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Severe COVID-19 is Sepsis

Severe and critical COVID-19
Infection with SARS CoV-2

Organ dysfunction — pulmonary, renal,
cardiovascular

Sepsis

Life threatening organ dysfunction due to a
dysregulated host response to infection

Some COVID-19 is septic shock



An Early KU Admission

68 year old African American man
Church pastor
Exposed to a COVID-19 + parishioner

History from daughter:

No fever or chills, no myalgia (but mother, yes)
Cough, then dyspnea for about 24 hours

PMH: CVA, HTN, hernia repair
Meds: atorvastatin, ASA, amlodipine







312112020
0923

1586

bd 4

153

45142020
02b7

3212020
1328

41122020
0221

73T

30

o

w




38.0
7100.4

40.0
7 104.0

390
71022

Respirations
a




What Can We Learn? Ask?

Is this ARDS?

What should be our approach to treatment?
Is Intubation appropriate now?

Are low tidal volumes appropriate? PEEP?

Why is he hypotensive? And how should be approach
that?

Renal failure??? In COVID?
Is tracheotomy important? Contra-indicated?
What Is cytokine storm, and what Is its importance?

hat 1f there’s a code blue?
S //,



Is this ARDS?




Definition of ARDS

Table 3. The Berlin Definition of Acute Respiratory Distress Syndrome

Acute Respiratory Distress Syndrome

Timing Within 1 week of a known clinical insult or new or worsening respiratory
symptoms

Chest imaging? Bilateral opacities—not fully explained by effusions, lobar/lung collapse, or
nodules

Origin of edema Respiratory failure not fully explained by cardiac failure or fluid overload
Need objective assessment (eg, echocardiography) to exclude hydrostatic
edema if no risk factor present

Oxygenation®
Mild 200 mm Hg < Pao./Fio, = 300 mm Hg with PEEP or CPAP =5 cm H,O°

Moderate 100 mm Hg < Pa0,/Fio, = 200 mm Hg with PEEP =5 cm H,O
Severe Pa0,/Fi0, = 100 mm Hg with PEEP =5 cm H,O

Abbreviations: CPAP, continuous positive airway pressure; FIO,, fraction of inspired oxygen; Pao, partial pressure of
arterial oxygen; PEEP, positive end-expiratory pressure.

4Chest radiograph or computed tomography scan.

Dif altitude is higher than 1000 m, the correction factor should be calculated as follows: [Pa0,/FIO, X (barometric pressure/
760)).

CThis may be delivered noninvasively in the mild acute respiratory distress syndrome group.

JAMA, June 20, 2012—Vol 307, No. 23




Critical Barriers in the Lungs

X

0.2 — 0.6 microns

Epithelium

Na*, Cl (fast)

H,O (fast)

Protein (slow)
Leak (reversible)

Tom Martin, MD



Localization of ACE2 Receptor

J. Pathol 203:631 — 637, 2004.




Healthy
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Exudative phase

Phases of ARDS

Sloughing of

bronchial epithelium
= g

Intraalveolar flooding

Infl

Bacteria, virus, fungi,
trauma, gastric contents, etc

Apoptosis or necrosis of AECl and AECII
leading to release of biomarkers of
epithelial injury
(sRAGE, SP-B, SP-D, CC-16, laminin y2, KL-6)

Protein-rich edema fluid

y
M1-like macrophage

T cell

Platelets

Inactivated surfactant

Neutrophil-mediated
epithelial injury

—» MMPs
- — Damage to basement
N, Histones membrane

Elastase or MPO

Hyaline membrane
formation along the
denuded basement membrane

Tissue factor-dependent coagulation
due to an imbalance between
procoagulants and anticoagulants
(e.g. APC)

Interstitial
flooding

Endothelial injury leading to
the release of biomarkers of
endothelial injury
(VEGF, Ang-2, GAGs, vWF, sICAM-1)
Intravascular coagulation leading to platelet

aggregation and microthrombi formation

Endothelial barrier disruption
via activation of the actin-myosin
contractile apparatus
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A Proliferative phase

Airway progenitor and AECII
proliferation and differentiation
into AECI

Bronchial
epithelium

Phagocytosis of
aecu £ apoptotic neutrophils
M1-like (efferocytosis)
macrophage

Reestablishment of tight
junctions and adherens
junctions, leading to
restoration of epithelial
barrier function

