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Phenotypes and Clinical Implications

* |s COVID-19 ARDS? If yes, is there a specific phenotype (or
phenotypes)?

* Are there special ventilator management strategies needed for
COVID-19?

* What are respiratory adjuncts that can be helpful in COVID-19

* |s the mortality for COVID-19 higher than other mechanically
ventilated patients?
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Phenotypes and Clinical Implications

* |s COVID-19 ARDS? If yes, is there a specific phenotype (or

phenotypes)?
* Are there special ventilator management strategies needed for

COvID-19?
* What are respiratory adjuncts that can be helpful in COVID-19

* Is the mortality for COVID-19 higher than other mechanlcally
ventilated patients? :
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ARDS is a Syndrome — NOT a COVID-19: What's Next
Specific Disease AYC ez

* The “Berlin Definition”:
¢ 1. Acute
* 2. Bilateral
* 3. Hypoxemia
* 4. NOT CHF

* ARDS is heterogeneous:
 Etiologies
* Severity
* Pathology
¢ Trajectory
* Biomarker profiles
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COVID-19: What’s Next

ARDS is Heterogeneous - Etiologies A wumumes

* Primary lung injury
* Aspiration
* Infectious pneumonia
* Contusion
* Inhalation injury

* Secondary lung injury (lung is one of many organs hit by MSOF)
* Sepsis
* Pancreatitis
* TRALI
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ARDS is Heterogeneous - Etiologies 43¢

* Primary lung injury
e Aspiration
* Infectious pneumonia (COVID -19 starts as a viral pneumonia)*
* Contusion
* Inhalation injury
* Secondary lung injury (lung is one of many organs hit by MSOF)

* Sepsis
* Pancreatitis —
* TRALI ‘_;—
*Can evolve into a sepsis/MSOF syndrome — i3 ==
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ARDS is Heterogeneous - Severity

E Probability of discontiing meckanical ventilation by ARDS severity
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ARDS is Heterogeneous - Severity —————

E Probzbility of discontieing mechanical ventilation by ARDS severity
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COVID-19 manifests
Itself across the range
of severity
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COVID-19: What’s Next
ARDS is Heterogeneous - Pathology JrV—
for Respiratory Care
[ Mo pulmanai ry lesion
- Other dia, gnostic
- Pneumonia
: Diffuse alveclar damage
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COVID-19: What’s Next

Pathology AYC ez

ARDS is Heterogeneous

for Respiratory Care

[] Mo pulmonary lesion
- Other diagnostic
- Pneumonia

: Diffuse alveclar damage

Location Apatients Method of tissue DAD pattern present?
sampling
100 Xu et al, 2020 Beijing, China 1 Post-mortem biopsies Y O ——”
Yao et al. 2020 Chongging, China | 3 Post-mortem biopsies | Yes, in 3 of 3 patients
80 Barton et al. 2020 Oklahoma, USA | 1% Autopsy Yes
Konopka, Wilson, and | Michigan, USA | 1 Autopsy Yes
Myers 2020
60 Tian, Xiong, et al. 2020 | Wuhan, China a Post-mortem biopsies Yes, in 4 of 4 patients
Fox et al. 2020 New Orleans, 4 Autopsy Yes, in 4 of 4 patients.
40 Loulsiana, USA
Magro et al. 2020 New YorkCity, | 2 Limited autopsy Yes, in 1 of 2 patients
20 New York, USA
Copin et al. 2020 Lille, France § Post-mortem biopsies No, in 0 of 6 patients
0 T T
Mild ARDS Moderate ARDS Severe ARDS
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ARDS is Heterogeneous - Trajectory

A Healthy B Exudative Phase C Pproliferative Phase D Fibrotic Phase

i

Il

Societyof A _v
Critical Care Medicine Right Care — _—
- Right Now. = — |

EoteFedl: 3T TH Hhs F Y& ¢ ol T, WAIWW%?ITJ#QWW
uﬁaﬁﬁrmamaﬁeraﬂ?@m%mﬂﬁm —qaﬁﬁrwwa SETaTHeR
a:mﬁama:muazwfﬂa uw%ﬁaW"lagmm?ﬁWsaﬁmmaamméa
YA d SITaT ¥, 3R 37, STe Q9T I 90T & o7 ST T /IaT ¥, At go wertaefier
mwﬁmwaﬁm%laﬂtsﬁmaﬁmﬁmaﬁm
Hehaeer eI €, a1 s Sielt &, 39 Yefel OX Sfgl vergs e =Ror urie & #ielg
aard, mmaﬁﬁa:maaaﬁwagamﬁm‘%l

11



ARDS is Heterogeneous - Trajectory JrV—

B Exudative Phase C Pproliferative Phase

D Fibrotic Phase
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': Aveolus . ': nm. 4 n"ﬂ 0 ': u”z ]
< ;s;.. .N.u, ‘ <
O V. . -
iistiof ‘,’5"‘( -‘mm ation ‘ " ’
‘ml roupillam‘

