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- l. PATHOPHYSIOLOGY OF ARDS
PULMONARY SHUNT
o Lung Injury - Diffuse alveolar damage - o Lung Injury — Diffuse alveolar damage -
Typellalveolar injury - P Alveolar permeability - Typefbalveolar injury =  Surfactant production -
Severe Alveolar filling — No ventilation and poor gas Severe alveolar collapse - No ventilation and poor gas
exchange to alveoli - (Severehypoxemia exchange to alveoli *m
Normal @I Cell Injury £ Pulmonary Shunt
+Squarnoug celle that =+ Super filled alveoli = almost

zero ventilation = law V/Q v
match = no gag exchange
within capillarieg = hypoxemia

participate in gag exchange
and maintain a good barrier

Diffuse Alveolar

Damage
+ Fluid can eagily leak into the  Exudative multiple alveoli in
" alveoli, it gtarte accumulating  phase —A1 both lunge &~ t Alveolar R [j
© fl\'ws{s:‘, proteing, different types of Filling Y 1R twos
Damage immune cellg #They will feel very
ghort of breath
+ Cuboidal celle that are Type Il Cell Injury Pulmonary Shunt

+Lose of eurfactant = alveclar collapse =
alveoli can't stay open and will be filled with
a bunch of fluid = no ventilation degpite the
perfugion i normal = hypoxernia

regpongible for production of
surfactant that coate the inner
part of the alveoli g0 it doeen't
collapee

¥ The aurface tengion will start to rise | gy factant Alveolar Q * The patient will
& fluid wil start to accumulate = <—! Collapse oo twos look dietrecced

alveolar collapse
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09:50 ll. CAuses oF ARDS

[ A brecT Luna INury |  Direct Lu ng Injury
a) Pneumonia ~ C>Looal injury l
o Severe bacteria or COVID-19 pneumonia - PNA

Diffuse lung inflammation — Diffuse alveolar damage

\_ = Assess for fever, productive cough, leukocytosis, and fevery

— b) Aspiration ~
o Gastric content aspiration — Diffuse pneumonitis - H gpreadg ’rhrough fhe blOOd gtregm »
diffuse alveolar damage

ol _ diffuges out into the lung area »
= Assess for impaired level of consciousness that may be

\_ associated with aspiration ) damageg [ung tigeue and capillarieg i

—

Ky . —

B. INDIRECT LUNG INJURY ) i
o) Sepsis N Lindirect Lung Injury

' Qgggfemio inflammation with
s SePS'S diffuce injury

o Systemic infection » Widespread systemic inflammation -
Diffuse pulmonary capillary and alveolar cell injury
= Assess for fever, leukocytosis, tachypnea, and hypotension

(e.g. shock) Pancr eatitis l
\_ e The most common cause of ARDS ) TRAL'
— b) Pancreatitis ~

o Widespread systemic inflammation -
Diffuse pulmonary capillary and alveolar cell injury
_ = Assess for epigastric pain and P Lipase (3 x ULN) )

¢) Transfusion-Associated Lung Injury (TRALI) ~

o Transfusion — Donor antibodies react against neutrophils -
Widespread systemic inflammation - '—

Diffuse pulmonary capillary and alveolar cell injury

Systemic

= Monitor within 6 hours post-transfusion .
N = Inflammation

. CLAsSIC FINDINGS oF ARDS

[ Hypoxemic RespiRATORY FAILURE
o Dyspnea, Tachypnea, PWork of breathing (WOB) Be V”V‘- C‘/-l'te V-l'a

= | 0; - Stimulates chemoreceptors -

heart

M Respiratory drive to breathe

Normal Value:

6-12 mmiig

e Hypoxia (Sp0, < 90%) on pulse oximetry

#0On chest X-ray or ct you will see white Acute Hypoxemia (< 1 wk) —>S0924940 I.O"LPO©2<60 mw
opacities all through out both lang fielde Ratio (P/F < 300) -3 Determines the degree / severity of hypoxemia
Diffuse B/L Infiltrates
/\ '
Swan (PCWP < 1.8)" Pulmonary capillary wedge preseure

|—» @ Cardiogenic
Pulmonary
. Edema
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IV. COMPLICATIONS OF ARDS

