients with DM, 76.5% had
mortality and among patients without DM, 65.2% had mortality. Among patients with
IHD, 77.8% had mortality and among patients without IHD, 69.7% had mortality.
Among patients with AKI, 100% had mortality and among patients with Bronchial
asthma, 100% had mortality. Among patients with Hypothyroidism, 50% had
mortality, among patients with Old PTB, 50% had morality. There was nafgignt

association between comorbidities and outcome.

In the present study, the lack of association of co-morbidities with magrialit
patients who were administered rtPA could be because of the inclusion of severe
cases whose prognosis was poor irrespective of the comorbidity, progression of

disease in patients with mild infection who did not have any co-morbidities.

Side effects of rtPA:

In the present study, 67.5% of patients had no side effects. However 32.5% of
the patients had minor side effects of which haematuria and nasal bleeding were

present in 10% of patients each.

Barrett CD et al. 4 in their vanguard multicentre study incidence of adverse
events following rtPA administration was 68.4%. Bleeding events were 15.8%. The

incidence was higher compared to the present study.
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In a multicentre retrospective observational study doneChyistopher et
al.1*3 consisting of 79 patients, bleeding complications were reported in 13 (16.5%) of
the patients, with nine of these episodes occurring within 72 hours of tPA (50mg)

administration. There was one intracranial hemorrhage that caused death.

Goyal et al.'%” also did not encounter any bleeding episodes in their case
series of 3 patients. In the clinical trial, they observed that thrombolysigelatively
safe and effective option in carefully selected critically ill pats of COVID-19.
However, the usefulness of fibrinolytic agents in management will be cleameg

the results of a randomized trial of tPA will be available.

The findings of this study were of high clinical significance during a global
pandemic of a disease with high morbidity and mortality. Of particular inamome
was safety: no major bleeding events occurred, including intracranial hemorrhage,
that was associated with tPA answering an important question for future

investigations and clinical use.

LIMITATIONS:

1. A major limitation of this study was no comparison group. Hence its real
beneficial effect among severe COVID-19 patients must be evaluated by
conducting a double or triple-blinded randomized controlled trial.

2. Confounding factors affecting mortality were not analyzed.

3. The sample size was small hence larger sample size is to be included.

4. Different doses and routes of rtPA administration were not evaluated.

5. Combination therapy with heparin was not evaluated

Page 122



Discussion

RECOMMENDATIONS:

From the study findings, it was recommended that Recombinant Tissue
Plasminogen activator (rtPA) due to its ability to manipulate the fibriolgystem
can be a promising treatment option in reducing mortality and morbidity irfudgre
selected severe COVID-19 patients.

The exact role of rtPA as a treatment option for severe COVID-19-infected
patients with refractory hypoxemia or those at high risk of developing cytokorens

requires future studies.

Page 123



Conclusion

CONCLUSION:

From the study findings, it was concluded that the use of Recombinant Tissue
Plasminogen Activator (rtPA) in severe COVID-19 induced ARDS resulted in a
significant increase in PaO2/FiO2 ratio and PO2 after 24-48 hours of rtPA
administration. It also increased D-dimer levels showing its efficacy in the lysis of the
clot. However, there was no significant improvement in the other inflammatory
parameters post-rtPA administration. The duration of ICU and no of days on NIV was

lesser when compared to other similar studies.

In a resource-constrained crisis, such as the COVID-19 pandemic, where
ventilators and ECMO circuits may be short in supply, fibrinolytic therapy along with
therapeutic enoxaparin in carefully selected cases where laboratory markers and
respiratory parameters point to thrombotic coagulopathy with vascular occlusive
pulmonary physiology appears to be promising in improving oxygenation with

acceptable safety profile.

Page 124



Summary

SUMMARY:

A retrospective observational study was conducted among 40 Severe COVID
subjects admitted to ICU under the Department of Respiratory Medicine,Dr.

Prabhakar Kore Hospital and MRC, Belagavi for 1 year.

1. The majority of subjects were in the age group 51 to 60 years (30%) and
majority of them were males. The most common comorbidity was HTN in
32.5% of the patients

2. The most common symptom was breathlessness and on chest X-ray 75% had
B/L infiltrates.

3. CORADS Score — 100% had a score of 5, CTSS score was mild in 10%,
moderate in 35%, and severe grade in 55% of the patients. On HRCT, the
common finding was GGO and crazy paving pattern (67.5%).