Ca p I ry -Mm wnoi m [ e
uuuuuuuuuu
= d miecies moved 7 the pahopyzoiogy of AXS

Fig. 1 immunopstiogy and Bomaders of ARDS Dagram llsr:

COVID-19 follows this trajectory, our experience is that it lasts

longer (17 days in survivors)
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COVID-19: What’s Next

ARDS is Heterogeneous - Distribution

Important implications for positive pressure ventilation —
majority of patients do NOT have diffuse disease

Diffuse

—22%
Puyba's—set L, et al. Intensive Met
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COVID-19: What’s Next

ARDS is Heterogeneous - Distribution P Vp—

Important implications for positive pressure ventilation —
majority of patients do NOT have diffuse disease

Diffuse
22% _-

i S
Puybasset L, et al. Intensive Care Med 2000; 26:857
-‘.' | ——

We have seen all of these patterns in COVID-19
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ARDS is Heterogeneous - Biomarkers

107 — Phenotype1
— Phenotype 2

\ Phenotype 1 (L)
T - soft “ground glass” CXR
F I L~ - mild Crs
g or \—f.,,,\ - better outcomes
E S
£ — — Phenotype 2 (H)
~— ) L
. denser infiltrates
AN - poor Crs
\ - worse outcomes
STEE ERaCCE ) 1 CAN EVOLVE INTO 2 ==
& g —
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ARDS is Heterogeneous - Biomarkers

Stanchrdised variable value
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These “hypo” and “hyper” inflammatory
Societyof patterns are also seen in COVID-19

COVID-19: What’s Next
A%? American Ascociation

Phenotype 1 (L)
- soft “ground glass” CXR
- mild Crs
- better outcomes

Phenotype 2 (H)
- denser infiltrates
- poor Crs
- worse outcomes

1 CAN EVOLVE INTO 2
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COVID-19: What’s Next

So is COVID-19 ARDS and, if yes, is -
AQC il

there a specific phenotype(s)

* COVID-19 meets ALL of the criteria for ARDS
* Acute onset, bilateral infiltrates, hypoxemia, not CHF

* COVID-19 ARDS exhibits:

* Hypo and Hyper inflammatory phenotypes

* Some in the hypo group have hypoxia worse than Crs would predict (vascular
involvement?) — has led to more aggressive anticoag recommendations with hi d-dimers

* Evolution of hypo into hyper (natural history vs VILI (or both))
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COVID-19: What’s Next
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Phenotypes and Clinical Implications

* |s COVID-19 ARDS? If yes, is there a specific phenotype (or

phenotypes)?
* Are there special ventilator management strategies needed for

COVID-19?
* What are respiratory adjuncts that can be helpful in COVID-19

* |s the mortality for COVID-19 higher than other mechanically
ventilated patients?

"\"l- 1
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COVID MV Management Should Be BOVIG-T8 Whets i
Based on Established ARDS Management

. American Assnnatlo
* Cornerstones of ARDS ventilator management are: A%{C for Respiratory

* Support life:
* PO2 55-80 mm Hg; pH 7.3-7.45 (lower pH to 7.15 acceptable to protect lung IF
hemodynamics allow)
* Protect the lung
* Lung protection is aimed at limiting injury, especially in the healthier lung regions that
are present in ALL forms of ARDS (including COVID-19)
* Limit maximal distention to the physiologic maximum
* Limit tidal distention to the physiologic range
* Balance PEEP/FiO2 to:
* Adequately oxygenate
* Avoid overdistention
* Minimize FiO2
* ARDSnet based lung protective strategies have strong evidence base
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ARDSnet protocols developed over last 20 years COVID-19: What's Next
included ALL phenotypes of ARDS (including
those seen in COVID-19) %

American Assaciation
for Respiratory Care
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COVID-19: What’s Next

COVID MV Management —
“Fine Tuning” the Settings MY
- Drive Pressure (Pplat-PEEP) = VT/C

- Target <15 cm H20
- Use instead of VT/PBW? This uses functional lung rather than ideal lung as the reference

VT = 6ml/kg
Funct lung VT =7ml/kg
Pplat — PEEP = DP

18-8 =10 cm H20

VT = 6ml/kg

Funct lung VT =22ml/kg

Pplat-PEEP=DP
29-10=19 cm H20

- Can also be used as a PEEP target to affect C — empirical trials

- Stress index
- Compliance during tidal breath delivery at a set PEEP
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COVID-19: What’s Next
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* The stress index is the PV relationship during the tidal breath at
a set PEEP and constant flow

* |t is driven by lung compliance changes during that breath

* A practical way to assess this:
* Use a volume cycled breath with desired VT/PEEP
* Use a constant flow to minimize any flow related pressures Vv
(ie resistance should change little over a constant flow
tidal breath)
* Measure the pressure waveform pattern over
the breath

The Stress Index
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PEEP =5
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PEEP =15
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PEEP =25

Right Now

¢ Flow (Limin)

COVID-19: What’s Next
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COVID-19: What’s Next

Duke Vent Protocol Compliance  agc e

* Compliance with:
* Tidal volume <8ml/kg
* 88% (NB one patient on PS accounted for 74% of the violations)
* Pplat <30 cm H20 (in non-obese)
* 94% (NB one obese patient accounted for 66% of the violations)
* PEEP/FiO2 Tables (lo PEEP with good PO2 Crs; hi PEEP with poor PO2, Crs)

* 96%
* Drive pressure <15 cm H20
* 91% —
—
Data generated by-John Davies b= S
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COVID-19: What’s Next

COVID — 19 MV Management A

* Frequent letters, comments, opinions — often in social media stating
COVID-19 NOT ARDS and needs novel (not evidence based)
management strategies (eg large VT, APRV, VDR, IMV etc).

