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Retraction Notice

At the request of the Journal Editor and the Publisher, the fol-
lowing article has been retracted.
Kory P, Meduri GU, Iglesias J, Varon J, & Marik PE.

Clinical and Scientific Rationale for the “MATH+”
Hospital ~ Treatment Protocol for COVID-19. J
Intensive  Care  Med. 2021:36;135-156. 10.1177/
0885066620973585

The article has been retracted after the journal received
notice from Sentara Norfolk General Hospital in Norfolk,
Virginia (“Sentara”) raising concerns about the accuracy of
COVID-19 hospital mortality data reported in the article per-
taining to Sentara. Sentara’s notice included the following
statements:

‘The data from Sentara Norfolk General Hospital were pre-
sented in Table 2, which lists in-hospital or 28-day mortality
rates at the 2 MATH+ centers as compared to 10 published
single-center and multicenter reports. The mortality rate
among 191 patients at Sentara Norfolk General Hospital as of
July 20, 2020 was reported as 6.1%, as compared to mortality
rates reported in the literature ranging from 15.6% to 32%.
The authors state that these data “provide supportive clinical
evidence for the physiologic rationale and efficacy of the
MATH+ treatment protocol.”*

‘The data from Sentara Norfolk General Hospital that [are]
reported in this paper are inaccurate. The paper briefly states
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the methods as: “Available hospital outcome data for
COVID-19 patients treated at these 2 hospitals as of July
20,2020 are provided in Table 2 including comparison to the
published hospital mortality rates from multiple COVID-19
publications across the United States and the world.”

‘We have conducted a careful review of our data for patients
with COVID-19 from March 22, 2020 to July 20, 2020, which
shows that among the 191 patients referenced in Table 2 that
the mortality rate was 10.5%, rather than 6.1%. In addition,
of those 191 patients, only 73 patients (38.2%) received at
least 1 of the 4 MATH+ therapies, and their mortality rate
was 24.7%. Only 25 of 191 patients (13.1%) received all 4
MATH+ therapies, and their mortality rate was 28%.’

‘Apparently [...] census and mortality counts from hospital
reports [were used] to calculate a mortality rate, but in so
doing counted some patients in the denominator but not in
the numerator because they died after July 20, 2020, the
reported end date of the study. This would be an incorrect cal-
culation of a hospital mortality rate, but might explain the incor-
rect number of 6.1% in Table 2. Using this incorrect mortality
rate to compare with the published reports and claim a “75%
absolute risk reduction” is thus an incorrect conclusion regard-
less of which mortality rate is used.’

Given the above concerns that are material to the article’s
findings, the article has been retracted.


10.1177/0885066620973585
10.1177/0885066620973585
https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/jic
http://crossmark.crossref.org/dialog/?doi=10.1177%2F0885066620973585&domain=pdf&date_stamp=2020-12-15

Analytic Review

Journal of Intensive Care Medicine
2021, Vol. 36(2) 135-156

RETRACTED Clinical and Scientific © The Auhor(s) 2020

Rationale for the “MATH+{"’ Hospital
Treatment Protocol for COVID-19

Pierre Kory, MD, MPA'®, G. Umberto Meduri, MD?, Jose Iglesi

Joseph Varon, MD4, and Paul E. Marik, MD*

Abstract

In December 2019, COVID-19, a severe respiratory illness caused by the ne

against the use of corticosteroids in treatment. However, early s
mortality rates, with frequent prolonged durations of mechanical

treatment protocol was created for the hospitalized pat
thiamine, heparin and co-interventions (MATH+-). This
based on published in-vitro, pre-clinical, and clinjca
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Introduction

In December 2019, an illpess characteriz neumonia asso-

countries. The gre
care units

pnal and international health care societies advo-
focus on supportive care with avoidance of
ide of randomized controlled trials, and
endations to avoid the use of corticoster-

(COVID-19) emerged in
s), given that approximately 20% of
the assumption that COVID-19

from centers expert in such supportive
he Front-Line COVID-19 Critical Care

reviews the scientific and clinical rationale behind MATH+
of each medicine, with a special emphasis of studies supporting
VID- 19 specifically. The review concludes with a comparison of

The pervasive belief among world health care societies that
corticosteroids were harmful in COVID-19 respiratory illness
was surprising for several reasons. First, as will be detailed in
this manuscript, contrary to the WHO and CDC’s interpretation
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of prior pandemic data, a review of the same data by a group
including one of the authors (G.U.M) was both published and
publicized by the Society for Critical Care Medicine in early
April 2020 which concluded that the largest and most well-
controlled studies from the SARS, MERS, and HINI1 pan-
demics found that the mortality of patients with moderate to
severe illness was significantly reduced when treated with cor-
ticosteroids.® Second, reports from the “front-line” clinicians in
Italy and New York reported on rapidly observable, positive
impacts when corticosteroids were used in treatment. Further,
an expert panel of U.S radiologists had published a tragically
little-noticed review of the early CT scans from Wuhan, China
in March of 2020, where they concluded that the “most com-
mon pattern of lung injury in COVID-19 is of an organizing
pneumonia” (OP), a condition accurately identifiable by CT
scan and whose first-line therapy is corticosteroids. The pres-
ence of OP likely explains both the seemingly baffling clinical
presentation of early COVID-19 respiratory disease as well as
the efficacy of corticosteroids as evidenced in a recent review
by one of the authors (PK).”®

However, in that period prior to the now-widespread use of
corticosteroids, multiple early studies of COVID-19-associated
ARF reported inexplicably high mortality rates, with frequent
prolonged durations of mechanical ventilation (MV), even
from centers expert in such supportive care strategies.4

an immediate significant global i
emergency.”'’
As a group of clinical resear

100-year collective front-lin

consisted O g 4 “core” therapies of methylprednisolone,
ascorbic acid, gne, heparin and a number of co-interven-
tions and thus was Called “MATH++" (Table 1). The core med-
icines were all highly familiar, low-cost, FDA-approved
medications with known therapeutic mechanisms, well-

established safety profiles and multiple clinical trials showing
benefit in similar disease models such as he addmonal

in subsequent rando
supported with larg
Many centers

emphasized
included

the efficacy of the proposed MATH+ protocol
a collective decision was made to do so
patient registry to measure and compare
ients treated with MATH+, not only
“supportive-care only” strategy, but also
proposed treatment approaches employed
ountry and world.'”""

authors were troubled by editorials published in major
d medical journals which argued that all treat-
ents used in a “novel” disease were “experimental” and thus
se should be restricted to only within randomized controlled
rials (RCT).?? “Experimental” therapies, best defined as those
ith either no clinical evidence to support or near nil clinical
Amiliarity with use in similar disease states, were indeed
adopted and widely used, particularly in the early weeks of the
pandemic when drugs such as hydroxychloroquine, remdesivir,
lopinavir/ritonavir and tocilizumab were employed. However,
these agents stand in marked contrast to the core MATH+
therapies of which there was extensive clinical experience and
expertise amongst the authors along with published clinical
evidence showing positive outcomes when used in the treat-
ment of patients with similar diseases and conditions. In some
instances, several were already incorporated into standard ICU
treatment protocols for conditions such as severe pneumonia,
ARDS, and sepsis in their institutions. Each element of
MATH+ has been extensively studied in critical illness, almost
all sufficiently so that meta-analyses have been published on
their use and indications, thus none could be viewed as an
“experimental therapy,” given they are considered more in-line
with “standard” or “supportive care” for many critical illness
states.

Although the authors place immense value and importance
on the need for well-conducted observational and/or rando-
mized controlled trials, in such a novel disease syndrome, it
must be recognized that not all institutions possess the neces-
sary experience, resources, or infrastructure to design and con-
duct such trials, especially during a pandemic. Further, the
group decided against a randomized, placebo-controlled trial
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Table I. MATH-+ Hospital Treatment Protocol for COVID-19 (www.flccc.net).

Medication Indication/Initiation

Recommended dosing

Titration/Duratig

Methylprednisolone A. Mild hypoxemia: requires
O, via NC to maintain
saturation > 92%

40 mg IV bolus

B. Moderate—severe
hypoxemia (High Flow O,
NIPPV, IMV)

(see Figure 2)

10 ml/hr

Alternate: 40 mg IV twice daily

C. Refractory lliness/

Cytokine Storm every 6-8 hours

Ascorbic Acid O, < 4L on hospital ward

O, >4LorinICU

500-1000 mg oral

Thiamine
Heparin (LMWH)

ICU patients

Hospital ward patients
on < 4L O,

ICU patients or > 4L O,

Vitamin D Hospital ward patients

on < 4L O,

Atorvastatin 80 mg PO daily

Melatonin 6—12mg PO at night
Zinc 5—100mg PO daily
Famotidine 40-80 PO mg twice daily

Therapeutic Plasma
Exchange

then 20 mg IV twice daily

COVID-19 Respiratory Failure protocol

Preferred: 80 mg IV bolus, followed by
80 mg/240 ml normal saline IV infusion

“Pulse” dose with 125mg IV

1.5-3 g intravenousl

5 sessions, every other day

t in oxygenation in
dose to 160 mg/daily.

B3. If no imp
CRP/Ferritin, move to “Pulse Dose”

ily dose above (B). If still no
response or CRP/Ferritin high/rising,

consider “Salvage Therapy” below
6 hours Until discharge

ry 6 hours Sooner of 7 days or discharge from ICU,

then switch to oral dose above
Sooner of 7 days or discharge from ICU

Until discharge then start DOAC at half
dose for 4 weeks

Later of: discharge from ICU or off oxygen,
then decrease to hospital ward dosing
above

Until discharge from ICU

000 IU/day PO or 60,0001U day I, 30,000
days 3 and 7 and then weekly

Until discharge from ICU

5, if <20 ng/ml, 90,000 PO IU/day for 5 days

Until discharge
Until discharge
Until discharge
Until discharge
Completion of 5 exchanges

Legend: CRP = C-Re
units, IV = intravenous,

equire investigators to possess
the belief by the investigator that
ention in the control or experimental group is
pect to each of the individual “core” therapies
hors felt the therapies either superior to any
placebo or possesse€d evidence of minimal risk and cost com-
pared to potential benefit such that use was favored, with these
judgements based on not only the rapidly accumulated

evidence and insight into COVID-19 but also from our collec-
tive knowledge, research, and experience with each of the
component medications in critical illness and other severe
infections.

Conversely, the authors believe it is within the immense
power and resources of large research institutions to conduct
such trials where clinical equipoise exists. A powerful example
of such an accomplishment is the RECOVERY trial conducted
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by researchers at Oxford University.'! Specifically, the design
and execution of the RECOVERY trial depended on investiga-
tors with clinical equipoise around the use of corticosteroids in
the treatment of a severe coronavirus syndrome. The MATH+
authors did not possess such equipoise, as we held a collective
belief as to the critical importance of corticosteroid therapy in
COVID-19, as evidenced above.%%2

Thus, it came as no surprise to the authors that the RECOV-
ERY trial was stopped early due to excess deaths in a control
group consisting of over 4000 patients treated with placebo. A
conservative estimate of avoidable death in the placebo group
if they had instead received corticosteroids is that over 200
lives would have been saved; 109 in patients requiring oxygen
and 84 in those on mechanical ventilation."'

The scientific and clinical rationale supporting the MATH+
treatment protocol will be reviewed in the following sections
through a review of the published in-vitro, pre-clinical, and
clinical data in support of each medicine, with a special empha-
sis on studies involving the treatment of viral syndromes and
COVID-19 specifically. The review will conclude with a report
on the preliminary outcomes data from the 2 hospitals that
adopted the MATH+ protocol in the treatment of COVID-19
patients.

