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PATHOPHYSIOLOGY OF HYPOXAEMIA IN COVID-19 PNEUMONIA

dEarly COVID-19 pneumonia is a process predominantly affecting the
peripheries of both lungs [a]
U The disease progresses with development of patchy bilateral

groundglass opacification and, finally, dense consolidation in keeping
with ARDS [b]
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Biopsies from living patients earlier in the disease

» A marked absence of DAD features,

»hyperplasia of type 2 pneumocytes and

» An increased number and size of both interstitial capillaries and
postcapillary venules

» A lymphocytic alveolar infiltrate in the early stages followed

by a progression to intra-alveolar fibrin deposition and sever

microvascular injury associated with pulmonary capillary

microthrombi




This endothelial injury is similar to the endotheliitis associated with T-cell-mediated
rejection of solid organ transplants and is associated with alveolar capillary and postcapillary

venule thrombosis to an extent up to 9 times greater than is seen in other viral pneumonias, such as
H1N1 pneumonia
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The interalveolar septa of a 78-year-old male patient
who died from coronavirus disease 2019 (COVID-19), showing
slightly expanded alveolar walls and multiple fibrinous
microthrombi (arrowheads) in the alveolar capillary



dCoexistence of widespread pulmonary perfusion deficits both with
and without radiologically visible thrombi, the latter hypothesized to
reflect vascular inflammation or alteration of the vascular tone

(dRegions of reduced perfusion demonstrated otherwise near-normal
lung parenchyma and air spaces. There is additionally evidence that
pulmonary blood volume is redistributed towards regions of ground
glass opacification, with the potential to exacerbate shunt

dThese findings fit with clinical evidence of increased dead space, as
measured by ventilatory ratio, in addition to venous admixture.




e) In situ demonstration of AECII infected by
SARS-CoV-2: cytoplasmic (red) signals

f) In situ analysis of IL-6 mMRNA expression:
strong signal is evidenced in scattered AECII




Causes of ventilation—-perfusion (V /Q )mismatching
and therefore hypoxemia

dloss of the normal hypoxic pulmonary
vasoconstriction (HPV) response

dPhysical redistribution of blood owing to
occlusive thrombi.



Hypoxemia observed early in COVID-19: complex interaction

Early peripheral disease

d Dysregulation in pulmonary

perfusion through alteration of

angiotensin II metabolism Low elastance,
Q Vascular inflammation Low V' /Q ratio,
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d Neo-angiogenesis and immuno-
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Late diffuse disease

0 Changes consistent with classical
ARDS with progression of disease
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SELECTION OF TIDAL VOLUME

Typical ARDS: a tidal volume of 6 ml/kg of PBW

» A tidal volume of 6 ml/kg PBW may not be
appropriate for every patient at every stage of the
disease process.

» Selecting total volumes based on a value of Driving
Pressure (plateau pressure minus PEEP) is a
better way of personalizing the total volume to the
lung compliance




The first approach:

1-Select a Tidal volume that reflects a threshold

of driving pressure [DP] rather than being
based on PBW

2-To set the lowest driving pressure (in pressure

control) to achieve any initial tidal volume of 8 ml/kg
PBW.

Selecting total volume based on obtaining a DP < 14-15 cmH20

» Ensures the avoidance of both hypoventilation in patients
with preserved compliance and

» The excessive strain in patients with smaller lung volumes and
lower lung compliance.
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VT=8 mL/kg IBW, RR=14/min, FIO2=1, PEEP= +5

(cmH20) | (mL/cmH20
1 1.0 5 100 500 30 20
2 1.0 8 100 500 29 24
3 1.0 10 100 500 28 28
4 1.0 12 100 500 29
5 1.0 14 100 500 34
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C ¢y = 500 = (29-12) = 29 mL/cmH,0

-Compliance for time 5:

Csr =500+ (34-14) = 25 mL/ cmH,0

Wﬁ
(cmH20) | (mL/cmH20
1 1.0 5 100 500 30
2 1.0 8 100 500 29
3 1.0 10 100 500 28
4 10 ' @ 100 500 29
5 1.0 14 100 500 34




b:Predetermined PEEP

%&ggl_mm:%? A
2 il .4 0.5 0.5 0.6 0.7 0.7
PEEP S S 8 8 10 10 10 12
y
FiO, 0.7 0.8 0.9 0.9 0.9 1.0
PEEP 14 14 14 16 18 18-24
Higher PEEP/lower FiO2
FiO, 0.3 0.3 0.3 0.3 0.3 0.4 0.9 0.5
PEEP S 8 10 12 14 14 16 16
FiO, 0.5 0.5-0.8 0.8 0.9 1.0 1.0
PEEP 18 20 22 22 22 249
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SELECTION OF PEEP: complex

d It is important to stress that an improvement in oxygenation after
an increase in PEEP does not necessarily indicate recruitability

A Positive intrathoracic pressure can impair pulmonary perfusion and even

redistribute it to non-ventilated areas, & reduce the shunt fraction by a
depressive effect upon cardiac output

Therefore, many patients can respond to an increase
in PEEP with an improvement in oxygenation but

v" a deterioration in dead space ventilation,

v a reduction in respiratory system compliance &
v an increase in driving pressure [DP]




c:The best approach to evaluate the effects of different
levels of PEEP is by measuring the PLR

At the bedside using a single-breath recruitment-to-
inflation ratio (R/I ratio).