A. Hypoxemic RESPIRATORY FAILURE WITH MULTI-ORGAN DYSFUNCTION

e Pathophysiology:
o Severe hypoxia - P Oxygen delivery to tissues -
Organ ischemia — Organ dysfunction
® Presentation:

o Hypoxia not responsive to oxygen supplementation (e.g. shunt

physiology)
o Encephalopathy:

= Confusion — Stupor - Coma
o Arrhythmias:

= Atrial fibrillation

= Ventricular tachycardia
o Myocardial Ischemia:

= Angina, ST changes, and a *Troponin
o Lactic Acidosis:

= Lactate level

= ABG with J,pH and  HCOs"

e Pathophysiology:
o Extremely severe acute hypoxemia — MHypoxic pulmonary
vasoconstriction = #MNPVR - NPulmonary BP
® Presentation: Oy[monary vaseular registance
o Dyspnea on exertion
o “PRisk of Right Heart Failure (e.g. Cor Pulmonale)
= JVD
= Ascites
= Hepatomegaly
= Lower extremity edema

Pulmonary Hypertension

®

tevp tPVR — tv/Q Mismatch

4 f the right heart faile to pump the
Pulm 41N blood forward and it can't fit the
l 7 central venoug pregeure will vige and
RHE the blood will back up in the VC

JVD ‘/’/ \\ Pedal Edema

Hepatomegaly  Ascites

Multi-Organ Dysfunction

HWPH
{\\‘ ttLactate
‘%ﬁlt‘%; ®]

1o,

/\

® Sr Arvhythmias
Encephalopathy Myocardial
® Ischemia

B. PuLmoNARrY HYPERTENSION

C. VENTILATOR-ASSOCIATED PNEUMONIA (VAP)  JEEEA!

. ——
= ery intenge

Vasoconstriction
|
. \\ lloz
| 4 Reduced perfugion to alveoli

——

e Pathophysiology:
o Severe ARDS that requires intubation —
Prolonged intubation (> 48 hrs) — Risk of bacterial infection
(e.g. MRSA or Pseudomonas) in the presence of ETT and
microaspiration around ETT
® Presentation:
o Fevers and Leukocytosis
o MPurulent sputum Production
o Worsening infiltrates on CXR
o MOxygen/ventilator requirements
o Sputum culture (+) for MDR pathogen (e.g. Pseudomonas or
MRSA)

Ventilator Associated PNA

(VAP) 4 Tube ig a foreign
object to the body »

it createg an
opportunity for the
bacteria to grow

allowing it to spread
to multiple parte of
lang tigeue which can
lead to infection ..

he longer the
patient ig intubated

Pseudomonas the higher rick of
S. aureus (MRSA) colonization and
higher rigk of
infection
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D. VENTILATOR INDUCED LUNG INJURY (VILI)

[=Y
&
(=Y
H w0

1. Barotrauma

3. Atelectrauma

@ Pathophysiology:
o ARDS with { Lung compliance - Ventilator delivers excessive
airway pressure via (/Plateau pressures and T"PEEP) -
M Alveolar rupture
® Presentation:
o MPlateau pressures (> 30)
o PRisk of Pneumothorax and pneumomediastinum

Barotrauma

® Pathophysiology:
o ARDS with { lung compliance -
Ventilator delivers very little PEEP —
alveoli minimally expand and quickly collapse —
Minflammation (which worsens lung injury)
® Presentation:
o CXR with worsening atelectasis
o MFiO; requirements on ventilator

Atelectrauma

-+ PEED = pogitive end expiratory preseure » the
presaure that remaing in the lung at the end of
expiration during mechanical ventilation

PEEPt w/
| Lung Compliance

N O "
(1prat>3o Pneumomediastinum
—

N\

2. Volutrauma

W PEEP w/
{Lung Compliance

Ytinflammation
twonB

Alveolar
Derecruitment

#Now the patient hag to take a
deeper breath in and work

. harder to inflate the alveoli
4. Hyperoxia

® Pathophysiology:

o ARDS with { lung compliance - Ventilator delivers larger tidal
volumes— Alveolar overdistention — Alveolar rupture and
inflammation (/*Lung injury severity)