Methylprednisolone and COVID-19

Methylprednisolone was chosen based on the followi
teria: (i) evidence of corticosteroid responsive disease)
results of relevant clinical studies, many from

cological characteristics.
Similar to ARDS, patients with sevg

related to lung neutrophilic infl
ease severity.”*** The dysregul

tional studies. non-viral ARDS, aggregate data from 10
RCTs (n = 1093)"showed that CST was associated with a
sizable increase by day 28 in MV-free days (WMD 6.18 days,
95% CI 3.45 days to 8.90 days), ICU-free days (WMD 8.12

days, 95% CI 3.87 days to 12.37 days) and a reduction in
hospital mortality (RR 0.67, CI 0.52-0_Sc6ms
impact observed with methylpredng
Importantly, the survival benefit g

The evidence of
relies on large-sc

(SARS, HIN1)
included adjust-
T variables (type,
e.’1*? These studies

s safe and decreased the risk for death by
I: 0.24-0.56).>! In the HIN1 study, sub-
patients with PaO,: FiO, <300 mm Hg

significantly reduced both 30-day mortality
R_0.49 [95% CI 0.32-0.77]) and 60-day mortality (aHR
10.33-0.78]) despite having a higher rate of noso-
pmial infections.*?

Methylprednisolone, for its greater penetration in lung tis-
ue, longer residence time, and greater inhibitory activity of
anscription factor nuclear factor-kB (driver of lung inflam-
ation) is the most frequently used intravenous corticosteroid
for the treatment of severe acute inflammatory lung diseases.®”
0 The initial daily dose of 1 mg/Kg of ideal body weight
(approximately 80 mg) was the one shown to be associated
with the highest mortality reduction in RCTs of non-viral
ARDS and large observational studies in SARS-CoV and
HINI pneumonia.®?'3? A recent study that matched the
expression changes induced by SARS-CoV2 in human lung
tissue tissues and AS549 lung cell line against the expression
changes triggered by 5,694 FDA-approved drugs, found
methylprednisolone to be the drug with the greatest potential
to revert the changes induced by COVID-19, while other
closely related corticosteroids, such as dexamethasone or pre-
dnisone, were not.*!

The risk for decreased viral clearance with CST is over-
stated and the most frequently quoted article by Arabi et al.,
in patients that received greater than 7 days CST there was a
strong trend toward lower 90-day mortality [aOR 0.51, 95%
confidence interval (CI) 0.26-1.00; p = 0.05] and no impact on
viral clearance [aOR 0.94, 95% confidence interval (CI) 0.36-
2.47; p = 0.90].** Contrary to the widespread, unfounded fears
of delayed viral clearance which unfortunately influenced the
multiple national and international society recommendations
against use of CST in COVID-19, the reality is that there is
no evidence linking delayed viral clearance to worsened
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Figure 1. Protocol for prolonged corticosteroid treatment recommen
care medicine (SCCM) and the European society of intensive care med

outcomes in critically ill COVID-19 patients, and further, it is
unlikely that it would have a greater negative impact than the
hosts own “cytokine storm.”*¢

Subsequent to the introduction of the MATH+ pr8
even more definitive support for CST was provided by a
randomized trial along with prospective observational stud

rently allocated to usual care. C
nificant reduction in mortality

0.74 to 0.92; P < 0.001).
one-third in the subgro

0.51 to 0.82]; p <
oxygen without i nical ventilation (21.5% vs.

= 0.002), but did not

1.22 [95% CI 0.93 to
¢ noted that dexametha-
with greater suppression of
COVERY RCT utilized a

randomization (177
1.617;

explored the§@88ociation between exposure to prolonged CST
(a pre-designed' 9@ col: methylprednisolone 80 mg for 9 days
followed by tapering based on improvement in predefined
laboratory parameters) and the need for ICU referral, intuba-
tion or death within 28 days (composite primary endpoint) in

T vs. 90 matched control) with severe
monia admitted to Italian respiratory high-
endency units.*® The composite primary endpoint was met
I [adjusted hazard ratio (HR) 0.41; 95% confidence
erval (CI): 0.24-0.72]. Transfer to ICU and need for invasive
V was necessary in 15 vs. 27 (p = 0.07) and 14 vs. 26 (p =
0.10), respectively. By day 28, the MP group had fewer deaths
§ vs. 21, adjusted HR = 0.29; 95% CI: 0.12-0.73) and more
gays off invasive MV (24.0 + 9.0 vs. 17.5 + 12.8; p = 0.001).
Study treatment was associated with rapid improvement in
Pa0O,: FiO, and CRP levels without affecting lymphocyte
count. The complication rate was similar for the 2 groups (p
= 0.84). No difference was observed in viral shedding, deter-
mined as the number of days between hospital referral and the
first negative nasopharyngeal swab.

A Spanish semi-randomized study investigated methylpred-
nisolone (3 days each, 80 mg and 40 mg, respectively) in 85
COVID-19 (56 CST, 29 control) hypoxemic patients; the pri-
mary composite outcome similar to the Italian study.** CST
was associated with reduced risk of the composite endpoint in
the intention-to-treat, age-stratified analysis (combined risk
ratio—RR—0.55 [95% CI 0.33-0.91]; p = 0.024).

The Henry Ford COVID-19 Management Task Force con-
ducted a single pre-test, single post-test quasi-experiment in a
multi-center health system in Michigan.>* They investigated
213 patients with confirmed moderate to severe COVID admit-
ted over a 2 weeks period; the first week 81 patients received
standard of care (SOC), the second week 132 patients also
received SOC and early initiation of CST (methylprednisolone
0.5 to 1 mg/kg/day for 3 days, and longer duration if they
required MV). In the first week, half of the patients in the SOC
group received CST but with a later initiation. The primary
composite outcome was similar to the Italian study, and was
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reached by fewer patients in the CST group (34.9% vs. 54.3%,
p = 0.005).** This treatment effect was observed within each
individual component of the composite endpoint. Significant
reduction in median hospital length of stay was also observed
in the early corticosteroid group (8 vs. 5 days, p < 0.001).
Hospital length of stay was decreased by 3 days (p < 0.001).**

In the aftermath of the RECOVERY trial, a total of 6 addi-
tional RCTs investigating corticosteroid treatment in patients
with severe COVID-19 were published. An updated meta-anal-
ysis requested by the WHO included patients randomized to
receive systemic dexamethasone, hydrocortisone, or methyl-
prednisolone (678 patients) or to receive usual care or placebo
(1025 patients).*> Data on mortality found little inconsistency
between the trial results (12 = 15.6%) and the summary OR was
0.70 (95%CI, 0.48-1.01; P = .053) based on the random-effects
meta-analysis. They reported 222 deaths among patients ran-
domized to corticosteroids (32.7%) and 425 deaths (42.5%)
among patients randomized to usual care or placebo (summary
OR, 0.66 [95%CI, 0.53-0.82]; P < .001). As a result of these
findings, the WHO updated their “Corticosteroids for COVID-
19: Living Guidance” document recommending “systemic cor-
ticosteroids rather than no corticosteroids for the treatment of
patients with severe and critical COVID-19 (strong recommen-
dation, based on moderate certainty evidence).”*¢

Ascorbic Acid (AA) and COVID-19
Approximately 15% of patients with Covid-19 infection

ity and multiorgan failure.'®***J

most potent and important anti-
tropic modes of action targeti

many of the life threatening
immung system during Covid-

ral response with low

tory viruses, there
i i pro-inflammatory cyto-

interfero

-inflammatory cytokines and
ding to progressive organ fail-

immune and adaptive response provides an
e antiviral response and is mediated by the
release of type prferon o/ by macrophages, lymphocytes
and infected immune cells.”">* Several experiments employing
HINT infected knockout mice unable to synthesize AA found
that administration of AA increases interferon production,

restores expression of genes necessary for production of inter-
ferons and decreases proinflammatory ggmemexpression with a

Ascorbic acid is also a ¢
genous catecholamines an

k49375760 A A antioxidative and ROS

ies may counteract cytokine, chemokine
1 mediated excessive production of reac-
hich are known to cause decreased vas-
elial injury.’®%°

s, intravenous ascorbic acid was shown to
ar responsiveness to vasoconstrictors and
se microvascular permeability.””®" The hemodynamic
have been demonstrated in septic shock, trauma,
d burns where administration of ascorbic acid reduced vaso-
ressor and volume resuscitation requirement.*’:49:6%:63

Marik et al, in a propensity adjusted study of patients with
sis, administered intravenous AA, hydrocortisone, and thia-
ine in patients with severe sepsis and found a significant
survival benefit.*” CITRIS-ALI, the largest double blind pla-
cebo controlled trial of high dose AA in ARDS patients found
that both mortality and decreased ICU length of stay were
significantly reduced in the treatment arm.®* The reasons for
the lack of immediate adoption of this therapy in ARDS can
only be explained by the fact that the original primary outcome
analysis failed to account for all the early excess deaths in the
control group, where no severity of illness (SOFA) score was
assigned to the patients who died. A subsequent letter to the
editor by a group of prominent scientists demanded an analysis
accounting for these early deaths. The study authors complied
and found that the primary outcome of SOFA score to be sta-
tistically significantly decreased at 96 hours along with the
mortality in the treated group.®®> Thus, CITRIS-ALI, although
inexplicably portrayed as a negative trial, was instead pro-
foundly positive in terms of both its primary outcome and
important secondary outcomes.

Two large meta-analyses involving critically ill patients
demonstrated intravenous vitamin C administration showed
no adverse reactions, reduced the need for fluids and vasopres-
sor support and reduced the length of time on mechanical
ventilators.>%¢¢

Most importantly, a prospective, randomized, double-blind,
placebo-controlled trial of high-dose intravenous AA in
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COVID-19 respiratory failure was conducted at 3 hospitals in
Hubei, China where the intervention group were treated with
12 g of IV AA every 12 hours for 7 days.'> The trial was
stopped early due to control of the epidemic, thus only 56
patients were included. Although the primary endpoint of inva-
sive mechanical ventilation free days was not significant 26.0
vs 22.0 (p = .57), significant improvements in oxygenation and
reductions in IL-6 were found in the intervention group over
the 7 days and a reduction in 28 day mortality was observed,
although the difference was not statistically significant (22.2%
vs. 37.9% p = .31). In the sub-group of patients with SOFA
scores > 3, the differences in ICU and hospital mortality were
statistically significant while the 28-day mortality approached,
but did not reach statistical significance. (21.7% vs. 52.4%, p =
.00).

In summary, intravenous AA was included based on the
pleiotropic effects on important physiologic functions, its prop-
erties as powerful antioxidant/ROS scavenger, and reversal of
ROS induced oxidant stress impairment of glucocorticoid
receptor function, its impact on outcomes in the treatment of
both COVID respiratory failure and non-COVID ARDS as well
as other hyperinflammatory conditions along with an impec-
cable safety profile and low cost.

Thiamine and COVID-19

Thiamine is a water-soluble vitamin passively absorbed
small intestine. After ingestion, free thiamine is convertd
the active form thiamine pyrophosphate (TPP

majority of TPP in the body is found j
accounts for approximately 80% of the
TPP is a key co-factor for pyruvate ¢
keeper for entry into the Krebs Cycle,

, and neurotrans—
jitis, thiamine

The human
muscle tissue,

sepsis, including peripheral
_and elevated lactate levels.*’

on limited @ po association was detected between thiamine
levels, markers'® idative stress and mortality.”"!