* My take: Calls for “paradigm shifts” in management unfounded

American Assaciation
for Respiratory Care

“Abandonment of evidence based principles in the face of
this pandemic, without any supporting scientific data,
simply because we are scared or overwhelmed, because
we believe after a few months of anecdotal experience
that we have recognized an entirely unique syndrome, or
because we have not had time to conduct randomized
controlled trials specifically in these patients, is clearly
unacceptable”.

Societyof
Critical Care Medicine

Right Now. (Rice and Janz, AJRCCM Apri
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COVID-19: What’s Next
]

c ov I D - 1 9 American Association
for Respiratory Care

Phenotypes and Clinical Implications

* |s COVID-19 ARDS? If yes, is there a specific phenotype (or

phenotypes)?
* Are there special ventilator management strategies needed for

COVID-19?
* What are respiratory adjuncts that can be helpful in COVID-19

* Is the mortality for COVID-19 higher than other mechanically

ventilated patients? : —
‘_‘ — ——
Societyof A - -
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ritical Care Vieaicine MM — o=
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Respiratory Management in COVID-19: What's Next
COVID —19:; AdeﬂCtS i%j American Associaton

* HFNC
* Up to 60L/min and FiO2 =>0.60 may help avoid intubations
* Minimal droplet dispersion — N95 adequate
* Paralytics
* May be helpful to avoid dys-synchrony and/or excessive spontaneous tidal volumes
* Would favor intermittent bolus dosing at first if possible
* Proning
* Effective and under-utilized
* P/F <150 and for duration of 16 hrs/day
* Of questionable benefit (but little harm) for short periods in non-intubated
* Fluids
¢ “Dry lungs are happy lungs” (unless in shock)
* VV ECMO
* Refractory hypoxemia and single organ failure
* Should be in context of multidisciplinary discussion

Societyof

Critical Care Medicine Right Now
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COVID-19: What’s Next
]

American Assaciation

COVID-19 | A e

Phenotypes and Clinical Implications

* |s COVID-19 ARDS? If yes, is there a specific phenotype (

phenotypes)?
* Are there special ventilator management strategies needed for

COVID-19?
* What are respiratory adjuncts that can be helpful in COVID-19

* |s the mortality for COVID-19 higher than other mechanically

ventilated patients?

Societyof AT
itical Medici ight Care
Critical Care Medicine Right Now.
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28



COVID-19: What's Next

Mortality in COVID-19 Mechanically  agc s
Ventilated Patients

* New York City (ama april 29 2020 - n=1148):
* 35 discharged, 282 dead, 831 still on vent (89% mortality)

* Boston (arceM April 22 2020 - n=66):
* 41 discharged, 11 dead, 14 still on vent (22% mortality)

* EMOry (medRx Apr 26 2020 — n= 165)
*» 86 discharged, 47 dead, 32 still in ICU (14 still on vent) (26% mortality)

¢ Duke data (uly 1 2020 - n=47)
* 26 discharged, 10 dead, 11 still in ICU (28% mortality)

Soc;gty of . A
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ﬁ?%wmﬁmﬁsﬂimﬁﬂmrﬂﬁamagaﬁmzﬁ%mﬁméﬁmmﬁ
ST aTer M 31T FT A FRA aT D, ﬁiw%aﬁéwﬁsﬁﬁwqﬁﬁq%
A ew@rar g, 89% aﬁrmﬁ%@raamw 37acllhel T8l AT| ifched STH-o1H el
Wg‘é’ EH AT9H g AGHH il ofdl § feh st shl T&TT <hl 3reed! [T faaT
T A WA B | 317 grferar Rt &, Hcg e arEcd H ARDS o 318
AT Tt A TAT 7 &, SieesT & 22%, TAL I 26%, §geh H A TG & ST H, 28%
ATERIE|

29



COVID-19: What’s Next

American Assaciation
COVID-19
-

Phenotypes and Clinical Implications

* |s COVID-19 ARDS? Yes If yes, is there a specific phenotype (or
phenotypes)? Like ARDS in general, multiple phenotypes

* Are there special ventilator management strategies needed for
COVID-19? No

* What are respiratory adjuncts that can be helpful in COVID-19 Several

* Is the mortality for COVID-19 higher than other mechanically
ventilated patients? No

Societyof

Critical Care Medicine Right Now
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