4. Inthe study, there was no significant difference in hs-CRP, IL-6, Ferand
LDH after rtPA administration. However, there was a statisticaliyificant
increase in d-dimer after rtPA administration indicating effectiteifiolysis.

5. Mean PO2 before rtPA was 64.1 + 12.43 and after rtPA was 71.63 + 19.45.
Mean PaO2/FiO2 before rtPA was 73.39 = 15.99 and after rtPA was 114.56 +
72.47. There was a significant increase in mean PO2 and mean PaO2/FiO2
after rtPA administration. There was no significant increase in mé&aQx®
Sp02, and HCO3 after rtPA administration.

6. The mean no of days in the ICU was 12.48 + 7.404 days

7. The mean no of days free of ICU post-rtPA was 27563 days

8. The mean no. days required to reduce FiO2 <0.4 after rtPA was 9.60 * 8.66

days.
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10.

11.

12.
13.

14.

Among patients with mild CTSS grade, 50% had mortality, among patients
with moderate and severe CTSS grade, 72.2% had mortality. There was no
significant association between CTSS grade and Outcome.

The mean no of days on NIV among patients who died was 8.14 + 5.576 days
and among patients who recovered was 7.36 = 5.537. There was no significant
difference in no. of days on NIV according to the outcome.

The mean no of days in HFNC among patients who died was 4.60 + 1.71 days
and among patients who recovered was 6.89 + 2.028. There was a significant
difference in the no. of days on HFNC according to the outcome.

There was no significant association between comorbidities and outcome.

In the study, 67.5% of the patients had no side effects. However 32.5% had

minor side effects of which haematuria and nasal bleeding were common.

Mortality was seen in 70% of the patients who received rtPA.
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Annexures

ANNEXURE - - PROFORMA

Patient initials

Age

Sex

Date of COVID testing:

Symptoms and duration:

X-ray features . consolidation/infiltrations/reticular

Unilateral/bilateral

HRCT features : 1.Unilateral/Bilateral

2.GGO/Reticular/crazy paving

3.consolidation/multiple/patchy

4 cavitation/effusion

5.CORADS Score:

6.CTSS:

Comorbid Conditions: IHD/HTN/DM/Malignancies/Post PTCA/ Others

Treatment modalities tried before rtPA:

- oxygen, face mask, RBM, HFNO, NIV

- days
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Annexures

Enoxaparin

Methyl prednisolone — normal dose/high dose

Remdesvir

Tocilizumab/Alzumab

Oxygen requirement before rtPA

Dose of rtPA administered: 30mg 40mg 50mg

Laboratory parameters

Before tPA administration After tPA administration

hs-CRP

D-dimer

Ferritin

IL-6

LDH

Platelets:
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Annexures

ABG:

ABG before rtPA ABG 24-48 hrs after rtPA

pH

PCO2

PO2

SO2

HCO3

PaO2/Fi02

No of days required to reduce FiO2 <0.4 after rtPA

No of days in ICU:

No. of days on NIV:

No. of days on HFNC:

No. of days free of ICU post rtPA:

Oxygen requirement after rtPA:

Complication of rtPA if any:

Repeat HRCT, If any:

Final outcome: Oxygen reduced to 40%
Recovered

Died
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Annexures

ANNEXURE - Il - PHOTOGRAPHS

PHOTOGRAPH 1: VENTILLATOR
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Annexures

PHOTOGRAPH 2: HIGH FLOW NASAL CANNULA
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Annexures

ANNEXURE - lll - KEY TO MASTERCHART

CTSS - CT severity score

MP - Methyl Prednisolone

rtPA - Recombinant Tissue Plasminogen Activator
ABG - Arterial blood gas analysis

NIV - Non-Invasive ventilation

HENC - High Flow Nasal Cannula
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ANNEXURE - IV —