Neutrophil
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M2-like

macrophage Lipoxins

Resolvins
KGF
HGF
GM-CSF
\VEGF

Transient proliferation
of fibroblasts, leading
cleavage to provisional matrix
formation

Chemokine

Endothelial-cell proliferation
and restoration of endothelial
barrier function
Reexpression of alveolar ion channels

and AQPS leading to resorption
of alveolar edema fluid

Drainage of interstitial edema
fluid through the lymphatic system

NEJM.ORG

Fibrotic phase

Extensive damage to basement
membranes leading to failure in
reepithelialization

Persistent intraalveolar
flooding Denuded basement
membrane and lack of

surfactant production

Persistent intraalveolar OJ

coagulation

M2-like
macrophage

...
Widespread and extensive
deposition of extracellular matrix
leading to interstitial and

s intraalveolar fibrosis

Activated
AECII

Extensive and prolonged
proliferation of fibroblasts
and differentiation into
Obliteration of  highly synthetic myofibroblasts
microcapillaries

AUGUST 10, 2017




ARDS, or Not?

Admission:

50 y.0. man

PaO,/FiO, = 107

Driving Pressure: 12 cm H,O
VT: 430 mL (5 mL/kg)
PEEP: 8 cm H,O

PIP: 20 cm H,O




ARDS, or Not?

Admission:

50 y.0. man

PaO,/FiO, = 107

Driving Pressure: 9 cm H,O
VT: 430 mL (5 mL/kg)
PEEP: 8 cm H,O

PIP: 20 cm H,O

4 Days Later:

PaO,/FiO, = 128

Driving Pressure: 35 cm H,O
VT: 447 mL (5.25 mL/kg)
PEEP: 10 cm H,0O

PIP: 45 cm H,O




Surviving Sepsis Guidelines for
COVID-19

In mechanically ventilated adults with COVID-19 and ARDS, we recommend using low tidal volume  Strong
(Vi) ventilation (Vt 4-8 mL/kg of predicted body weight), over higher tidal volumes (V8 mL/kg).

For mechanically ventilated adults with COVID-19 and ARDS, we recommend targeting plateau  Strong
pressures (Pplat) of <30cm H,0.

For mechanically ventilated adults with COVID-19 and moderate to severe ARDS, we suggest Strong
using a higher PEEP strategy, over a lower PEEP strategy.

Remarks: If using a higher PEEP strategy (i.e.,, PEEP > 10cm H,0), clinicians should monitor
patients for barotrauma.

For mechanically ventilated adults with COVID-19 and ARDS, we suggest using a conservative
fluid strategy over a liberal fluid strategy.

For mechanically ventilated adults with COVID-19 and moderate to severe ARDS, we suggest
prone ventilation for 12 to 16 hours, over no prone ventilation.

rit Care Med 2020; XXX:00-00




Early or Late Intubation?

Initial reports of rapid decompensation

Risks of aerosol generation from HFNC and
NIPPV

Intubation Is an aerosol generating procedure
Desire controlled circumstances

KU early efforts — also those of many top centers
around the country

6 L/minute to Intubation



Surviving Sepsis Campaign: Guidelines on
the Management of Critically Ill Adults with
Coronavirus Disease 2019 (COVID-19)

Ventilation:

23 In adults with COVID-19, we suggest starting supplemental oxygen if the peripheral oxygen sat-
uration (Spo,) is <92%, and recommend starting supplemental oxygen if Spo, is <90%

24 In adul
”;‘;,;‘,if,‘? Federal Guidelines (NIAID):

o5 Foradultsl 1) Intubation is an aerosol generating procedure; all should
G be in airborne precautions
26 In 235!*9&”\? 2) To avoid multiple passes, the operator should be very
experienced, if at all possible

27  In adults w
and the
close mlmmwmm.
We were not able to make a recommendation regarding the use of helmet NIPPV compared No recommendation
with mask NIPPV. It is an option, but we are not certain about its safety or efficacy in COVID-19.