In one study, a significant negative correlation was reported
between thiamine and lactic acid levels in patients with sepsis
without liver dysfunction.®” In a pilot randomized controlled

trial (RCT) of patients with septic shock (n = 88), the admin-
istration of thiamine (200 mg twice a dg

-vivo study, Vatsalya et
mg thiamine/day decreased TH17 cell

s and favorable safety profile,
+ protocol included thiamine supplementation as
tion therapy in critically ill COVID-19

st clinical experiences caring for COVID-19
icnts, physician reports of excess clotting emerged from
ftaly.”’””® Infections are recognized activators of
ammatory and coagulation responses as part of the host
defense, and in COVID-19, although patients present with pro-
inent elevation of D-dimer and fibrin/fibrinogen degradation
oducts as is typically seen in traditional disseminated intra-
ascular coagulation DIC, either little or no abnormalities in
prothrombin time (PT), partial thromboplastin time (PTT), and
platelet counts are seen initially.”” The term COVID-19 Asso-
ciated Coagulopathy (CAC) was created to describe these
abnormalities in tests although typical impaired clotting that
results in increased bleeding is not observed.”” Conversely,
nearly all published clinical reports describe CAC as a
“hypercoagulable” condition.

Thromboelastography (TEG) has best elucidated the hyper-
coagulable nature of CAC given its ability to assess both the
pro-thrombotic and hypocoagulable dynamics of whole blood
as it forms clot under conditions of low shear stress. A group
including one of the authors (PK) recently published a case
series of TEG studies from the first wave of COVID-19 patients
encountered which consistently revealed hypercoagulability
with rapid and large amplitudes of clot formation with little
to no fibrinolytic activity present.***! These early insights,
along with the large amount of subsequent investigations
reviewed below, served as an initial basis for the more aggres-
sive anti-coagulation regimen incorporated within MATH+-.

Given that investigations into CAC found severe hypercoa-
gulability, it is unsurprising that the majority of published data
report a higher than previously reported frequency of clotting
in critically ill COVID-19 patients despite receiving thrombo-
prophylaxis. Helms et al.** from France reported an incidence
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of 16.7% of VTE (mainly pulmonary embolism) in their
COVID-19 respiratory failure patients; an incidence 6-fold
higher than a matched population of non-COVID ARDS
patients treated a year prior. Equally alarming, 96.6% of
patients on continuous renal replacement therapy developed
circuit clotting. In 2 studies from Holland the incidence of VTE
in ICU patients was up to one third by day 7 and greater than
50% after day 14.7%7°

In a lower extremity ultrasound screening study of an ICU
population with 2/3 on systemic anticoagulation (AC) and 1/3
on thromboprophylaxis, VTE was found in 69% of the patients,
with a 100% incidence in those on prophylaxis and 56% in
patients on AC.*® The VTE rates reported in the above ICU
populations of COVID-19 patients are magnitudes higher than
the approximate 8% rate of VTE reported in previous studies of
non-COVID-19 ICU patients receiving thromboprophylaxis.®*

In contrast to COVID-19 ICU patients, the rates of VTE in
COVID-19 hospitalized ward patients have been lower. Mid-
deldorp reported a cumulative 9.2% incidence of VTE, similar
to pre-COVID-19 incidences in non-ICU patients, however
another study found a cumulative incidence of 27% with 4%
arterial thrombosis resulting in a composite incidence of
29%.858¢ However, not all studies of hospital ward patients
found such high incidences, for instance Lodigiani et al®’
reported a 6.6% incidence in this population while Cg
et al found that in a population of 388 COVID-19 pa
of whom underwent screening leg ultrasound, no patient
oped VTE.®®

ICU patients.®

In addition to the markedl
“macrovascular” thrombosis, a
extensive microvascular thro
severe endothelial injury ass

ngs, intravascular fibrin
sized arteries or arterioles

tion there was 2 anoxic brain injury. Further, in a recent
systematic review examining the incidence of stroke in
COVID-19, the proportion of COVID-19 patients with stroke
(1.8%, 95%CT 0.9-3.7%) was 8x higher than that reported

among hospitalized patients with 1nﬂuenza (O 2%).”* More
concerning was the suggestion that thescgg s
certainly a gross underestimate due

noses in those not extubated and w

seeking medical attention i
Given such high and
micro-vascular thromb

MWH), the major-
as associated with a

rapeutic AC compared to 62.7% who did
dose.”® Another study found that among
lated patients, 33% were diagnosed with

at the initial use of high intensity thromboprophylaxis was
associated with improved 30 day mortality (adjusted RR 0.26;
B5% CI,.0.07-0.97; p = .04) without a significant increase of
reding.”® The now largest cohort study of 4,389 patients
ound that both prophylactic and therapeutic anticoagulation
were associated with an absolute decrease of in-hospital mor-
tality and intubation by almost 50% and 30% respectively.”
Among the sub-group of patients (n = 1860) initiated on AC
within 48 hours of admission, therapeutic AC was associated
with lower in-hospital mortality than prophylactic AC,
although the difference was not statistically significant (aHR
0.86; 95% CI 0.73-1.02; p = .08). Interestingly, rates of major
bleeding were similar on therapeutic AC (27/900, 3.0%) as
compared to patients on prophylactic AC (33/1959, 1.7%) and
no AC (29/1530, 1.9%). Jonmarker et al compared the out-
comes of COVID-19 ICU patients treated with standard, inter-
mediate, and full dose anti-coagulation.'® They found that
mortality was lower in high dose (13.5%) vs medium dose
(25.0%) and low dose thromboprophylaxis (38.8%) groups, p
= 0.02.

The first RCT comparing therapeutic AC to standard throm-
boprophylaxis in COVID-19 ICU patients on mechanical ven-
tilation (HESACOVID) was recently published, and although
small, reported statistically significant improvements in oxy-
genation, liberation from mechanical ventilation (hazard ratio:
4.0 [95% CI 1.035-15.053], p = 0.031), and ventilator-free
days (15 days [IQR 6-16] versus 0 days [IQR 0-11], p =
0.028) in patients treated with therapeutic doses of AC.'"!



Kory et al

143

Although it is encouraging that the initial MATH+ proto-
col-recommended treatment dose AC for COVID-19 ICU
patients has now been strongly associated with improved sur-
vival, what is worrisome are the multiple reports of
“coagulation failure” in which severe thrombotic complica-
tions occurred in COVID-19 patients despite therapeutic
AC.B385102 A hossible explanation for this phenomena was
provided by Maier et al, where they used capillary viscometry
in 15 severely ill COVID-19 ICU patients, almost all in ARDS,
and found that all patients had a blood viscosity exceeding 95%
of normal, a condition they termed “COVID-19 associated
hyperviscosity.”'% The 4 patients with the highest viscosity
all suffered thrombotic complications despite the majority of
patients having been on either systemic AC or intermediate
dose prophylaxis. Given that hyperviscosity is thought due to
increased plasma proteins such as fibrinogen or immunoglobu-
lin which then damage endothelium, this suggests that thera-
peutic plasma exchange (TPE) may play a role.'® The growing
body of evidence strongly supporting the role of TPE in
COVID-19 is reviewed below in the section “Salvage
Therapy.”

To the best of our knowledge, no major national or interna-
tional medical society to date has recommended therapeutic
AC be administered as standard practice in any sub-group of
COVID-19 patients. Many have instead recommendeg
dard thromboprophylaxis for all hospitalized patie
COVID-19 while also avoiding a recommendation fo
high-intensity thromboprophylaxis. This therapeutic consd
tism is puzzling, given that, based on the best availab

increased
in hospita-

s aiming for an anti-Xa
orts that heparin resistance

Melatonin (N-acetyl-5-methoxytryptamine) is synthesized
from tryptophan in the pineal gland and in the mitochondria

of almost all cells in the body.'”® Melatonin is released from
the pineal gland into the systemic circulafiemmachieving plasma

ting pro-oxidative
y interacting directly
adical Scavenger_lo&l 11

at highest risk of developing COVID-19
the disease.''®!'!”
induced endothelial dysfunction is initiated
eases in the phosphorylation levels of JAK2 and STAT3,
du creased amounts of reactive oxygen species.''®
ese changes can be reversed by administration of melatonin
by abating the production of superoxide anion, hydrogen per-
oxide and peroxynitrite.''? The clinical utility of melatonin in
BOVID-19 was first demonstrated in a large prospective reg-
gtry created to identify risk factors for the development of a
positive SARS-CoV-2 test.'® Researchers found that the most
potentially impactful intervention to lower risk of testing pos-
itive were if patients were taking melatonin, paroxetine, or
carvedilol, all medications that had been previously identified
in drug-repurposing studies to have specific activity and poten-
tial benefit against SARS-CoV-2.'%!11°

Oral melatonin use by humans is exceedingly safe, with only
minor side effects such as headache and drowsiness. The lethal
dose 50 (LD 50) of melatonin is reported to be infinity; i.e. it is
impossible to administer a large enough dose of melatonin to
kill an animal. It should be noted that there is marked varia-
bility in first-pass hepatic metabolism, resulting in marked
unpredictability in serum levels.''® Furthermore, the optimal
dose of melatonin in “healthy individuals” and those with
inflammatory disorders is unknown. For patients with
COVID-19 we suggest a dose of between 6-12 mg, taken at
night.''? However, a dose of up to 400 mg has been
suggested.''

Zinc and COVID-19

Zinc likely has an important role in the prophylaxis of COVID-
19, in the treatment of the early symptomatic phase, and in
limiting the immune dysregulation and associated cytokine
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storm in the pulmonary phase.'' Zinc is a nutritionally funda-
mental trace element and is the second most abundant trace
metal in the human body after iron. Since zinc does not have
a major storage depot in the body, zinc deficiency is easily and
rapidly produced. It should be recognized that the same dietary
factors leading to deficiency of zinc frequently result in the
deficiency of other micronutrients. Zinc plays an important role
in the host’s anti-viral (and antibacterial) immune response. In
addition, zinc is directly viricidal. Zinc is a component of over
1000 transcription factors, including DNA binding proteins and
is required in over 300 metalloenzymes. Zinc plays a central
role in cellular differentiation and proliferation, and its defi-
ciency causes impaired immune response, increased suscept-
ibility to infections and impaired wound healing.'**'?' Zinc is
necessary for optimal functioning of both innate and adaptive
immunity. Zinc status strongly affects T- and B-lymphocyte
function and antibody formation."?® Impaired immune function
due to inadequate zinc status may be the most common cause of
secondary immunodeficiency in humans. Zinc deficiency is an
important public health problem affecting 2 billion people
worldwide, including a considerable proportion of the Western
population.'?*21123 Zinc levels are reported to be very low in
critically ill patients, particularly those with sepsis and acute
respiratory failure.'*'2® Low zinc levels have been reported to
be associated with recurrent infections and increased jtal
mortality.'?” In addition, zinc deficiency has been
strated to potentiate ventilator induced lung injury.'*®

Previous studies have demonstrated the benefit of zinc
plementation in viral infections, most notably upper respirat
tract infections. Meta-analyses of RCTS
that Zinc lozenges at a dose of > 75mg/d

effect on the duration of colds.
vitamin C, low dose zinc was

reduced the risk of d
mentation of nursi
reduce the incide
lozenges includ

ome elderly patients Was reported to
a.'*! Adverse events of Zinc
increasgd incidence of nausea.
ted that zinc together
ited the activity of the
olymerase blocking viral
should be noted that both