MASTERCHART
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fever with chill, cough , expectoration x hino -fi02-60 S0l/min , HENG-50L/min fio2-40%, spo2 RECOVERED , 02
1023503 | N| 55 oo 21.09-2021 bil consolidation GGo 5| 222 . NRBM HFNO 40mg 500mg alzumab given o oo, 50mg 510000] 90 | 1200 2708 23] sy o o 2008 468 600 [74 |31 |57 oos |21 |es |743 | 320 |es7 | 939|HAY amo 170 7] 6 5 . 5 - el o2
1023036 | M| 68| M | breathlessness.cough, fever x 7 day: 16-09-20p1 bilinfitrates  |GGO , Crazy paving pattery 5 | 13125 HIN NIV 60(BID) mg 500mg tocilizumab give C"a”'w‘;%m +SPO2L 5omg 302000 89 | >s00p 34| 1324 7 1 631 2452 1989 1248 |74 |34 [735 | 95 |237 |735 | 747| 28 | 619| 914 178  OCRA®I16p02-92% 61 7 0 0 7 B EXPIRED
NRBM-15LIMIN fio2-
1024541 | BP| 80| M | breathlessness disorientation x2 day}  01-10-2041 Blliwties GGO , Crazy paving pattery 5 | 20125 T2DM AKI NRBMNIV 60mg | 500mg stat dse - given e somg 78000 | 100 | 55000 152 1009 7 of a6 23 g6 |73 |37 |37 |98 [181 pe2s | 73 | 30 | 66 | 78| 20  NRemSpdmiedw | 825 | 1| o0 1 1 - - EXPIRED
1023620 | DS| 58| | Dreahlessness J:y“sg"‘e"pw‘”a‘“’"x 18:09-2020 bl infiltates GGO , patchy. 5| 1725 post PTCA NRBM/HENO 60m 500MG B given HF';‘;;S";Q{‘J';“;:Z' 50MG 104000 | 350 | 10s9| ess| 992| 416 37g 20 54 0 409 P4 |31 |59 |91 |05 7375 | 74 | 33 [467 | 84 | 227  CRARE0SPO2-90% 467 6| o 0 1 4 B EXPIRED
) IHD,HTNT2DM ,post CPAP-100/6/10, spo2- . y Bleeding per | RECOVERED , 02
1021857 | MP| 64 | M | breathiessness fever coughx 4days  27-08-20p1 bl infitsat GGO , Crazy paving patter) 5 | 14125 ion HENO, NIV 60mg 40mg given o 40mg 158000 260 | >s000 500 70§ pt 5000 1295 1065 96 |73 |45 |60 |88 |18 |60 | 73 | 505 |349 | 651| 285  /mbmaps2.05% 436 | 20| 7 5 5| s | e | o o
breathlessness x 4-5 days CPAP-S06/10. SPOZ
1025672 | RE| 72| M| .cough.expectorationx 3days pain | 11-10-2020 bilinfilrates GGO , crazy paving patterf 5 | 15025 T20M face ask HFNONIV | domg 40mG alzumab given Yo s0MG 263000| 16| 4439 57| 773 6 % e 14 8 348 p3 |22 |s5 [eo [118 o1 |73 |35 |70 | 84 | 25  CPAP-10081258POR 70 3| o o 3| - - EXPIRED
abdomen x 1 day, vomiting x 1 day
1021950 | k| s8 | wm [feversdays k’;f:;ﬂ?:gj:“ess *2.d8Y534,08.2020 bl reticular GGO, Crazy paving pattery 5 | 18/25 HTN, T2DM NIV 20mg 500?3259“1”5)' tocilizumab gven | CPAP '98';’/612‘ SPO2L omG 287000| 55 | 1320 160| 52| 68 88| 4000 0 o &8 T4 242 |82 P64 (164 |91 |73 |28 |8 | 90 | 20 CPAP -00IRIZBP 944 8 0 0 8 - - EXPIRED
1021404 | sp| 81| | fever breathlessness, generalised |, 45000 bl infiltates GGO , patchy 5 12125 T2DM face mask,NIV 40mg | S0OMI BAYSH 4 mapy gven | CPAP-90/10114 5p02 10MG 131000 | 312 | 7122| 475| 1863 eef 5000 215 212 867 [ra  paa |57 [162 [90 |es |73 | 28 |50 | 20 | 88  crap-mpmmagu 625 9| o 0 7 B hemoptysis EXPIRED