® Presentation:
o “MTidal volumes (> 6¢cc/kg of IBW)
o PRisk of Pneumothorax and pneumomediastinum

o Volutrauma
-+ Overdigtention cauges
injury to both types of
lung celle » they start
releaging inflammator
a'|g|‘a é J 1tV w/
mediatorg increaging lLung Compliance

inflammation iteelf
more alveolar edema
and collapge »
decreaging the

§: t.l.v.xﬁammation

compliance even more

e Pathophysiology:
o ARDS with ,lung compliance — Ventilator delivers too
much FiO, —» Worsens V/Q mismatch and

M nflammation (M Lung injury severity)

® Presentation: <= Fraction of ingpired oxygen
o ABG with 1MPa0; while on NFiO,

Hyperoxia

4+ Some of the alveoli that are gome
where healthy will take that oxygen
and turn them to free radicale »
they start cauging more damage to
HEi Oz’rhe alveoli » increage tiegue

degtruction = increage inflammation

10, —— 1V/Q Mismatch

Qo G Having too much oxygen acte
\ ag pulmonary vagodilator
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Diagnostic Approach Berlin Criteria:
to ARDS Acu'te Onset < 1 week
Ratio (P/F < 300)
Diffuse B/L Infiltrates

Acute Hypoxemia (< 1 week) Swan (PCWP < 18)
) Obtain
Supports ARDS P/F ratio <300—— Arterial Blood Gas
| ’
A-a Gradient
P/F~200-300 P/F~100-200 P/F <100 Tha ol;a fen
! Normal PCO,
Mild ARDS Moderate ARDS Severe ARDS
Obtain
Chest Imaging Bilateral Pulmonary Infiltrates
(CXR, Chest CT)
P/F Ratio:

Rule out Cardiogenic Pulmonary Edema
P=Pa0, from ABG

F=FiO, ~ 21-100% Obtain
Echocardiogram

Normal LVEF and LVEDP ﬁ
Example:
Pa0, ~ 50mmHg Rule out CardiogenicPulmonary Edema Not cardiogenic pulmonary edema
FiO, ~ 80%
P/F~ 62

Obtain |
Right Heart Catheterization FEREP < 18 il

A. ASSESS FOR TYPE OF RESPIRATORY FAILURE
1. Obtainan ABG

2. Administer100% FiO, Challenge

® Purpose:

® Purpose:

o Differentiate between Type | and Type Il respiratory failure o Differentiate between V/Q mismatch and Shunt in Type |
o Assess the severity of ARDS via the P/F ratio

respiratory failure
@ Abnormal Findings:

@ Abnormal Findings:

o'Type | (Hypoxemic) Respiratory Failure: / ‘ o V/Q Mismatch:

= Pa0; < 60mmHg

= Hypoxemia improves with oxygen supplementation
= Normal or Low PaCO, \7 4 /‘ o Shunt:
o'Type Il (Hypercapnic) Respiratory Failure: // = Hypoxemia DOES NOT improve with oxygen
= Pa0; < 60mmHg R y supplementation
= MNPaCO; (> 45mmHg) \
o ARDS Severity via P/F Ratio: \‘ \
= P/F ~200-300 — Mild ARDS \ \ .
* P/F ~100-200 - Moderate ARDS \ P/F Ratio:
= P/F <100 - Severe ARDS \‘ P:Pao2 from ABG
- F=FiO, ~ 21-100%
Supports ARDS /‘
o Example:
( [ ) PaO, ~ 50mmHg
~200- P/F~100-200 . )
P/F 2(1)0 300 / P/F <100 FiO, ~ 80%
Mild ARDS Moderate ARDS Severe ARDS P/F 62

% | ARbs
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[ B. Assess FOR THE CAUSE OF TYPE | (HyPoXemic) RESPIRATORY FAILURE ]

Obtain CXR or Chest CT Obtain an Echocardiogram
® Purpose: ® Purpose:
o To assess for the presence of pneumonia, pulmonary edema, o Assess for intracardiac shunt (e.g. ASD, PFO, VSD)
atelectasis, alveolar hemorrhage, ARDS o Assess for evidence of cardiogenic pulmonary edema
o To assess for the presence of PE (use CTPA study) e Findings in ARDS: [ eft ventricular 9j90+i0n fraction
e Abnormal Findings in ARDS: o Normal LVEF or Normal Diastolic function helps support
o Diffuse infiltrates — ARDS diffuse infiltrates are not from cardiogenic pulmonary edema