Vitamin D is obtained via the diet or produced in the skin by
UVB light. Aside from its known role in calcium metabolism

and bone health it also has important roles in the immune
system including support of endothelial i nd innate and
adaptive 1mmun1ty.136 The innate i
19 produces both pro-inflammatg

inflammatory Thl cytokines suc
and interferon y and increas

to infections and tha
particularly in C
that deficiency

is link by comparing the mortality of COVID-19 in
titude and found that, even after adjusting
4% increase in mortality for each degree
grees. Further, ethnic minorities in both
the United Kingdom have high rates of
y, potentially explaining why the mortality
opulations are much higher. Recently, strong
ce supporting a prophylactic role of Vitamin D supple-
COVID-19 comes from a large observational
alysis of de-identified tests from a national laboratory which
included over 190,000 patients from all 50 states. They ana-
yzed SARS-CoV-2 test results among patients with a Vitamin
level drawn at some point in the previous 12 months. The
’ARS-CoV-2 positive test rates among 3 Vitamin D range
levels were as follows: 12.5% if “deficient” (<20 ng/ml),
8.1% if “adequate” (30-34ng/ml), and 5.9% if the level was
above 55ng/ml.'*

Given the strong associations of Vitamin D deficiency with
higher rates of viral infections, multiple studies have tested
whether vitamin D supplementation can reduce this risk.
Although studies have conflicted in their findings, a recent
meta-analysis from 2018 found that regular supplementation
with vitamin D decreased the risk of acute respiratory tract
infections, with the most profound effects in patients with
severe vitamin D deficiency.'*¢

The risk of Vitamin D insufficiency and the benefits of pre-
illness supplementation were most recently highlighted in a
Iranian study of 235 patients with Vitamin D levels measured
on admission.'*” They found that of the patients with severe
COVID-19, 67.2% had vitamin D insufficiency. Further, the
mortality rates of patients over 40 with and without sufficient
Vitamin D was 9.7% vs. 20%, suggesting that vitamin D serves
an important role in modulating the immune response.

In the ICU, vitamin D deficiency is common and levels
decrease rapidly after admission.'*®'*° Further, deficiency has
strong negative correlations with outcomes, namely higher
mortality.**'*! Multiple, initial studies of Vitamin D supple-
mentation in critically ill populations were conducted and
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included in a 2017 meta-analysis that found a statistically sig-
nificant effect in reducing mortality.'>*'>* However, more
recently, the results of a large, prospective, multi-national,
double blind, placebo controlled trial (VIOLET) on the effects
of cholecalciferol supplementation in Vitamin D deficient cri-
tically ill patients was published."** The study results, surpris-
ingly, were profoundly negative in that no benefits were found
of giving a large single dose supplement given around the time
of admission into the ICU. Further, no benefits were found in
any individual sub-group, even among those with more severe
illness or with more severe deficiency.

Although the findings of the VIOLET trial strongly suggest
that Vitamin D supplementation alone has no benefit as an
intervention in the critically ill, our inclusion of Vitamin D in
COVID-19 treatment, aside from the evidence suggesting the
possibility of a more potent therapeutic role in both viral syn-
dromes and COVID-19 (likely few patients with viral syn-
dromes were included in the VIOLET study), is largely based
on the therapeutic enhancement of corticosteroid effect when
co-administered with Vitamin D, similar to the synergistic
effects of corticosteroids with Vitamin C.'*° Investigators have
demonstrated that Vitamin D up-regulates glucocorticoid
receptors which leads to increased T-cell apoptosis while it can
also enhance the corticosteroid effect on and suppression of
cytokine production in peripheral blood cell monocytegm®"'*

to the active form of Vitamin D in the serum, patients
treated on the day of admission with an oral dose of 0.532 1

Recently, in a pilot RCT of Vitamin D therapy in@@Sp :
lized COVID-19 patients using calcifediol, the direct pr¢ w

(50%), p < .001, OR 0.02 [0.00
patients died while 2 control
concluded that calcifediol se
disease, but larger trials
definitive answer.
Thus, available dat
plementation is ben
infections but als
of corticosteroi

tically ill, mild hypercalce-
146,159

plementatid orth America is Vitamin D2 (ergocalciferol)
and in Europe itamin D3 (cholecalciferol), although the
dosing is the same.”One report found that “doses up to 10,000
IU/day is safe, although well above what is needed” and that
“only 1,000-2,000 IU may be needed to obtain optimal effects

on bone and immunity.”"® Thus to reduce the risk of infection,
one expert recommended that people adgmsie of COVID-19
consider taking 10,000 IU/day of vitg

40-60 ng/mL (100-150 nmol/L).
In the critically ill, the
ranged from 200,000-600,
single enteral dose.'>*!$
calcifediol in COVID,
mend either the sam
alent doses with
large dose of 4 the prior ICU trials
should then be re-

and non-matched showed largely consis-
ts with sepsis and/or ARDS."®*> Multiple
ed trials were then conducted using various
statins a s, however, in a well-conducted meta-analysis
T’s in sepsis involving 2628 patients, no difference in
2 ween groups was found.'®* Similarly, in ARDS
als, a meta-analysis from 2016 found no difference in impor-
ant outcomes.'®> However, in an editorial that reviewed the
outcomes from the STATInS and HARP-2 trials, they found
at an alteration of just 3 events would have yielded statisti-
ally significant results in favor of statin use based on mortality
outcomes. %1% This low “fragility index” suggests that ben-
efits in subgroups exist but are then “lost” in the heterogenous
populations that are often included in RCT’s of critical illness
syndromes such as ARDS and sepsis. This hypothesis was
seemingly validated by a secondary analysis of the HARP-2
trial in which the authors split patients into 2 phenotypes of
ARDS, a “hyperinflammatory” and “hypoinflammatory”
type.'®® The hyperinflammatory group had higher values of
sTNFr-1 and IL-6, lower platelet counts, more vasopressor use,
fewer ventilator free days and much higher 28-day mortality.
When the hyperinflammatory phenotype received simvastatin
80 mg, a large and statistically significant reduction in mortal-
ity was found. Further, in COVID-19, 2 retrospective studies
have demonstrated a strong association of statin use with sur-
vival. In a large study of 13,981 patients in China, among
which 1,219 received statins, the all-cause mortality was
almost halved in the statin treated patients (HR = .58, (95%
CIL, 0.43-0.80, p = .001)."* In a smaller study in the US, one
group found that among a group of 88 patients, 55% of whom
died, atorvastatin use was associated with a 73% lower risk of
progression to death (aHR 0.38 (95% CI 0.18-0.77, p =
.008).'7° Thus, given the frequent hyperinflammation and ele-
vated levels of IL-6 in COVID-19 respiratory failure, it appears
reasonable to employ statin therapy. Atorvastatin is favored
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due to its more favorable drug-interaction profile and a higher
dose of 80 mg should be used, similar to the HARP-2 trial.

Famotidine and COVID-19

Famotidine, a histamine-2 receptor antagonist (H2RA),
although commonly used to suppress acid production in the
stomach, is also known to have in-vitro properties which not
only inhibit viral replication such as in HIV but also exert
stimulatory effects on almost all immune cells of the innate
and adaptive immune system.'”" It can also prevent H2 R cyto-
kine inhibition and prevent inhibition by histamine on Th-1
cytokine release.'”*!"?

H2RA’s have proven effective in the past against other
viruses. Cimetidine, and less so famotidine exhibited reduced
viral infection with HIV in vitro, increased the clearance of
warts caused by human papilloma virus, and appeared effective
in improving the symptoms associated with chronic Epstein-
Barr virus infection.'”*'7® In fact, ranitidine bismuth citrate
effectively inhibited the nucleoside triphosphate hydrolase and
DNA unwinding activities of the SARS coronavirus helicase
and dramatically reduced its replication levels in infected
cells.”’

Given prior evidence of anti-viral, and in particular anti-
SARS-CoV and immune system effects, Freedberg etgg

in patients
on proton pump inhibitors, no re patient out-

comes was observed. Although

othesis generat-
alidate, in the

is beyond the sCO@@wf this manuscript, several key physiologic
insights should be Tecognized.

Early publications quickly highlighted the puzzling discor-
dance between the degree of hypoxemia and modest work of

Markedly increased iodin®
indicating increased p

jon to the ground glass opacities.

n COVID-19 patients, describing it as
” and such patients as “happy
Similarly, soon after mechanical ventila-
, unexpectedly high degrees of lung compli-
ance in conjunction with severe hypoxemia was deemed a new
iype. Although reasons for lack of dyspnea are mul-
e, the Targest contributors are; 1) early COVID-19 is an
organizing pneumonia” representing a cellular infiltration into
the alveoli and ducts rather than alveolar fluid accumulation/
dema as in classic ARDS making the lung “dry and light”
rsus “heavy and fluid-filled” and thus leads to less energy
ork to inflate and counter-act de-recruitment, 2) the as yet un-
explained, paradoxical hyperperfusion of the foci of organizing
pneumonia suggesting a failure of typical hypoxic pulmonary
vasoconstriction and causing disproportionate hypoxemia
(Figure 2), and 3) the likely early and extensive micro and/or
macrovascular clotting not detected on routine imaging
studies.®'81:182

These differences from “traditional ARDS” were unfortu-
nately both widely minimized and overlooked as evidenced by
frequent recommendations for “early intubation” in what was
an unfounded fear of the mechanically well-tolerated hypoxe-
mia. Such approaches likely contributed to not only the unac-
ceptably high mortality first reported but also the widespread
shortages of ventilators, ICU beds, ventilators, nurses and med-
ications in some of the earliest hard-hit areas. Such approaches
curiously departed from the long held therapeutic principle of
instituting mechanical ventilation, “neither too early, nor too
late,” with decisions to intubate resting upon an assessment of
the patients work of breathing WOB) and their ability to sustain
that work rather than solely on a presumed necessary level of
oxygen saturation. When WOB is felt excessive or unsustain-
able despite non-invasive modes, then and only then should
initiation of invasive mechanical support be pursued. Our rec-
ommended strategy for COVID-19 respiratory failure is
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General schema for respiratory support in patients with COVID-19

ITRY TO AVOID INTUBATION IF POSSIBLE

Low flow nasal cannula
* Typically set at 1-6 liters/minute

High flow nasal cannula

¢ Accept flow rates of 60 to 80 L/min
¢ Trial of inhaled Flolan (epoprostenol)

¢ Accept permissive hypoxemia (0, Saturation > 86%)
* Titrate FiO; based on patient’s saturation

* Attempt proning (cooperative proning)

Invasive mechanical ventilation
¢ Target tidal volumes of ~6 cc/kg.
* Lowest driving pressure and PEEP
* Sedation to avoid self-extubation
¢ Trial of inhaled Flolan

NOILvdOld3l3a

RECOVERY

Prone positioning

¢ Exactindication for prone ventilation is
* Consider in patients with Pa03/FiO> rati

Salvage Therapies
* High dose corticosteroids; 129
* Plasma exchange

, every 6-8 hours

e ventilation detected)

quickly learned that adopting a such
support of oxygenation using non-i and methods
B! beds with

improved outcomes.