An R/I ratio > 0.5 indicates
Crec higher lung recruitability, and

~ Crs at PEEP,,, or above AOP’ these patients may benefit
v from higher levels of PEEP

» This ratio is calculated as the compliance of the lung volume recruited with an
abrupt release of PEEP from 15 to 5 cmH:0 divided by the compliance at a PEEP
of 5 cmH.O (or airway occlusion pressure).




Recruitment to Inflation Ratio

A test for Airway Closure should be
done before this recruitability test

The 'High PEEP' of the R/l ratio maneuver should be ideally AT LEAST
5 cm H20 above AOP provided Pplat is < 30 cm H20. Continue to use
a delta pressure of 10 cmH20 (even though it may cross the AOP)

High PEEP Set Tidal Volume (VT)
cm H20 ml
Low PEEP VT exhaled from high to low PEEP

L

cm H20 ml

L]

LA

Airway Opening Pressure

Leave it empty if no airway closure

cm H20

VT exhaled @ high PEEP

Plateau Pressure (at low PEEF)

cm H20

L]

L]

{3



1.Change mode to
SIMV(vol.contl.) for low flow
inflation

2.Decrease Rate to 5/min
3.Set the tidal volume to
6mL/kg

4.Adjust Inspiratory time to
achieve a flow rate of 5Lit/min
5.Lower the PEEP to 5cmH20
6.Then Accept to do the
manuver

Airway Opening Pressure
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The tidal volume at 16 cm H20is 29 ml. 16 -5 Yt
(PEEP) Is 11 cm H20. '29/171 = 2.7 ml/em H20 which 2 10:39
Is similar to the compliance of a ventilator circuit. “ﬁ"” ’
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MAQUET

Admit
patent

Volume Conuol

Observe the last exhaled breath
before the PEEP drop, followed by the
release volume (due to PEEP drop)




Recruitment to Inflation Ratio = 0.57

An R/I ratio > 0.5 indicates

these patients may benefit
from higher levels of PEEP

higher lung recruitability, and

High PEEP Set Tidal Volume (VT)
15 - 400
cm H20 ml
Low PEEP VT exhaled from high to low PEEP
5 - 818

cm H20

L]

L]

Airway Opening Pressure

11

Leave it empty if no airway closure

cm H20

VT exhaled @ high PEEP

398

Plateau Pressure (at low PEEP)

17

cm H20

L]

LA

LA
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The Berlin Definition of ARDS
[primary diagnostic tool for ARDS]

Timing Chest Imaging
Acute - Within 1 Bilateral opacities
week of a known (excluding effusions,

risk factor atelectasis, and nodules)

Cause of Edema

Respiratory failure not
purely of cardiac origin

Severity
Mild Formerly ALI
Pa0s/Fio: = 201—-300 mm Hg —= by AECC
and PEEP or CPAP criteria
Moderate
Pa0,/Fio: = 101-200 mm Hg
and PEEP = 5 cm H:0O Formerly ARDS
by AECC
Severe criteria

Pa0a/Fios < 100 mm Hg
and PEEP =5 cm H-0

There is no absolute requirement in the Berlin definition to rule out a

cardiac cause of pulmonary edema
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Before paralysis

Vemilator-indaced lung isjury

i
Lung
T, . : T Lung volume
Active 'y 1 Lung volume
expiration -

Inczeased tidal velume secondary to
increased respratory drive due to:
1 Arterial PO,
Lung refleaes

Anxiety
Permissive hypescapnia

4 Lung velume

“Atelectrauma®

T Meditees
(e.g-, Interleutin.§)

Surfactant

Translocation of
mediators from alveolss
space to cirodation

L Atens
PO,
Dysfunction ) 0, uted
ororgan failure \ for musche
due to: ceatrachion
1 Arterial PO,
vital
1 Elood flow i
T Madiators

- Barotrauma
- e.g. pneumothorax

- Volutrauma

— alveolar overdistension
causes alveolar
capillary permeability

- Atelectrauma

— sheer injury from
repetitive closing and
opening of alveoli

- Biotrauma

— inflammatory
mediators, organ
dysfunction

- Oxygen toxicity.
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Severe ARDS:
Pa0

[FI0, £ 100 mmHg

Mild/Moderate

Severe

LPV +
Fluid restriction

LPV, fluid
restriction

+ Prone position

If asynchrony,
add NMB < 48
hours

Higher PEEP
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Dysregulated Immuno
Pulmonary perfusion Thrombosis
Vascula.r. '
Pathophysiology S ies Micro Macro
Neo-angiogenesis Thrombosis Thrombosis
(Shunt)
: PRt Perfusion Defects
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coronavirus 2 Lung Blood

(SARS-CoV-2) infection Vokinis
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ma nagement In the ICU Ai Di Peripheral Oedema Consolidation
Irspace Lisease ground glass Atelectasis Fibrosis
PLR Low High Low
Elastance Low High High
Low PEEP Higher PEEP Low PEEP
Recommended More Liberal VT Low VT Low VT
Management (DP < 14 cmH,0) (DP <14 cmH,0) (DP <14 cmH,0) |
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CRITICAL CARE SUPPORT

Any Question?




THANK YOU FOR
YOUR ATTENTION