+ Diffuge bilateral opacitieg

and suggests ARDS

MOBILE
SUPINE

FIGURE 1. CXR SHOWING BILATERAL PULMONARY INFILTRATES

FIGURE 2. CT SHOWING BILATERAL PULMONARY INFILTRATES

Obtain Right Heart Catheterization (RHC)

® Purpose:

o Definitively assess for evidence of cardiogenic pulmonary
edema

@ Findings in ARDS
o PCWP < 18 mmHg helps support diffuse infiltrates that are not
from cardiogenic pulmonary edema and suggests ARDS

Right Right Pulmonary | Pulmonary

50 atrium ventricle artery artery wedge
Mode ¢ .

PCO2

4 4 4 4 -

s phag, Minked 1T Small ETT -‘7 L O, G
2 Mt PEEP fasthinad 5 & TV ‘.A ‘ ‘ ‘
g #tubatisn -+ exmate

eeeoee

Pressure (mmHg)
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VI. TREATMENT oF ARDS

Treatment of

ARDS

‘ Type of Treatment ‘ Goal ‘

Fluid Conservative Therapy |, Pulmonary Edema

J TV (< 6cc/kg)

Mechanical Ventilation 2 PEEP

Additional Comments
Aim for Euvolemia

LTV 4 VIL = L mortality
N PEEP > | Atelectrauma - |, mortality

ARDS

Treatment Approach

|

Heavy Sedation
+

Goal Euvolemia
+

LTVV strategy

P/F Ratio < 150 -> NMB ({, mortality) |

Paralysis via NMB
Ventilator Dyssyncrinyor P/F ratio <150

{ Ventilator Dyssynchrony

Sedation/Analgesia Needed if on NMB

Add NMB

Proning { Dependent atelectasis P/F Ratio < 150 -> Proning ({, mortality) & molna”m
P/F ratio still <150
Inhaled Pulmonary

" Good if Pulmonary HTN present
Vasodilators Y )

/N Oxygenation (refractory hypoxemia) Initiate Proning

V-V ECMO No good trials to suggest benefits

Pulmonry HTN and RV dysfunction
|

Consider Inhaled NO

Refractory Hypoxemia
}

A. TREAT THE CAUSE OF ARDS

1. Pneumonia, Aspiration, and Sepsis

® Treatment: Consider V-V ECMO
o Antibiotics for bacterial infections
= Vancomycin and Piperacillin-tazobactam empirically.

Narrowly based on sputum/blood cultures

B. SupporTIVE CARE OF ARDS

1. _Invasive Oxygen Supplementation 2. Heavy Sedation and Analgesia

o Types of Supplementation: o Types of Supplementation:

o Intubation and mechanical ventilation

o Sedation:
® Indications: = Propofol infusion

o Hypoxemia refractory to non-invasive ventilation (e.g. HFNC)
® Modes of Ventilation:

o Controlled mechanical ventilation (CMV)

= Midazolam infusion
o Analgesia:

= Fentanyl infusion
= Used in patients who require diaphragmatic rest, allowing

the ventilator to do the work

= Dilaudid infusion

Effect of PEEP ® Indications:

© Purpose: o Worsening Hypoxemia while on LTVV causing ventilator
o Improve oxygenation ov dyssynchrony
= Use of FiO; © Purpose:
FiO, in hypoxia o . .
* TFi0, P OPEEP ® PEEP o Hypoxemia while on LTVV causing ventilator dyssynchrony and

= Use of PEEP
e INPEEP in hypoxia to reduce

(Derecruitment) (Recruitment)

worsening P/F ratio

o These agents inhibit the respiratory center, facilitating
atelectrauma (VILI)

o Reduce risk of mortality via Low tidal
volume ventilation (LTVV)

mechanical ventilation by preventing the patient from resisting

TV\

tto,

the ventilator's settings, particularly when they instinctively
attempt to take deeper breaths than the machine permits