Salvage Therapy

It has become incrg@ngly recognized that¥the pathophy-

systemic host
viral replicative p
understog

host response is now
tion of inflammation,

oving cytokines, stabilizing
branes, and reversing the hypercoagulable

. the authors clinical experiences, they have
encountered a S of patients who have failed to respond
physiologically to ‘the combined therapies that make up the
MATH+ protocol, largely thought secondary to advanced
disease at the time of presentation or extensive co-morbidity.

e in COVID-19.

n the first such cases, therapeutic plasma exchange (TPE)
was trialed with temporally associated physiologic improve-
ments observed which then led to both extubation and dis-
charge. In 2 of the authors experiences (PEM, PK), at the time
of this writing, they encountered a total of 16 patients that
demonstrated little physiologic improvement despite being
treated with high-dose MATH+ protocol who were then
empirically treated with TPE. 13 of the 16 were extubated
and discharged while 3 failed to respond and later died.
Increasing publications of case series and case reports from
centers across the world have now described the efficacy of
TPE in over 60 COVID-19 patients that did not respond to
initial therapies, with the majority having been treated with
corticosteroids.'®'°> Nearly all describe similar positive
physiologic and clinical responses temporally associated with
initiation or completion of TPE. Further, 3 retrospective,
observational cohort studies including a total of 74 patients
treated with plasmapheresis have reported dramatic differ-
ences in both extubation and survival.'®*'%1°7 The largest,
a study from Pakistan of 45 COVID-19 patients treated with
plasmapheresis compared to 45 propensity matched controls,
reported that the mortality in the plasmapheresis treated group
was 8.9% vs 38.5% in controls, HR 0.21, 95% CI 0.09-0.53,
log rank .002.""7 Khamis et al in Oman published on 31
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Figure 4. Phases of COVID-19 llIness.

Table 2. Comparison of MATH-+ Center Outcomes With

Author Country
Docherty*® UK
Richardson® USA
Horby © UK
Rosenberg ¢ USA
Arshad ® USA
Myers® USA
Mikami 8

Vizcaychipi"

Zhou'

Wu!

MATH+ hospitals (A)

(B)

y in COVID-19.

ion
te

Hospital or 28 day

en mortality (%) Number of hospitals

4-19-20 26.0 208
4-1-20 21.0 12
6-8-20 229 176

4-24-20 20.3 25
5-2-20 18.1 6

3-31-20 15.6 21

4-17-20 21.7 8

4-22-20 32.0 2

1-31-20 28.3 2

2-13-20 264 |

7-20-20 4.4% 2
6.1%*

Legend: (A) United Memorj
*Data obtained from Ho,

edical Center, Houstor$
Chief Medical Officer.

ese studies are strongly suggestive of a role
¢ management of COVID-19 patients unre-
sponsive to noymstandard therapies such as corticosteroids,
both prospective Md/or randomized studies should be done
to better establish the indications, duration, and efficacy of
TPE.

(B) Sentara Norfolk General Hospital, Norfolk, Virginia.

MATH+- Protocol Hospital Mortality Outcomes and
COVID-19

The MATH+ protocol (Table 1) reviewed above has been
implemented in the treatment of COVID-19 patients at 2 hos-
pitals in the United States; United Memorial Hospital in Hous-
ton, Texas (J.V) and Norfolk General Hospital in Norfolk,
Virginia (P.E.M). MATH+ was systematically provided upon
admission to the hospital at United Memorial while at Norfolk
General, the protocol was administered upon admission to the
ICU. Available hospital outcome data for COVID-19 patients
treated at these 2 hospitals as of July 20, 2020 are provided in
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Table 2, including comparison to the published hospital mor-
tality rates from multiple COVID-19 publications across the
United States and world. The average hospital mortality at
these 2 centers in over 300 patients treated is 5.1%, which
represents more than a 75% absolute risk reduction in mortality
compared to the average published hospital mortality of 22.9%
among COVID-19 patients. Although this is a limited compar-
ison due to a lack of data regarding severity of illness and
treatments provided, the low reported mortality at the 2 centers
within a considerable sample size of patients provide suppor-
tive clinical evidence for the physiologic rationale and efficacy
of the MATH+ treatment protocol. One limitation with this
comparison is that the comparative studies were all published
before the RECOVERY trial identified the mortality improve-
ments with corticosteroid use, and thus, with more widespread
use of corticosteroids the reported mortality from other centers
may decrease over time. However, it should be noted that in the
RECOVERY trial, even in the patients who benefited from
corticosteroids such as those on oxygen or who required
mechanical ventilation, the 28-day mortality rates were still
between 20%-30% respectively, while the patients who were
not on oxygen had mortality rates between 10-20% depending
on whether corticosteroids were used, all higher than the cen-
ters using the MATH+ protocol.

Conclusion

In conclusion, the varied pathophysiologic mechanisms i
fied in COVID-19 likely require multiple therapeutic age
working in concert to counteract the diversg i

on strong physiologic rational
dence base which potentiall

Authors’ Note

Dr. Meduri’s contrib
resources and use
The contents of thi

Memphis VA Medical Center.
not reprgsent the views of the U.S.

and design of Tables 1 and 2.
e image in Figure 2.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD
Pierre Kory, MD, MPA

https://orcid.org/l

References

UK patients in h
clinical chara

avirus/2019-ncov/hcp/therapeutic-options.html

ization. Clinical management of severe acute

when novel coronavirus (2019-nCoV) infec-

interim guidance. WHO. Published May 27,

: sed April 7, 2020. https://www.who.int/publica

s/i/item/clinical-management-of-covid-19

arco C, Pastores S, Meduri GU. Rationale for pro-

longed corticosteroid treatment in the acute respiratory distress

syndrome caused by coronavirus disease 2019. Crit Care Explor.
2020;2(4):e0111. doi:10.1097/CCE.0000000000000111

. Kanne JP, Little BP, Chung JH, Elicker BM, Ketai LH. Essentials

for radiologists on COVID-19: an update—Radiology Scientific

Expert Panel. Radiology. 2020;296(2):E113-E114. doi:10.1148/

radiol.2020200527

. Kory P, Kanne JP. CoV-2 organising pneumonia: “has there been

a widespread failure to identify and treat this prevalent condition

in COVID-19?” BMJ Open Resp Res. 2020;7(1):1-4. doi:10.1136/

bmjresp-2020-000724

9. Richardson S, Hirsch JS, Narasimhan M, et al. Presenting char-
acteristics, comorbidities, and outcomes among 5700 patients
hospitalized with COVID-19 in the New York City area. JAMA.
2020;323(20):2052-2059. doi:10.1001/jama.2020.6775.

10. Zhou F, Yu T, Du R, et al. Clinical course and risk factors for
mortality of adult inpatients with COVID-19 in Wuhan, China: a
retrospective cohort study. Lancet. 2020;394(10229):1054-1062
doi:10.1016/S0140-6736(20)30566-3

11. Horby P, Lim WS, Emberson J, et al. Dexamethasone in hospitalized
patients with Covid-19—preliminary report [published online ahead
of print July 17,2020]. 2020. NEJM. doi:10.1056/NEJMo0a2021436

12. Nadkarni GN, Lala A, Bagiella E, et al. Anticoagulation, mortal-
ity, bleeding and pathology among patients hospitalized with
COVID-19: a single health system study. 2020. JACC. doi:10.
1016/j.jacc.2020.08.041

13. Zhang XIJ, Qin JJ, Cheng X, et al. Clinical and translational report
in-hospital use of statins is associated with a reduced risk of
mortality among individuals with in-hospital use of statins is


https://orcid.org/0000-0002-0816-9682
https://orcid.org/0000-0002-0816-9682
https://orcid.org/0000-0002-0816-9682
https://www.thoracic.org/covid/covid-19-guidance.pdf
https://www.cdc.gov/coronavirus/2019-ncov/hcp/therapeutic-options.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/therapeutic-options.html
https://www.who.int/publications/i/item/clinical-management-of-covid-19
https://www.who.int/publications/i/item/clinical-management-of-covid-19

150

Journal of Intensive Care Medicine 36(2)

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

associated with a reduced risk of mortality among individuals 26. Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS,
with COVID-19. Cell Metab. 2020;32(2):176-187. doi:10.1016/ Manson JJ. COVID-19: consider cytokipgsstesn syndromes and
j-cmet.2020.06et .015 immunosuppression. Lancet. 2020;34 B.1034. doi:
Castillo ME, Entrenas Costa LM, Vaquero Barrios JM, et al. 10.1016/S0140-6736(20)30628-0
Effect of calcifediol treatment and best available therapy versus ~ 27. Tang L, Zhang X, Wang Y, ZengX heumo-
best available therapy on intensive care unit admission and mor- nia: assessing inflammation burd g

tality among patients hospitalized for COVID-19: a pilot rando- CT. Radiol Cardiothorac doi:10
mized clinical study. J Steroid Biochem Mol Biol. 2020;203: 1148/ryct.2020200044

105751. doi:10.1016/j.jsbmb.2020.105751 28. Xu Z, Shi L, Wang Y, . j COVID-19
Zhang J, Rao X, Li Y, et al. High-dose vitamin C infusion for the associated with ac i distress syndrome. Lancet
treatment of critically ill COVID-19 [published online August 10, Respir Med. 20 : . doi: 16/82213-2600

(20)30076-X
29. . ment of severe acute

2020]. Res Square. 2020. doi:10.21203/rs.3.r5-52778/v1
Jehi L, Ji X, Milinovich A, et al. Individualizing risk prediction
for positive COVID-19 testing: results from 11,672 patients.
Chest. 2020;158(4):1364-1375. doi:10.1016/j.chest.2020.05.580
Nicastri E, Bartoli TA, Lepore L, Palmieri F, Marchioni L, Ippo-
lito G. National Institute for the Infectious Diseases “L.
spallanzani”, IRCCS. Recommendations for COVID-19 clinical : i treatment of severe acute respira-
management. Infect Dis Rep. 2020;12(1):8543. doi:10.4081/idr.
2020

Ye Z, Rochwerg B, Wang Y, et al. Treatment of patients with
nonsevere and severe coronavirus disease 2019: an evidence
based guideline. CMAJ. 2020;192(20):536-545. doi:10.1503/
cmaj.200648

Massachusetts General Hospital. Background: hydro
quine and COVID-19. Mass General Hospital. Publish8
25, 2020. Accessed April 26, 2020. https://www.massgd
org/assets/MGH/pdf/news/coronavirus/background-on-hyd

- the Guangzhou experi-
" doi:10.1378/chest.129.6.

g B, et al. Clinical recommendations from an
on MERS: glucocorticoids was benefit in
nts. Int J Clin Exp Med. 2016;9(5):8865-8873.
Gu L, et al. Effect of low-to-moderate-dose
s on mortality of hospitalized adolescents and adults
yith influenza A(HIN1)pdmO09 viral pneumonia. /nfluenza Other
ses. 2017;11(4):345-354. doi:10.1111/irv.12456

. Wu C, Chen X, Cai Y, et al. Risk factors associated with acute
respiratory distress syndrome and death in patients with corona-
virus disease 2019 Pneumonia in Wuhan, China. JAMA Intern
Med. 2020;180(7):934-943.