weakness x 3 days 40mg (3days) 92%
1020880 | PL| 65| wm | Dreahlessness, 9::;'3"52" weakness 1,4, 0g.2021 bl consolidation GO, i’::sy d?:::‘"ognpa“'" 5 | 1825 IHD NRBM,HFNO,NIV 40mg 40mg tid given CPAP'SS/;ZO 2SPO2| 4omG 195000| 105| 1417| 3913 9205 7 484 1266 3085 300 PBs1 |74 [39.4 |60 |734 [255 (4925 | 73| 35 | s0 | 80| 262  /eEASEO292% 100 2| o 0 1 3 hematuria EXPIRED
1024235 | | 72| | Dbreathlessness (suddenonsey fever| g 59 500 bl infiltates GO Crazy paving pattem.| 5| /55 HTN,T2DM NRBM 60mg 40mg gven | HFNO -60L, fio2-100 50MG 478000 | 49 | 1308 165 2763  72f 6. 1030 1 i3 295 4 oa 61 |93 [194 |es |74 | 35 | 78 | go | FGNO-6OL.fi02100% SPO2| 44 18| o 4 5 7 hematuria EXPIRED
(continuos , high grade x 7 days bl pleural effusion 95%
fever x 10 days , cough with expectoratio GGO, consolidation , bl CPAP -90/12/16,5P02
1023707 | R| G || e h e | 22:09-2020 bil consolidation event eision 5 | 24125 |HYPOTHYROIDISM | NRBMHFNONI 40mg 40mg given fs MG 362000 152 | >s00d 728 1473 83 100 3sp2  sq1 90 00 r46 (38 (S8 |91 |26 |64 |73 |45 |60 | 92 | 25 CPAP-l00R@2®S® | 60 | 16| 0O 0 9| s hematuria EXPIRED
1021332 | FD| 53| M | cough, breathlessness, fever x 3 day 20-08-2020 BIL infiltsate GGO Crazy paving 5 [ - NV 40mg 4omg toclizumab, gven |CPAP 9011014, SPO 50MG 515000 | 52 | »5000 405| 732 1542 2 5 4o 985 74 (31 (49 |85 (209 [s4 [73 | 3 [60 | 9 | 25  CPAP-108R6288% 60 7 0 0 7 - - EXPIRED
patterconsolidation alzumah 92%
fever , cough expectoration, generalised
1023024 | JK| 62 | M | weaknessx 10 days ( home quaranting 09-09-2020 bl infiltrates GGO, crazy paving patter 5 14125 - NRBM NIV awome [1OM |1v "g“s“’" tocilizumab gven | CPAP 'a:éa:/nlz + P02y 50mg 422000 143| >s00p 81| 1874 8 ) 1086 50 28 00 74 |36 |77 |95 |22 |es |73 |35 |8 | 96 | 20  CPAP-40/6289%PO| 222 13| 4 9 9 - - :EEDCS(;/EE;% ‘435“
with home treatment)
womao | bl es| E| S00MG IV cpap -90/12/16 spoz|
fever, breathlessness , cough x 8 days  16-09-2020 bl infilrates GGO,crazy paving 5 | sonzs IHD BA NV aome | 0N | tociizuman | given Pt 40MG,50MG | 178000 180 | 2348 20| 178 s2p 1 1245 241 40 4 |ss |60 o0 |22 [es |73 |41 |15 | 98 | 28 CPARATSHRIO2 ws | 20| o o 20 - - EXPIRED
cough, cold , generalised weakness, CPAP-00110/14, SPOZ NO -60L fi02-40%, SPO2 - RECOVERED , 02
1022425 | s| 63| M hranthiesoness s doys 05-09-2020 bl rinftrates GGO, crazy paving pattem| 5 | 19125 - RBM HENGNIV 60MG 40MG. - given o 50MG 254000 | 119 | 1517 363 517 ssh 5§ 4o 176 33 4 [ [56 |2 |24 Jsa |74 |30 [s0 |5 | 'S oo 00 | 12| 5 5 3| 8 - e o
cough, breathlessness, feverx 7 days y IHD POST CABG S00MG IV HENO -60L fi02-90%, NO - 02 -20L fi02-40%, i