In adults with COVID-19 receiving NIPPV or HFNC, we recommend close monitoring for wors- ~ Best practice
ening of respiratory status, and early intubation in a controlled setting if worsening occurs. statement

rit Care Med 2020; XXX:00-00




Is There
“Bland”
Hypoxemia?

@EricLeeMD
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How Should We Manage Fluids?

Fluid Therapy

Recommendation:

8. In adults with COVID-19 and shock, we suggest using dy-

namic parameters skin temperature, capillary refilling time,
and/or serum lactate measurement over static parameters
in order to assess fluid responsiveness (weak recommenda-
tion, low-quality evidence).

rit Care Med 2020; XXX:00-00




“Perftusion”

Supply
DO, = CO x Hgb(Sa0,)1.36
SV x HR x Hgb(Sa0,)1.36

Only SV can be “directly” altered
with 1V fluids




Why give IV Fluids?

The pr
reasor
the res

Incipal, perhaps the only
to administer IV fluids in
Jscitation of sepsis (or any

other sr

ock state) Is to Increase the
stroke volume.




Stroke volume guided resuscitation in severe sepsis and septic shock \!/(M
Improves outcomes

Heath E. Latham **, Charles D. Bengtson °, Lewis Satterwhite , Mindy Stites °, Dipti P. Subramaniam ¢,
G. John Chen¢, Steven Q. Simpson *

Stroke volume protocol:

Initial assessment via passive leg raise or 500
mL crystalloid bolus

If >10% increase give 500 mL bolus

Repeat until bolus fails to result in SV
Increase, then stop — with no maintenance fluid
rate

Journal of Critical Care 42 (2017) 42-46



KU Data — Septic Shock
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Comparison of SV vs UC for patient outcomes in univariate analyses.

Patient outcomes SV UC p-Value

Net-fluid balance -4 h 808 4+ 118 mL 926 4+ 153 mL 0.54
Net-fluid balance - 24 h 1.68 + 0.27 L 3.00 £ 036 L 0.004
Net-fluid balance - 48 h 2.14 4+ 0.39L 416 4+ 050 L 0.002
Net-fluid balance - ICU LOS 1.77 + 0.60 L 2,36+ 1.01L 0.002
In-hospital mortality 21/100 (21) 18/91 (20) 0.86
ICU LOS - all pallenls (days) 6.22 4+ 0.58 8.91 + 0.96 0.015
ICU LOS = (days) 5.98 + 0,68 387 + 1.18 0.03
Mechanically ventilated 29/100 (29) 52/91 (57) 0.0001
Ventilator days 6.28 4 1.40 6.71 4 0.67 0.76
Vasopressor initiated 48/100 (48) 52/91 (57) 0.25
Vasopressor duration (hours) 32.08 + 5.22 64.86 4 8.39 0.001
Acute dialysis initiated® 6/96 (6.25) 16/82 (19.5) 0.01

Journal of Critical Care 42 (2017) 42-46




Reasonable Recommendation

. Many patients appear to be intravascularly
depleted at presentation

. Some fluid is likely important

. Without a PA catheter, without a means for
evaluating SV?

. Beginwith 1 to 1.5 L of LR; ask patient to
drink; re-assess via oxygenation, BP,
capillary refill



The NEW ENGLAND JOURNAL of MEDICINE

Covid-19 in Critically Il Patients
in the Seattle Region — Case Series

Vital signs on ICU admission — no./total no. (%)
Temperature >100.4°F or 38°C
Heart rate >100 beats per min||

Respiratory rate =20 breaths per min|

Lowest Pao,:Fio; ratio during mechanical ventilation — median (IQR):
Day 1
Day 2
Day 3

142 (94-177)
139 (112-171)
134 (108-171)

17/24 (71%) Hypotensive and requiring vasopressor at admission

Bhatraju, PK, et al. NEJM, 2020.




The NEW ENGLAND JOURNAL of MEDICINE

Covid-19 in Critically Il Patients
in the Seattle Region — Case Series

Outcomes
Median length of stay (IQR) — days
In hospital
In ICU
In hospital, survivors
In ICU, survivors
Median duration of mechanical ventilation (IQR) — days
Overall
In patients who were extubated
Extubated — no./total no. (%)
Died in hospital — no. (%)
Discharged from hospital — no. (%)

Bhatraju, PK, et al. NEJM, 2020.