. Fadel R, Morrison AR, Vahia A, et al. Early short course corti-
costeroids in hospitalized patients with COVID-19 [published
online ahead of print May 19, 2020]. Clin Infect Dis. 2020. doi:
10.1093/cid/ciaa601

. Fernandez Cruz A, Ruiz-Antoran B, Mufoz Gomez A, et al.
Impact of glucocorticoid treatment in SARS-CoV-2 infection
mortality: a retrospective controlled cohort study [published
Health Commission. online June 22, 2020]. Antimicrob Agents Chemother. 2020.
November 11, 2020 doi:10.1128/aac.01168-20

show/cn/3337.htm 36. Meduri GU, Bridges L, Shih MC, Marik PE, Siemieniuk RAC,
Waterer GW, jnk RG. COVID-19: first do no Kocak M. Prolonged glucocorticoid treatment is associated with

32.

chloroquine-and-covid-19.PDF
Yale New-Haven Hospital System. Initial trg algorithm for

y failure,

China National Health Co:
for Covid-19 Pneumoni

harm. 4m J Med. 2020;201(11):1324-1325. improved ARDS outcomes: analysis of individual patients’ data

doi:10.1164 from four randomized trials and trial-level meta-analysis of the

Villar J, C eduri GU. Rationale for updated literature. Intensive Care Med. 2016;42(5):829-840. doi:
the acute respiratory dis- 10.1007/500134-015-4095-4

irus disease 2019. Crit Care  37. Pastores SM, Annane D, Rochwerg B.Guidelines for the diagno-

~1097/CCE.0000000000000111 sis and management of critical illness-related corticosteroid insuf-

ousos GP, Marik PE, Sinclair SE. ficiency (CIRCI) in critically ill patients (Part II): Society of

Critical Care Medicine (SCCM) and European Society of Inten-
sive Care Medicine (ESICM) 2017. Intensive Care Med. 2018;
44(4):474-477 doi:10.1007/s00134-017-4951-55
38. Greos LS, Vichyanond P, Bloedow DC, et al. Methylprednisolone
that the NR3C1-CXCL8-neutrophil axis determines the severity achieves greater concentrations in the lung than prednisolone: a
of COVID-19. Front Immunol. 2020;11(August):1-9. doi:10. pharmacokinetic analysis. Am Rev Respir Dis. 1991;144(3):
3389/fimmu.2020.02145 586-592.doi:10.1164/ajrccm/144.3_pt_1.586


https://www.massgeneral.org/assets/MGH/pdf/news/coronavirus/background-on-hydroxychloroquine-and-covid-19.PDF
https://www.massgeneral.org/assets/MGH/pdf/news/coronavirus/background-on-hydroxychloroquine-and-covid-19.PDF
https://www.massgeneral.org/assets/MGH/pdf/news/coronavirus/background-on-hydroxychloroquine-and-covid-19.PDF
https://medicine.yale.edu/news-article/23611/
http://kjfy.meetingchina.org/msite/news/show/cn/3337.html
http://kjfy.meetingchina.org/msite/news/show/cn/3337.html

Kory et al 151

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Li SMG, Miller DD, Yates CR. Evaluation of AP-1 and NF-kB  52. Qin C, Zhou L, Hu Z, et al. Dysregulation of immune response in
inhibitory potency for oral glucocorticoids. Am Rev of Respir Dis. patients with COVID-19 in Wuhan, Chig i /nfect Dis. 2020;

2003:5(S1):R6173. 71(15):762-768. doi:10.1093/cid/ciag
Meduri GU, Tolley EA, Chrousos GP, Stentz F. Prolonged 53. Acharya D, Liu GQ, Gack MU. Dy,
methylprednisolone treatment suppresses systemic inflammation responses in COVID-19. Nat Re

in patients with unresolving acute respiratory distress syndrome. doi:10.1038/s41577-020-0346-x

Am J Respir Crit Care Med. 2002;165(7):983-991. doi:10.1164/ 54. Kim Y, Kim H, Bae S, et al &l
ajreem.165.7.2106014 anti-viral immune respo

Draghici S, Nguyen TM, Sonna LA, et al. COVID-19: disease path- o/B at the initial sta

ways and gene expression changes predict methylprednisolone Immune Netw. 2013

can improve outcome in severe cases [published online May 19, 5 ism of vitamin C
2020]. Medrxiv. doi:10.1101/2020.05.06.20076687 irus-iggged pneumonia in
Arabi YM, Mandourah Y, Al-Hameed F, et al. Corticosteroid ice. Bi 15;2015:1-12. doi:10.
therapy for critically ill patients with Middle East Respiratory
Syndrome. Am J Respir Crit Care Med. 2018;197(6):757-767 0
doi:10.1164/rccm.201706-11720C esis g
Salton F, Confalonieri P, Santus P, et al. Prolonged low-dose
methylprednisolone in patients with severe COVID-19 pneumo-
nia. Medrxiv. 2020;7(10):0faad21. doi:10.1101/2020.06.17. X. Mechanism of action of vitamin C in sepsis: ascorbate
20134031 signaling in endothelium. BioFactors. 2009;
Corral L, Bahamonde A, Revillas FA, et al. GLUCOCOVID: 002/bi0f'7 . .

A controlled trial of methylprednisolone in adults hospitalized H, Mak.IHO Y, Makino I.Réstoratlon of the
with COVID-19 pneumonia [published online June 18, 2020]. tor function by the phosphodiester compound
2020. Medrxiv. doi:10.1101/2020.06.17.20133579.
World Health Organization Rapid Evidence Apprg
COVID-19 Therapies (REACT) Working Group. As
between administration of systemic corticosteroids and

, Subramanian N. Synth-
nctions of vitamin C in animals. Ann N Y

ethyl-2-(4,8,12-trimethyltridecyl)-2H-1-benzo

gyran-6-yl hydrogen phosphate] potassium salt), via a redox-

d t mechanism. Biochem Pharmacol. 1998;56(1):79-86.

doi:10.1016/S0006-2952(98)00121-X

. Marik PE. Vitamin C for the treatment of sepsis: the scientific

rationale. Pharmacol Ther. 2018;189:63-70 doi:10.1016/j.

pharmthera.2018.04.007

. Carr AC, Shaw GM, Fowler AA, Natarajan R. Ascorbate-
dependent vasopressor synthesis: a rationale for vitamin C admin-

tality among critically ill patients with COVID-19: a
analysis. JAMA. 2020;324(13):1330-1341. dai
2020.17023

World Health Organisation. Corticostg

istration in severe sepsis and septic shock? Crit Care. 2015;19(1):
1-8. doi:10.1186/s13054-015-1131-2

. Tyml K. Vitamin C and microvascular dysfunction in systemic
inflammation. Antioxidants. 2017;6(3):49. doi:10.3390/antiox
6030049

62. Fowler AA, Syed AA, Knowlson S, et al. Phase I safety trial of

intravenous ascorbic acid in patients with severe sepsis. J Transl

Chest. 2017;151(6 9-1238. d0i110.1016/j. st.2016.11.036 Med. 2014;12(1):32. doi:10.1186/1479-5876-12-32

i tani Y, Yukioka T, Matsuda H,  ¢3. Iglesias J, Vassallo AV, Patel VV, Sullivan JB, Cavanaugh J,

Elbaga Y. Outcomes of metabolic resuscitation using ascorbic

Hydrocortisone, vitami
severe sepsis and sep

acid, thiamine, and glucocorticoids in the early treatment of

3):326-331. doi:10.1001/ sepsis: the ORANGES trial. Chesr. 2020;158(1):164-173.
doi:10.1016/j.chest.2020.02.049

ang DT, et al. Ascorbic acid, 4. Fowler AA, Truwit JD, Hite RD, et al. Effect of vitamin C infu-

sepsis: a review of the biologic sion on organ failure and biomarkers of inflammation and vascu-

e of clinical evaluation. Crit Care. lar injury in patients with sepsis and severe acute respiratory

86/s13054-018-2217-4 failure: the CITRIS-ALI randomized clinical trial. JAMA. 2019;

Fativa DF. Vitamin C supplementation in the critically 322(13):1261-1270. doi:10.1001/jama.2019.11825
atic review and meta-analysis. SAGE Open Med. 65. De Grooth HJ, Elbers PWG, Vincent JL. Vitamin C for sepsis and
2018;6. doi: 1gE7/2050312118807615 acute respiratory failure. JAMA. 2020 323(8):792. doi:10.1001/
Blanco-Melo D, Nilsson-Payant BE, Liu WC, et al. Imbalanced jama.2019.21981
host response to SARS-CoV-2 drives development of COVID-19.  66. Hemild H, Chalker E. Vitamin C may reduce the duration of
Cell. 2020;181(5):1036-1045. doi:10.1016/j.cell.2020.04.026 mechanical ventilation in critically ill patients: a meta-regression



https://app.iloveevidence.com/loves/5e6fdb9669c00e4ac072701d?question_domain=5b1dcd8ae611de7ae84e8f14&population=5e7fce7e3d05156b5f5e032a&intervention=5d2b2b62daeedf1d3af33331
https://app.iloveevidence.com/loves/5e6fdb9669c00e4ac072701d?question_domain=5b1dcd8ae611de7ae84e8f14&population=5e7fce7e3d05156b5f5e032a&intervention=5d2b2b62daeedf1d3af33331
https://app.iloveevidence.com/loves/5e6fdb9669c00e4ac072701d?question_domain=5b1dcd8ae611de7ae84e8f14&population=5e7fce7e3d05156b5f5e032a&intervention=5d2b2b62daeedf1d3af33331
https://app.iloveevidence.com/loves/5e6fdb9669c00e4ac072701d?question_domain=5b1dcd8ae611de7ae84e8f14&population=5e7fce7e3d05156b5f5e032a&intervention=5d2b2b62daeedf1d3af33331
https://app.iloveevidence.com/loves/5e6fdb9669c00e4ac072701d?question_domain=5b1dcd8ae611de7ae84e8f14&population=5e7fce7e3d05156b5f5e032a&intervention=5d2b2b62daeedf1d3af33331
https://app.iloveevidence.com/loves/5e6fdb9669c00e4ac072701d?question_domain=5b1dcd8ae611de7ae84e8f14&population=5e7fce7e3d05156b5f5e032a&intervention=5d2b2b62daeedf1d3af33331
https://app.iloveevidence.com/loves/5e6fdb9669c00e4ac072701d?question_domain=5b1dcd8ae611de7ae84e8f14&population=5e7fce7e3d05156b5f5e032a&intervention=5d2b2b62daeedf1d3af33331
https://app.iloveevidence.com/loves/5e6fdb9669c00e4ac072701d?question_domain=5b1dcd8ae611de7ae84e8f14&population=5e7fce7e3d05156b5f5e032a&intervention=5d2b2b62daeedf1d3af33331
https://app.iloveevidence.com/loves/5e6fdb9669c00e4ac072701d?question_domain=5b1dcd8ae611de7ae84e8f14&population=5e7fce7e3d05156b5f5e032a&intervention=5d2b2b62daeedf1d3af33331

152

Journal of Intensive Care Medicine 36(2)

analysis. J Intensive Care. 2020;8:15. doi:10.1186/s40560-020-
0432-y

67. Collie JTB, Greaves RF, Jones OAH, Lam Q, Eastwood GM, 81.
Bellomo R. Vitamin B1 in critically ill patients: needs and chal-
lenges. Clin Chem Lab Med. 2017;55(11):1652-1658. doi:10.
1515/cclm-2017-0054

68. Menezes RR, Godin AM, Rodrigues FF, et al. Thiamine and  82.

riboflavin inhibit production of cytokines and increase the anti-
inflammatory activity of a corticosteroid in a chronic model of
inflammation induced by complete Freund’s adjuvant. Pharmacol
Rep. 2017;69(5):1036-1043 doi:10.1016/j.pharep.2017.04.011
Donnino MW, Carney E, Cocchi MN, et al. Thiamine deficiency
in critically ill patients with sepsis. J Crit Care. 2010;25(4):
576-581. doi:10.1016/j.jcrc.2010.03.003

Costa NA, Gut AL, de Souza Dorna M, et al. Serum thiamine
concentration and oxidative stress as predictors of mortality in
patients with septic shock. J Crit Care. 2014;29(2):249-252.
doi:10.1016/j.jcrc.2013.12.004

Corcoran TB, O’Neill MA, Webb SAR, Ho KM. Prevalence of
vitamin deficiencies on admission: relationship to hospital mor-

69.