102533 | AL 72| M| e e ey | 14102020 bilinfilrates 660, Crazy pavingpater 5 | 5125 | 2P0 O NV MG || S | tociizumab | given N s0MG 11,000| 463| >5000 2022 1515 163 1742 37 633 0% fme (74 |34 [so |o7 |23 [es | 73| a1 |0 | o3| HENO- G220 00 25 | 1| o 7 6| s EXPIRED
1023428 | 8| 48| ™ breathlessness , cough x 1 day 18.09-2030 bl consolidation | SGOC22Y pavig patlem | 5| 9/55 - NIV 40MG S90ME | tociizuman gven | CPAP SN2 spo2 50mg 60000 | 72 | 1463 182 1548 1 5 s 7 48 432 4 po9 |66 |93 [13 133 |73 |35 |80 | 90 | 15  CPAP-100148%PQ2 80 FER 0 5| 3 nasal bleed EXPIRED
fever vomiting x 5 days breathlessness 9 o 1 i cpap -90/12/12 , spo2 nasgl prongs -almin fi02-32,5p03- i RECOVERED 02
104543 | SM 41| M P 03102020 bilinfirartes GGO , crazy paving patierr] 5 5125 T20M NV G 40MG given pos 50mg 360000 07| 1214 5| 2089 1 71 130 4 11 g7 [ra |30 |78 |e6 |20 |es |74 |25 |90 | o5 |58 Py 2 | 1| s 5 7| s e
breathlessness , anuria , 500MG IV CPAP 100/14/20 , spo:
1020119 | M| 6L | M| e e appetite x 1 0ay| 2092020 BIL infrates GGO , Crazy paving patten) 5 | 23125 HTN, T20M NV MG | oG | tociizumap | given o 40mg 158000 1487 151 118 53 eds 10 >5Q00 26p5 365 Poe |73 (34 614 |80 [183 [6L4 | 73 | 33 | 60 | 90| 20  CPAP.SEPDRIS% 6 | 10| o 0 6| 4| nasalbleed EXPIRED
1022600 | S§ 53| M| coughx3days, breathiessnessx 1dhy  09-092020 bilinfilrates GGO , carzy paving 5 | 2u2s - NV domg | tomIVINfUSIOn | i umab | given o 2z 50MG 230000 | 17.1| >s004 461§ 1169 o o]  >5000 60 $00 [74 23 |77 |es |s2 |77 |74 | 3 |8 |o66| 25 crap-geomesw | 140 | 14| O 0 | - - EXPIRED
feewr , bretahiessness x 5 days , generalise 1GM IV infusion CPAP 90112120, SPOZ
1022088 | SG 60| M [ e e e auge. 10:09:2020 bl inflrates GGO , crazy paving patter) 5 | 17125 T2DM HENO oG v - given 50MG 220000| 128 | 1108 110] 615 618 104 7 1 s 73 355 g4 |73 [194 (46 |73 | 33 |40 | 56 | 20 CPAPIEOSR®2-78% | 40 3l o 0 3| - - EXPIRED
1022006 | GM 78 | M | coughx5 days breathlessness x 1 daj 11-09-2020 bl infiltates GG, crazy paving pattern] 5 | 24125 T2DM HENO, NIV omg | S00MY v infusion B gven | HFNO F'gs" 70%, 02- 50MG 187000 | 84 | ess3| 257| s10| 509 693 6702 8de 25 g6 3 |20 |50 |78 |22 pia |74 |33 |95 | 98 | 23  02masksmimedse 237 2| 3 10 2 9 nasal bleed ;gggg’égig ‘&i
1022066 | B 71| | Dreahlessness ‘33‘;2“ loose stools X451, 59,2020 bl infiltrates GGO , crazy paving pattery 5 | 1525 T2DM NV a6 a0MG tocilizumab gven | CPAP 1‘;07/:]2 2SR somG 200000| 133 | 1182 768 sS04 3 o 1 a7 11§61 3 |33 p3s |96 184 (035 |74 | 25 |8 | 90 | 15  CPARGEWOZ-94% 86 1| o 0 1 - - EXPIRED