® Monitoring:
o Monitor the ventilator for any dyssynchrony and titrate the

= Use of Tidal volume and RR
e TV in ARDS to reduce volutrauma (VILI)
* TRR to allow clearance of CO; but can allow permissive
hypercapnia infusions to the goal of vent synchrony
® Monitoring:
o Monitor Tidal Volumes (TV):
= MTV (> 6¢c/kg of IBW) — M Risk of volutrauma in ARDS
o Monitor Plateau pressures (Pplat):
= IMPplat (> 30) in ARDS — Assess for increased risk of
barotrauma in ARDS

o Monitor the P/F ratio on ABG for the progression of ARDS

= Ventilator alarms signal high breathing frequency or high
tidal volumes along with hypoxia indicates dyssynchrony
o Monitor the P/F ratio on ABG for the progression of ARDS

7 of 8
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3. Paralysis

5. Inhaled Pulmonary Vasodilators

e Types of Supplementation:
o Neuromuscular Blockade (NMB):

= Cisatracurium infusion

e Combined with sedation and analgesia
@ Indications:
o Worsening Hypoxemia while on LTVV - Refractory to heavy
sedation and analgesia with P/F ratio < 150
® Purpose:
o Hypoxemia while on LTVV and heavy sedation/analgesia
causing ventilator dyssynchrony and worsening P/F ratio < 150
= NMBs paralyze the diaphragm and intercostals - Allow the
ventilator to do the work, preventing the patient from
resisting the ventilator's settings, particularly when they
instinctively attempt to take deeper breaths than the
machine permits
® Monitoring:
o Monitor the ventilator for any dyssynchrony and titrate the
infusions to the goal of vent synchrony
= Ventilator alarms signal high breathing frequency or high
tidal volumes along with hypoxia indicates dyssynchrony
o Monitor the P/F ratio on ABG for the progression of ARDS

4. Prone Positioning

© Indications:
o Worsening Hypoxemia while on LTVV — Refractory to heavy
sedation, analgesia, and NMB with P/F ratio < 150
® Purpose:
o Hypoxemia while on LTVV and heavy sedation, analgesia, and

NMB causing ventilator dyssynchrony and worsening P/F ratio
<150

= Proning = {,Compression of the posterior bases of lungs -
{ Dependent atelectasis - Improves V/Q matching
® Monitoring:
o Monitor for reduction in FiO,, PEEP, and improvement in
oxygen saturation as well as improving CXR
= Usually, 16 hours of lying prone and 8 hours of lying supine
o Monitor the P/F ratio on ABG for the progression of ARDS

Prone

e Types of Supplementation:
o Inhaled Nitric Oxide (iNO)
o Indications:

o Worsening Hypoxemia while on LTVV refractory to heavy
sedation, analgesia, and NMB with P/F ratio <150 and presence
of pulmonary HTN or RV dysfunction on echocardiogram

® Purpose:

o Worsening Hypoxemia while on LTVV refractory to heavy
sedation, analgesia, NMB with P/F ratio < 150, and presence of
pulmonary HTN or RV dysfunction on echocardiogram

= iNO - Pulmonary vasodilation - Improves perfusion to
well-ventilated alveoli - Improves V/Q matching with
pulmonary vasodilation - Less stress on the right heart
® Monitoring:

o Monitor methemoglobin levels to avoid methemoglobinemia
with prolonged infusions

o Monitor the P/F ratio on ABG for the progression of ARDS

6. Veno-Venous Extracorporeal Membrane Oxygenation
(V-V ECMO)

@ Indications:
o Refractory Hypoxemia despite LTVV on heavy sedation,
analgesia, NMB, and iNO with P/F ratio < 150
® Purpose:
o Refractory Hypoxemia despite LTVV on heavy sedation,
analgesia, NMB, and iNO with P/F ratio < 150
= V-V ECMO takes over the job of the lungs by oxygenating
the blood and removing CO; — This allows time for the lungs
to heal from such an extensive injury
® Monitoring:
o Monitor for reduction in FiO,, PEEP, and improvement in
oxygen saturation, as well as improving CXR
o Monitor the P/F ratio on ABG for the progression of ARDS
o Monitor for ECMO complications such as bleeding or circuit

thrombosis

Blender

E QJ\E Oxygenator *

Console
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