70.

71.

tality in critically ill patients. Anaesth Intensive Care. 2009;37(2):
254-260. doi:10.1177/0310057x0903700215

Donnino MW, Andersen LW, Chase M, et al. Randomized,
double-blind, placebo-controlled trial of thiamine as a metabolic

72.

resuscitator in septic shock: a pilot study. Crit Care Me,
44(2):360-367 doi:10.1097/CCM.0000000000001572
Woolum JA, Abner EL, Kelly A, Bastin MLT, Mor
Flannery AH. Effect of thiamine administration on lactate
ance and mortality in patients with septic shock. Crit Care

73.

74. Moslemi R, Khalili H, Mohammadi M,

Thiamine for prevention of postoperative g

Heart J. 2028 9):1858. doi:10.1093/eurheartj/chaa254
Sadd C, Rowe T, Nazeef M, Kory P, Sultan S, Faust H. Throm-
boelastography to detect hypercoagulability and reduced fibrino-

80.

s

lysis in coronavirus disease 2019 acute respiratory distress

83.

84.

89.

90.

91.

92.

93.

94.

syndrome patients. Crit Care Explor. 2020;2(9):¢0192. doi:10.
1097/CCE.0000000000000192
Mortus JR, Manek SE, Brubaker LS,

3(6):22011192. doi:10.1001/jama
Helms J, Tacquard C, Seve

Llitjos JF, Leclerc
thromboembolj

dical-surgical critically ill
.2015;43(2):401-410. doi:10.1097/CCM.

, Johnston A, et al. Thrombotic complications
to intensive care with COVID-19 at a teach-
¢ United Kingdom. Thromb Res. 2020;191:
76-7T7%@8¥0.1016/j.thromres.2020.04.028

digiani C, lapichino G, Carenzo L, et al. Venous and arterial
bolic complications in COVID-19 patients admitted to
an academic hospital in Milan, Italy. Thromb Res. 2020;191:9-14.
doi:10.1016/j.thromres.2020.04.024

. Cattaneo M, Bertinato EM, Birocchi S, et al. Pulmonary embo-

lism or pulmonary thrombosis in COVID-19? Is the recommen-
dation to use high-dose heparin for thromboprophylaxis justified?
Thromb Haemost. 2020;120(8):1230-1232. doi:10.1055/s-0040-
1712097 C

Shi L, Xu J, Duan G, Yang H, Wang Y.The pooled prevalence of
pulmonary embolism in patients with COVID-19 [published
online September 14, 2020]. Intensive Care Med. 2020:1-3.
doi:10.1007/s00134-020-06235-8

Wichmann D, Sperhake JP, Liitgehetmann M, et al. Autopsy
findings and venous thromboembolism in patients with COVID-
19. Ann Intern Med. 2020;173(4). doi:10.7326/m20-2003
Ackermann M, Verleden SE, Kuehnel M, et al. Pulmonary vas-
cular endothelialitis, thrombosis, and angiogenesis in COVID-19.
N Engl J Med. 2020;383(2):120-128. doi:10.1056/NEJMoa
2015432

Rapkiewicz AV, Mai X, Carsons SE, et al. Thrombosis at autopsy
in COVID-19: a case series. E Clin Med. 2020;24:100434.
Bryce C, Grimes Z, Pujadas E, et al. Pathophysiology of SARS-
CoV-2: targeting of endothelial cells renders a complex disease
with thrombotic microangiopathy and aberrant immune response.
The Mount Sinai COVID-19 autopsy experience [published online
May 22, 2020]. Medrxiv. 2020. doi:10.1101/2020.05.18.20099960
Fridman S, Bullrich MB, Jimenez-Ruiz A, et al. Stroke risk, phe-
notypes, and death in COVID-19: systematic review and newly
reported cases [published online September 15, 2020]. Neurology.
2020. doi:10.1212/WNL.0000000000010851



Kory et al

153

95. Tang N, Bai H, Chen X, Gong J, Li D, Sun Z.Anticoagulant
treatment is associated with decreased mortality in severe cor-
onavirus disease 2019 patients with coagulopathy. J Thromb
Haemost. 2020;18(5):1094-1099. doi:10.1111/jth.14817
Paranjpe I, Fuster V, Lala A, et al. Association of treatment dose
anticoagulation with in-hospital survival among hospitalized
patients with COVID-19. J Am Coll Cardiol. 2020;76(1):
122-124. doi:10.1016/j.jacc.2020.05.001

Taccone FS, Gevenois PA, Peluso L, et al. Higher intensity

96.

97.
thromboprophylaxis regimens and pulmonary embolism in cri-
tically ill coronavirus disease 2019 patients. Crit Care Med.
2020;48(11):¢1087-¢1090. do0i:10.1097/ccm.0000000000
004548

Clagett GP. Thrombosis research. J Vasc Surg. 1989;9(2):
371-373. doi:10.1016/0741-5214(89)90060-8

Mandal AK, Dam P, Franco OL, et al. Since January 2020
Elsevier has created a COVID-19 resource centre with free

98.
99.

information in English and mandarin on the novel coronavirus
COVID-19. Ann Oncol. 2020:19-21. doi:10.1007/s00134-020-
05991-x.Bizzarro

Jonmarker S, Hollenberg J, Dahlberg M, et al. Dosing of throm-
boprophylaxis and mortality in critically ill Covid-19 patients
authors [published online September 23, 2020]. Medrxiv. 2020. 1
doi:10.1101/2020.09.17.20195867
Lemos ACB, do Espirito Santo DA, Salvetti MC, et g
peutic versus prophylactic anticoagulation for
COVID-19: a randomized phase II clinical trial (HESACO
Thromb Res. 2020;196(September):359-366. doi:10.10
thromres.2020.09.026

Klok FA, Kruip MJHA, van der Meer NJ

100.

101.

102.

2020.04.041

103. Maier CL, Truong AD, Au

395(10239):1758-17594

104. Khamis F, Al-Zakw.

105.

106.
sive care unit. J Thromb Throm-
@, doi:10.1007/s11239-020-02145-0
Martinez-Vega S, Mor-Marco E,
iz A, Raguer-Pardo L, Cubells-Larrosa C.Low mole-

10
heparins in COVID-19 patients: beware of aug-
1186/s13054-020-03058-3

Biancatelli RMLC, Berrill M, Mohammed YH, Marik PE.
Melatonin for the treatment of sepsis: The scientific rationale.

108.

109.

110.

111.

112.

119.

120.

121.

122.

J Thorac Dis. 2020;2(Suppl 1):S54-S65. doi:10.21037/jtd.2019.
12.85
Liu J, Clough SJ, Hutchinson AJ, Ag

124742
Carrillo-Vico A, Reite

reversing aerobic glycolysis in immune cells:
ysis. Med Drug Discov. 2020;6:100044. doi:
020.100044

, Hou Y, Shen J, Huang Y, Martin W, Cheng F.

Network-based drug repurposing for novel coronavirus 2019-

nCoV/SARS-CoV-2. Cell Discov. 2020;6(1):1-8. doi:10.1038/
s41421-020-0153-3

. Wurtman RJ. Age-related decreases in melatonin secretion—

clinical consequences. J Clin Endocrinol Metab. 2000;85(6):
2135-2136. doi:10.1210/jcem.85.6.6660

. Zhang R, Wang X, Ni L, et al. COVID-19: melatonin as a poten-

tial adjuvant treatment. Life Sci. 2020;250:115783. doi:10.1016/
j.1£5.2020.117583

. Aldhous M, Franey C, Wright J, Arendt J. Plasma concentrations

of melatonin in man following oral absorption of different pre-
parations. Br J Clin Pharmacol. 1985;19(4):517-521 doi:10.
1111/5.1365-2125.1985.tb02679.x

Skalny AV, Rink L, Ajsuvakova OP, et al. Zinc and respiratory
tract infections: perspectives for COVID’19 (Review). Int J Mol
Med. 2020;46(1):17-26. doi:10.3892/ijmm.2020.4575

Gammoh NZ, Rink L. Zinc in infection and inflammation. Nutri-
ents. 2017;9(6):624. doi:10.3390/nu9060624

Heyland DK, Jones N, Cvijanovich NZ, Wong H. Review: Zinc
supplementation in critically ill patients: a key pharmaconutri-
ent? J Parenter Enter Nutr. 2008;32(5):509-519. doi:10.1177/
0148607108322402

Lim SS, Vos T, Flaxman AD, et al. A comparative risk assess-
ment of burden of disease and injury attributable to 67 risk
factors and risk factor clusters in 21 regions, 1990-2010: a sys-
tematic analysis for the global burden of disease study 2010.
Lancet. 2012;380(9859):2224-2260. doi:10.1016/S0140-
6736(12)61766-8



154

Journal of Intensive Care Medicine 36(2)

123. Bhutta ZA, Ahmed T, Black RE, et al. What works? Interven-
tions for maternal and child undernutrition and survival. Lancet.
2008;371(9610):517-540. doi:10.1016/S0140-6736(07)61693-6
Maggini S, Wenzlaff S, Hornig D. Essential role of vitamin C
and zinc in child immunity and health. J Int Med Res. 2010;
38(2):386-414. doi:10.1177/147323001003800203

Linko R, Karlsson S, Pettila V, et al. Serum zinc in critically ill
adult patients with acute respiratory failure. Acta Anaesthesiol
Scand. 2011;55(5):615-621. doi:10.1111/j.1399-6576.2011.
02425.x

Mertens K, Lowes DA, Webster NR, et al. Low zinc and sele-
nium concentrations in sepsis are associated with oxidative dam-
age and inflammation. Br J Anaesth. 2015;114(6):990-999. doi:
10.1093/bja/aev073

Hoeger J, Simon TP, Beeker T, Marx G, Haase H, Schuerholz T.
Persistent low serum zinc is associated with recurrent sepsis in
critically ill patients—a pilot study. PLoS One. 2017;12(5):
¢0176069. https://journals.plos.org/plosone/article?id=10.1371/
journal.pone.0176069

Boudreault F, Pinilla-Vera M, Englert JA, et al. Zinc deficiency
primes the lung for ventilator-induced injury. JCI insight. 2017,
2(11):e865707. doi:10.1172/jci.insight.86507

Singh M, Das RR. Zinc for the common cold. Evidence-Based
Child Heal. 2012;7(4):1235-1308 doi:10.1002/ebch.1859
Hemiléd H. Zinc lozenges and the common cold: a meta_aaa

124.

125.

126.

127.

128.

129.

130.

comparing zinc acetate and zinc gluconate, and the ro
dosage. JRSM Open. 2017;8(5):1-7. doi:10
2054270417694291

131.

1167-1173. doi:10.1093/ajcn/86.4.1167

132. Te Velthuis AJW, van den Worml SHi

1001176

133. Xue J, Moyer A, Peng B,

ical barrier e and adaptive immunity) involved during an
episode of common colds—practical advice on dosages. Evid
based Complement Alternat Med. 2018;583095. doi:10.1155/

2018/5813095

137.

138.

139.

140.

146.

147.

148.

149.

150.

151.

Huang C, Wang Y, Li X, et al. Clinical features of patients
infected with 2019 novel coronavirus ig han. China. Lancet.