1024843 | ST| 60| M| cough feevr, breathlessness x 3dayb  07-102020 bilinfilvates | GGO, crazy paving pattern| 5 | 15/25 |  IHDHTN.T2DM HENO, NIV 60MG 40MG BD - guen | HFNO 0L, fop-100 50MG 353000| 41 | >s004 266 43a| 726 413 5000 4do 473 ge2  ps5 |2 (s4 |78 |22 [sa |74 [30 |80 | o0 | 25  cPaP-4010me38PQ2 200 | 10| 5 5 3| s - D o
1023569 | SH 43| M| breathlessness , cough, fever x 3 da 10-09-2020 il infksat GGO, crazy paving patterq 5 | 10125 . 02 mask, HFNO aomg. (2900 N 100 sociizuman gien | CPAPBO10N4.SPOT somG 256000 126 | 4941] 4v9| 619 485 100 3 5 24 100 4 pos |72 |94 |20 |o0 |74 |317 |s19 | es8| 193  onamaspo2-8a% 81 4l o 0 4 . - EXPIRED
1021620 | s| sa| g | fever.cough ge::;z““d weakness X3 ¢ 58,2020 bl infiltrates GGO, crazy paving pattery 5 | 20125 - 02 mask, REMHFNO, | 5 40MG TID alzumab gven | CPAP -80/8/12, SPO! 40MG 300000| 217 | >5000 679 639 72p 1021 1207 645 207 5 |13 lbss [s2s |o01 [252 |s75 | 74 | 40 | 88 | o6 | "HF prongs. SE,:M‘N B ) 13| 3 3 4 B B ;gggg’égig ‘&i
tocilizumab CPAP- 100118124
1023272 | SO 52| F|  cough fever, breathlessnessx1day  18-09-2020 bl iafés GGO, crazy paving patter} 5 | 15125 HIN RBM NIV 40MG S0MG o e given oo 50MG 150000 2186 >5000 85| 51§ 8 200 69l1 730 15 4669 74 |20 (78 |95 |18 |78 |74 | 25 |80 | 90 | 20  CPAP-100082ZW%P | 80 8| o 0 8| - - EXPIRED
1001183 | s8| 82| M breathlessness , cough x 2-3 days 18-08-2020 BIL infilrates GQGerazy paving pattem| 5 | 20125 HngSTTZ?:rB"gD NV 60MG m;a?_”b‘?s‘?_u | tociizumab given cPAquggz/ 14 SPO; 10MG 256000 | 218 | 1562) 223| 383 1196 198 1680 265 488 21 [73 |37 |72 |e3 |22 |72 |72 |40 |60 | 88 | 14  craP-1000280%P 60 8 0 0 8 . B EXPIRED
1023170 | AT| 47| ™ cough, cold , fever x 3 days 15-09-202 BIL infiltrates GGO, cragving pattem| 5 o125 old PTB. HFNO a0MG 1(6;“;)‘;/';::;5:‘)" tocilizumab given HFN%;,E%;?; 80% 50MG 184000 | 107.4| 1141) 455 284 S 5t 154 280 20 foo [15 |32 |62 |92 |22 775 |73 | 25 | 63 | 908 | 147 HFN@-60KSPO2-94 105 10| o 0 2 7 - EXPIRED
fever with chills x5 days , breathlessness 500MG IN cpap 100/10/14 .spo2- megganicalventlaton - volamo .
1022407 | K| 67| M P 510/202 bl infirates GGO, crazy paving pattern| 5 | 10125 HTN, T2DM HENONIV aomc D | | MO | tociizumab | given e 50mg 200000 82| 1320 468 260f 5 100 2000 & Se0 g0 15 peo |sa (005 (218 [sas | 74 | 0 | 48 | eo | TSRO OLTel g 5| o o 4 hematuria EXPIRED
. IHD , POST CABG 4 500MG IN cpap-L00/10/14spo2- mechanical ventilation - volume
1021007 | 3| 7| m fever , cough, breathlessness 28082030 bil consolidation cea.@hsolidation | 5 | 1825 |0 POST CA NV aomGBD | | SOOI | tociizumab | given prens 40mg 273000 142| 1064 917§ 271b 6 74 | 31| ses| 921) 224 ses| ot oD a0 0 a| - | Etubebleedi EXPIRED
fociizumab cpap 70/16/22 SPO2-9| cpgg -100/12/18 Spo2-85% , 0 recovered , 02
1022099 | SG 48| M| fever, cough, breathlessness x 5days  26:09-2020 BlLinfisate | GGO, crazy pavingpatter{ 5 | 2125 - NV GMGBD | 40MGBD | convalescent| given | P 7O 40mg 280000| 423| 165 3675 2268 3 20 agt o5 309 peo |73 (33 |es |85 |16 Joaz |73 | 25 | 80 | o5 |CPAGTIOOIZAESNOZETO. OB go 50 | 37| 3 20 2| 8 - e
plasma
1022690 | SS 53| M| fever,cough, breathlessnessx3days  08-09-2020 BIL it GGO , crazy paving patten] 5 | 20125 cellultis NIV aomG D 1M 20OMINS iociizuman given €Pap OHIILE spoz- 50mg 239000| 171| >s00p 4616 112p 925 512 >5p00 560 p60 |74 [388 | 84 |966 | 248 |933 | 746| 35 | 491| 864 242 -BO/EHMPSO2-85 6125 14 o o 1 - expired
1022761 | HK| 61 | E | SOrethroat. feverx3 days, 08-09-2020 | infilrates on the right side | GG + Patchy infilvateson| | 45 o 55 . face mask , NIV 40mg bd 40mg bd plasma | gvenon |cpap-90/8/114spo2 9% o, 160000 2856 105 1388 129 12§ 2800 107 Boo [0 |74 317 |80 |994 203 |88 | 74| 317 | 825| 96 211 eos/rpapo293% 165 15| 3 15 12 pupurainight | recoovered, 02
X1day tigth side anemia altemate dayq 96% upperlimb | reduced 1040 %
face 500MG IN hino - fio2 90 % spo2- recovered , 02
1022359 | TU| 38| M fever, breathlessness x 5 days 03002030 bllinfitraions | GGO, crazy paving pattern| 5 | 8 ON 25| - maskRBA L ENONY | AMGBD | o0 - given pe 40mg 320000 16| 1364 5465 33 @ mp 19 4 42 b |74 [22 |16 | o1 |203 [e8a | 74 | 356 | aa1| 97| 24 ogpsspo-osv 41| 3| 10 28 1 9 E e
ecchymosis ,
1023361 | S| 44| M| fever,coughbreathlessness X5 dayb  17-08-2020 bilirdtes 660 5 | 2025 - NRBM, HENONIV | 40MG BD 4o0mG tociizumab | gven [ CPAPSUSIZ 502 g 220000| 189 | eos2| 208| 39| 692 220 4634 66 54 o2 p4 42 L6 |9L4 [218 (684 | 75 | 28 | 704 | 95| 25 hiAo2B0W spo2-0l6| 140 | 13| 4 12 s| 6 ; o recovered
coaguiation profie
102108 | s| 72 coldx2 days, 'E"ed';"“ breathlessness k15 g 5020 bil consolidation GGObll consolidation | 5| 110n2 HTN , T2DM NIV agpa |90 0 dlaoyos'“‘ . guen | CPAPIOORINASPOT  ome 159000 112 | 12200 876 00| 59 19 4900 8 78 73 |31 636 |82 173 36 |73 | 30 |s0 | 60 | 17  cpap-100mi8EP | 50 6| o o 6 - nasal bleed expired
1024720 | sk| sa| g |fever.coush, "'ja;:'ye;s"ess  9iddiness X oc 102000 bl infiltates GGO, crazy paving pattery 5 | 13 0on 2 HTN, T2DM NRSELHFNO NIV 20MG Dossoggiiozme plasma. gven |CPAP-10011012SPOZ- 450 202000 931| 1420 110| 347 795 112 1567  2d2 76 s |8 hea |87 |33 |46 [735 | 30 |ese | 90 | 212 cramzsema-7sw 65 5| o 0 12 B B EXPIRED
1022737 | sP| 55| M cough, breathlessness x 2 days 08092020 bil consolidation @@Oconsolidation | 5 | 20125 HTN NIV somg | LOMIN20OML o i iman gven | CPAP-S08M2SP02]  yomg 189000 124| >s00p 49| 394 3 50 84 105 193 {20 3 |8 |55 |eo |32 |61 cpap-90/12/14 5po2-100% 20 o o 2 6 - EXPIRED