30183-5
Sharifi A, Vahedi H, Nedjat S,
Effect of single-dose injection ®
kines in ulcerative colit
controlled trial. APMI
apm.12982

Rossi GA, Fanous
respiratory bact
55(4):1061-1

al. Evidence that vita-
risk of influenza and

nasinghe T, Grant WB, Peiris AN. Vitamin D’s
educe the risk of hospital-acquired infections. Der-
matoendocrinol. 2012;4(2):167-175 doi:10.4161/derm.20789
JM, Subramanian S, Laird E, Kenny RA. Letter: Low
population mortality from COVID-19 in countries south of lati-
tude 35° North supports vitamin D as a factor determining sever-
ity. Authors’ reply. Aliment Pharmacol Ther. 2020;52(2):
412-413. doi:10.1111/apt.15823

. Kaufman HW, Niles JK, Kroll MH, Bi C, Holick MF. SARS-

CoV-2 positivity rates associated with circulating
25-hydroxyvitamin D levels. PLoS One. 2020;15(9):0239252.
doi:10.1371/journal.pone.0239252

Martineau AR, Jolliffe DA, Hooper RL, et al. A vitamin D
supplementation to prevent acute respiratory tract infections.
BMJ. 2017;356:16583. doi:10.1136/bmj.i6583

Kafan S, Tabriz HM, Hadadi A, Montazeri M, Nasiri M. Vitamin
D sufficiency, a serum 25- hydroxyvitamin D at least 30 ng/mL
reduced risk for adverse clinical outcomes in patients with
COVID-19 infection. 2020;15(9):1-13. doi:10.1371/journal.
pone.0239799

Venkatesh B, Nair P. Hypovitaminosis D and morbidity in crit-
ical illness: is there proof beyond reasonable doubt? Crit Care.
2014;18(3):7-9. doi:10.1186/cc13863

Lee P, Eisman JA, Center JR. Vitamin D deficiency in critically
ill patients. N Engl J Med. 2009;350:1912-1914. doi:10.1056/
NEJMc0809996

Zhang YP, Wan YD, Sun TW, Kan QC, Wang LX. Association
between vitamin D deficiency and mortality in critically ill adult
patients: a meta-analysis of cohort studies. Crit Care. 2014;
18(6):1-8. doi:10.1186/s13054-014-0684-9

Amrein K, Zajic P, Schnedl C, et al. Vitamin D status and its
association with season, hospital and sepsis mortality in critical
illness. Crit Care. 2014;18(2):R47. doi:10.1186/cc13790


https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0176069
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0176069
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0176069

Kory et al

155

152. Putzu A, Belletti A, Cassina T, et al. Vitamin D and outcomes in
adult critically ill patients. A systematic review and meta-
analysis of randomized trials. J Crit Care. 2017;38:109-114.
doi:10.1016/j.jcrc.2016.10.029

153. Amrein K, Martucci G, McNally JD. When not to use meta-
analysis: analysing the meta-analyses on vitamin D in critical
care. Clin Nutr.2017;36(6):1729-1730. do0i:10.1016/j.clnu.2017.
08.009

154. Ginde AA, Brower RG, Caterino JM, et al. Early high-dose
vitamin D3 for critically ill, vitamin D—deficient patients. N Engl
J Med. 2019;381(26):2529-2540. doi:10.1056/NEJMoal911124

155. Barabutis N, Khangoora V, Marik PE, Catravas JD. Hydrocorti-
sone and ascorbic acid synergistically prevent and repair
lipopolysaccharide-induced pulmonary endothelial barrier dys-
function. Chest. 2017;152(5):954-962. doi:10.1016/j.chest.2017.
07.014

156. Kuhbandner K, Hammer A, Haase S, et al. Mucosal addressin
cell adhesion molecule 1 mediated intestinal lymphocyte hom-
ing is critical for the development of experimental autoimmune
encephalomyelitis. Mult Scler J. 2018;24:(s2):8-120.

157. Zhang Y, Leung DYM, Goleva E.Vitamin D enhances glucocor-
ticoid action in human monocytes: involvement of granulocyte-
macrophage colony-stimulating factor and mediator complex
subunit 14. J Biol Chem. 2013;288(20):14544-14553. doi:10.
1074/jbc.M112.427054

158. Zhang Y, Leung DYM, Goleva E. Anti-inflamma
corticosteroid-enhancing actions of vitamin D in mono
patients with steroid-resistant and those with steroid-sens
asthma. J Allergy Clin Immunol. 2014;133(6):1744-1752.%
doi:10.1016/j.jaci.2013.12.004

159. Christopher KB. Vitamin D supplementad

160.

161.

162.

163.

164

280-289. dd 016/j.cmi.2018.11.003

165. Gao XQ, Li YF, Jiang ZL. Impact of statins on ALI/ARDS:
a meta-analysis. Pulm Pharmacol Ther. 2016;39:85-91. doi:10.
1016/j.pupt.2016.06.010

166. Kruger P, Bailey M, Bellomo R, et al. A multicenter randomized

trial of atorvastatin therapy in intensive cassmatients with severe

10.1164/rccm.201209-17180C
Kruger PS, Terblanche M. Stg

167.
168.

169.

170.

. Jafarzadeh A,
Immunomodul

mati M, Khorramdelazad H, Hassan ZM.
y properties of cimetidine: its therapeutic
tment of immune-related diseases. Int Immu-

®d to suppress innate immune responses to bacterial
ligands in patients with inflammatory bowel disease. Inflamm
Bowel Dis. 2016;22(6):1442-1449 doi:10.1097/MIB.00000
00000000825

. Morichika T, Takahashi HK, Iwagaki H, et al. Histamine inhibits
lipopolysaccharide-induced tumor necrosis factor-o. production
in an intercellular adhesion molecule-1- and B7.1-dependent
manner. J Pharmacol Exp Ther. 2003;304(2):624-633. doi:10.
1124/jpet.102.042515

. Bourinbaiar AS, Fruhstorfer EC. The effect of histamine type 2
receptor antagonists on human immunodeficiency virus (HIV)
replication: identification of a new class of antiviral agents. Life
Sci. 1996;59(23):PL365-P370. doi:10.1016/50024-3205(96)
00553-x

. Goldstein JA. Cimetidine, ranitidine, and Epstein-Barr virus
infection. Ann Intern Med. 1986;105(1):139. doi:10.7326/
0003-4819-105-1-139_2

. Gooptu C, Higgins CR, James MP. Treatment of viral warts with
cimetidine: an open-label study. Clin Exp Dermatol. 2000;25(3):
183-185. doi:10.1046/j.1365-2230.2000.00608.x

. Yang N, Tanner JA, Zheng BJ, et al. Bismuth complexes inhibit
the SARS coronavirus. Angew Chemie—Int Ed. 2007;46(34):
6464-6468. doi:10.1002/anie.200701021

. Freedberg DE, Conigliaro J, Wang TC, et al. Famotidine use
is associated with improved clinical outcomes in hospita-
lized COVID-19 patients: a propensity score matched retro-
spective cohort study [published online ahead of print May
22, 2020]. Gastroenterology. 2020. doi:10.1053/j.gastro.
2020.05.053



156

Journal of Intensive Care Medicine 36(2)

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

Tobin MJ, Laghi F, Jubran A. Why COVID-19 silent hypoxemia
is baffling to physicians. Am J Respir Crit Care Med. 2020;
202(3):356-360. doi:10.1164/rccm.202006-2157cp
Couzin-Frankel J. The mystery of the pandemic’s happy
hypoxia. Science. 2020;368(6490):455-456. doi:10.1126/sci-
ence.368.6490.455

Cobes N, Guernou M, Lussato D, et al. Ventilation /perfusion
SPECT/CT findings in different lung lesions associated with
COVID-19: a case series. Eur J Nuclear Med Mol Imag. 2020,
47(10):2453-2460. doi:/10.1007/s00259-020-04920-w

Patel B V, Arachchillage DJ, Ridge CA, et al. Pulmonary angio-
pathy in severe Covid-19: physiologic, imaging, and hematolo-
gic observations. 2020;202(5):690-699. doi:10.1164/rccm.
202004-14120C

Marik PE, Varon J, Kory P. Treatment of COVID-19 is critically
phase specific. Crit Care Shock. 2020;23(5):10-12.

Keith P, Day M, Perkins L, Moyer L, Hewitt K, Wells A. A novel
treatment approach to the novel coronavirus: an argument for the
use of therapeutic plasma exchange for fulminant COVID-19. Crit
Care. 2020;24(1):1-3. doi:10.1186/513054-020-2836-4
Fernandez J, Gratacos-Gines J, Olivas P, et al. Plasma exchange:
an effective rescue therapy in critically ill patients with corona-
virus disease 2019 infection. Crit Care Med. 2020;(9):1-6.
doi:10.1097/CCM.0000000000004613

Adeli SH, Asghari A, Tabarraii R, et al. Therapeuticggla
exchange as a rescue therapy in patients with corona Vi
ease 2019: a case series. Polish Arch Intern Med. 2020,
455-458. doi:10.20452/pamw.15340

Vardanjani E, Ronco C, Rafiei H, Golitaleb M, Pishvaei
Mohammadi M.Early hemoperfusion for cyg
contribute to prevention of intubation i
COVID-19 [published online June 26,
1-4. doi:10.1159/000509107
Altmayer V, Saheb S, Rohaut
exchange in a critically ill C
2020;(June):4-7. doi:10.100
Akkoyunlu Y, Cetin G,

Karaaslan K. The su ement of an elderly

Covid-19 infected patient by plasmapheresis [published online
August 25, 2020]. Transfus Apher Scia@@20 doi:10.1016/].
transci.2020.102924
Faqihi F, Alharthy A, Alodat M, X
Karakitsos D. Therapeutic plasg
patients with life-threatening SA
[published online July 31

190.

191.

192.

193.

patient with COVID-19. Int J Antimicrob
2):105974. doi:10.1016/j.ijantimicag.2020.

Agents. 2020;
05974

oway S, Roshal D, Soloway AM, Colombo J.
ARS-CoV-2 cardiorespiratory arrest in a myopa-
hy patient undergoing immunosuppressive treatment: a case
'Medicine (Baltimore). 2020;99(30):¢21377. doi:10.
1097/MD.0000000000021377

. Gucyetmez B, Atalan HK, Sertdemir I, Sertdemir I, Cakir U,
Telci L. Therapeutic plasma exchange in patients with
COVID-19 pneumonia in intensive care unit: a retrospective
study. Crit Care. 2020;24(1):4-7. doi:10.1186/s13054-020-
03215-8

Kamran SM, Mirza ZH, Naseem A, et al. PLEXIT—therapeutic
plasma exchange (TPE) for Covid-19 cytokine release storm

197.

(CRS), a retrospective propensity matched control study [pub-
lished online July 29, 2020]. medRxiv. 2020. doi:10.1101/2020.
07.23.20160796



	RETRACTED Clinical and Scientific Rationale for the 
	Introduction
	Methylprednisolone and COVID-19
	Ascorbic Acid (AA) and COVID-19
	Thiamine and COVID-19
	Anticoagulation and COVID-19
	Melatonin and COVID-19
	Zinc and COVID-19
	Vitamin D and COVID-19
	Statin Therapy and Covid-19
	Famotidine and COVID-19
	Management of Respiratory Failure
	Salvage Therapy
	MATH+ Protocol Hospital Mortality Outcomes and COVID-19

	Conclusion
	Authors’ Note
	Acknowledgments
	Declaration of Conflicting Interests
	Funding
	ORCID iD
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice




