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ARDS
‘An acute inflammatory syndrome with
Diffuse pulmonary oedema and respiratory failure
that cannot be explained by, but may co-exist with,

LVF

Acute onset of severe respiratory distress and
cyanosis which is refractory to oxygen therapy and
associated with diffuse CXR abnormality and

decreased lung compliance

The American European Consensus Conference (AECC) definition



Pathophysiology
Acute inflammation affecting the lung’s gas exchange
surface, the alveolar-capillary membrane
The resulting acute inflammatory exudate inactivates
surfactant leading to collapse and consolidation of
distal airspaces with progressive loss of the lung’s gas
exchange surface area. This would be compensated for
by hypoxic pulmonary vasoconstriction
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= As a syndrome rather than a disease, there is no
laboratory, imaging, or other ‘gold standard’
diagnostic investigation for ARDS.

= ARDS is caused by a huge range of conditions
and as a consequence patients with ARDS are
heterogeneous.



A four-point lung injury scoring system for
quantifying ARDS severity based on:

1. level of PEEP,

2. ratio of the partial pressure of arterial oxygen
(PaO2) to the fraction of inspired oxygen (FiO2)

3. dynamic lung compliance
4. degree of radiographic infiltration
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- Outcome

= Determined by:

1-the underlying causes of ARDS,

2-patient specific factors such as co- morbidities,

3-clinical management

4-the severity of illness

= Survivors commonly suffer from muscle
weakness and neuropsychiatric problems,
Fewer than 50% have returned to work 1y after
leaving ICU

= The mortality rates are approximately 40%



ARDS cases at the Hamad Trauma center 2011-2018 (n=118)

Alive (60%) Dead (40%)

Age 29(15-67) 30(14-91)
Males 93% 91.5%

Head 52.5% 47.5%
Chest 63% 37%
Abdomen 64% 36%

Long bone fracture 64% 36%
Spine 65% 35%
ISS 25(8-59) 30(9-75)
Sepsis 41% 38%
Pneumonia 59% 36%

Blood transfusion 90% 94%
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Ten topics based on existing guideline recommendations :
Corticosteroids
Extra-corporeal Membrane Oxygenation (ECMO)
Extra-corporeal Carbon Dioxide removal (ECCOR)

Fluid Strategy

High Frequency Oscillation (HFOV)

Inhaled Vasodilators (iVasoD)

Lung Protective Ventilation: Tidal Volume (Vt)
Neuromuscular Blocking Agents (NMBA)
Positive End-Expiratory Pressure (PEEP)
Prone Positioning
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Corticosteroids compared to placebo for Acute Respiratory Distress Syndrome

Patient or population: Adults with ARDS
Settings: Intensive Care
Intervention: Corticosteroids
Comparison: Placebo
Illustrative comparative risks

Mortality
(Hospital)

(95% C1)

Control risk

Intervention
risk

Placebo

Corticosteroids

526 per 1000

326 per 1000
(121 to 663)

RR 0.62
(0.23 to 1.26)

561
(5 studies)

R
VERY LOW
Due to

serious risk
of bias,
serious
inconsistency
and serious
imprecision

All studies conducted in the
pre-lung protection strategy
era. One study changed
ventilation protocol during
the study, following ARDS
Net ARMA result

Mortality
(Hospital or 60
day)

45.5%

455 per 1000
(355 to 590)

725
(8 studies)

-
LOow

Due to
serious
inconsistency
and serious
imprecision

Pooled estimate from studies
of both treatment and
preventative steroids

Adverse Events

287 per 1000
(175 to 477)

RR 0.82
(0.5 to 1.36)

494
(4 studies)

-
Low

Due to
serious risk
of bias and
serious
imprecision

Composite of infection;
neuromyopathy; diabetes,
Gastro-intestinal bleeding
and others




Extra-Corporeal Membrane Oxygenation (ECMO) compared to standard care for Acute Respiratory Distress Syndrome

Patient or population: Adults with ARDS
Settings: Intensive Care
Intervention: ECMO
Comparison: Standard care
lllustrative comparative risks

Mortality
(pooled)

(95% Cl)

Control risk

Intervention risk

Usual Care

ECMO

51.7%

517 per 1000

32%

324 per 1000
(264 to 408)

505
(3 studies)

-
VERY LOW
Due to
serious risk
of bias and
serious
indirectness

Includes data from 2 quasi-
randomised trials of patients
with influenza A HIN1

Adverse Event:
Bleeding

250 per 1000 <

RR 26.02
(3.68 to
184.16)

249
(2 studies)

[ o—
VERY LOW
Due to
serious risk
of bias and
serious
indirectness

Compared with conventional mechanical ventilation, use of venovenous ECMO in adults with

severe acute respiratory distress syndrome was associated with reduced 60-day mortality.

However, venovenous ECMO was also associated with a moderate risk of major bleeding (
2019 Feb;7(2):163-172..
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Extra-Corporeal Carbon Dioxide Removal (ECCOR) compared to standard care for
Acute Respiratory Distress Syndrome

Patient or population: Adults with
ARDS Settings: Intensive Care
Intervention: ECCOR Comparison:
Standard Care

= N
WVERY LOW Mostly observational studies.
Due to Only 2 RCTs performed. No MA
serious risk of | performed as variable approach
Mortality No MA 457 bias, serious to ECCOR and standard ventilator
(Hospital) conducted (13 studies) inconsistency, | strategies. Mortality estimates
serious presented as simple descriptions
indirectness — 27 to 75% (mean 55.5%,

and serious standard deviation 47.2 to 60.3)
imprecision
R

VERY LOW
Due to 0-25% incidence of arterial injury.
serious risk of | Higher incidence of transfusion
Adverse No MA, 485 bias, serious reported in 2 studies.

Events conducted (13 studies) inconsistency, | Complications presented as
serious aggregated simple descriptions —
indirectness 0-25%

and serious
imprecision




Conservative compared to liberal fluid management for Acute Respiratory Distress Syndrome

S

Patient or population: Adults with ARDS
Settings: Intensive Care
Intervention: Conservative fluid strategy

Comparison: Liberal fluid strategy

Mortality

(pooled up to 60

days)

llustrative comparative risks

(95% Cl)

Control risk

Intervention risk

Liberal fluid
strategy

Conservative
fluid strategy

311 per 1000

283 per 1000
(239 to 332)

.
LOwW

Due to
serious
indirectness
and serious
imprecision

Variable fluid strategies, fluid
balance achieved and
outcome reporting

Adverse Event:

Acute kidney
injury (AKI)

4+
MODERATE
Due to
serious
imprecision

Single study. There were a
similar number of renal
failure free days between
conservative and liberal fluid
management groups. In a
post-hoc analysis where
creatinine was adjusted for
fluid balance, conservative
fluid management was
associated with lower
incidence of AKI (58% versus
66%).

Adverse Event:

Renal
replacement
therapy (RRT)

141 per 1000

100 per 1000
(70 to 139)

.
MODERATE
Due to
serious
imprecision

Single study
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High Frequency Oscillatory Ventilation (HFOV) compared to usual care for Acute Respiratory Distress Syndrnm_l

Patient or population: Adults with ARDS
Settings: Intensive Care
Intervention: HFOV
Comparison: Standard Care
Illustrative comparative

Mortality (ICU)

risks (95% Cl)

Control risk

Intervention
risk

Standard Care

HFOV

308 per 1000

442 per 1000

(308 to 447)

1321

(3 studies)

-

MODERATE
Due to
moderate
inconsistency
and mild
indirectness

Changes in conventional
ventilation strategies
accounted for heterogeneity

Mortality (30
day)

411 per 1000

404 per 1000

(373 to 432)

(0.83to1.31

1580

(5 studies)

-

MODERATE
Due to
moderate
inconsistency

Changes in conventional
ventilation strategies
accounted for heterogeneity




Inhaled Vasodilators (iVasoD) compared to placebo or usual care for Acute Respiratory Distress Syndrome

Patient or population: Adults with ARDS
Settings: Intensive Care
Intervention: iVasoD, inhaled nitric oxide (iNO) for all studies

Comparison: placebo or usual care

Mortality
(pooled)

lllustrative comparative risks
(95% 1)

Control risk Intervention risk

Placebo/Usual
care

iVaseD

346 per 1000 1142

315 per 1000
per (296 to 406) (9 studies)

daa

LOW

Due to
serious risk
of bias and
serious
indirectness

Six out of 9 studies compared
iNO with usual care rather
than placebo

Highly variable dose and
duration of iINO and inclusion
criteria

Adverse Event:

Renal
dysfunction

191 per 1000 . 919

124 per1000 | 147 t0 258) (4 studies)

+4==

Low

Due to
serious risk
of bias and
serious
indirectness

Highly variable dose and
duration of INO and inclusion
criteria

Variable criteria used to
define renal dysfunction




Lower Tidal Volume compared with Higher Tidal Volume (at similar PEEP) for Acute Respiratory Distress Syndrome

Patient or population: Adults with ARDS
Settings: Intensive Care

Intervention: Lower tidal volume

Comparison: Higher, conventional tidal volume
Illustrative comparative risks

Mortality (60
Day)

(95% C1)

Control risk

Intervention risk

Higher tidal
volume

Lower tidal
volume

379 per 1000

467 per 1000
(303 to 717)

RR 1.23

\ (0.8 to 1.89)

116
(1 study)

Mortality
(Hospital)

338 per 1000
(290 to 400)

|

1033
(3 studies)

MODERATE
due to
serious
indirectness

Adverse Event:
Barotrauma

30 per 1000

35 per 1000
(19 to 65)

RR 1.17
(0.63 to 2.18)

1149
(4 studies)

4=
MODERATE
due to
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Lower Tidal Volume and Higher PEEP compared to Higher Tidal Volume and Lower PEEP for Acute Respiratory Distress

Syndrome

Patient or population: Adults with ARDS
Settings: Intensive Care
Intervention: Lower Tidal Volume and higher PEEP (LV/PEEP)
Comparison: Higher Tidal Volume and lower PEEP (HV/PEEP)
lllustrative comparative risks*

Mortality (ICU)

(95% C1)

Control risk

Intervention risk

Low PEEP/
HIGH TV

High PEEP/ Low

TV

594 per 1000

339 per 1000
(238 to 487)

(0.4 to 0.82)

148
(2 studies)

ARDS Net ARMA study control
group had higher TVs
(11.5/12) than controls in the
other 4 studies

Mortality (28
day)

708 per 1000

383 per 1000
(220 to 645)

RR 0.54
(0.31t0 0.91

53
(1 study)

Mortality
(Hospital)

609 per 1000

377 per 1000
(268 to 530)

10.44 to 0.87)

148
(2 studies)

Adverse Events:

MNosocomial
pneumonia

458 per 1000

587 per 1000
(344 to 999)

RR 1.28
(0.75 to 2.18)

53
(1 study)

D

Adverse Events

214 per 1000

165 per 1000
(105 to 261)

RR 0.77
(0.49 to 1.22)

254
(2 studies)




Neuromuscular Blocking Agents (NMBAs) compared to placebo for Acute Respiratory Distress Syndrome

Patient or population: Adults with ARDS
Settings: Intensive Care
Intervention: NMBAs, cisatracurium infusion in all studies

Comparison: Placebo

Illustrative comparative risks

(95% CI)
Control risk :_r:: rvention
Placebo NMBASs
-
MODERATE
000 RR 0.70 Due to All trials studied a 48 hour
Maortality (ICU) 447 per 1000 313 per 1 (0.55 to 431 serious risk infusion of cisatracurium
(246 to 398) (3 studies)
0.89) of bias and besyslate
serious
indirectness
-
MODERATE
000 RR 0.66 Due to
::lor:;talltv (28 389 per 1000 {z:g?lg,ptl.orglgg} (0.50 to ?::tudles] serious risk See above
v 0.87) of bias and
serious
\ indirectness
R
MODERATE
Mortality 471 per 1000 339 per 1000 ?DHE‘;::; 431 sD;'Tot:s risk See above
(Hospital) (273 to 429) 0.91) (3 studies) of bias and truncated at 90 days
serious
indirectness
tranm
VERY LOW Lack of robust screening for
Due to very weakness in first two RCTs.
Adverse events: 000 RR 1.08 serious risk Third RCT only assessed
ICU acquired 298 per 1000 ?2242?‘:::41201 (0.83 to ?::tudles} of bias, weakness until ICU
weakness 1.41) serious discharge. Screening

inconsistency
and serious
indirectness

methods differed greatly
between RCT




Higher PEEP compared to lower PEEP for Acute Respiratory Distress Syndrome

Patient or population: Adults with ARDS
Settings: Intensive Care
Intervention: Higher PEEP
Comparison: Lower PEEP
lllustrative comparative risks

Mortality
(Hospital)

(95% C1)

Control risk

Intervention
risk

Lower PEEP

Higher PEEP

269 per 1000

332per 1000
(299 to 373)

RR 0.90
(0.81 to 1.01)

2299
(3 studies)

+4+-
MODERATE
due to
serious
inconsistency

Different strategies used to
set PEEP between trials

Mortality (28
day)

330 per 1000

274 per 1000
(221 to 334)

/

RR 0.83
(0.67 to 1.0

N

1921
(5 studies)

[F .
Low

due to very
serious
inconsistency

includes studies whose
intervention compares high
vs low tidal volume

Subgroup
analysis

patients with
moderate [
severe ARDS
(p/F <27kPa)
(Subgroup
analysis)

Mortality (ICU)

561 per 1000

377 per 1000
(270 to 534)

RR 0.67
(0.48 to 0.95

205
[3 studies)

+4--

LOwW

due to very
serious
inconsistency

includes studies whose
intervention compares high
vs low tidal volume




Prone Positioning compared to standard care for Acute Respiratory Distress Syndrome

Patient or population: Adults with ARDS
Settings: Intensive Care
Intervention: Prone Positioning
Comparison: Standard Care

Illustrative comparative risks
(95% 1)

Mortality
(pooled)

Control risk

Intervention
risk

Standard Care

Prone
Positioning

467 per 1000

421 per 1000
(383 to 458)

7 N

RR 0.90
(0.82 to 0.98)

2141
(& studies)

-
VERY LOW
due to
serious risk
of bias, very
serious
inconsistency
and serious
indirectness

Failure to blind outcome,
failure of allocation
concealment, and
incomplete outcome data

Includes sub-groups receiving
additional interventions
known to demonstrate a
potential mortality benefit

Sub group
analysis

Prone
positioning with
lung protective
ventilation

Mortality

447 per 1000

326 per 100
(277 to 384)

RR0.73

910
(5 studies)

et
MODERATE
Due to
serious risk
of bias

Failure to blind outcome,
failure of allocation
concealment, and
incomplete outcome data

Sub group
analysis

Prone
positioning
without lung
protective
ventilation

Mortality

483 per 1000

488 per 1000
(435 to 546)

RR 1.01
(0.9 to 1.13)

1231
(3 studies)

+4+-
MODERATE
Due to
serious risk
of bias

See above




Table 1: Summary of the FICM/ICS Guidelines for the management of ARDS in adult patients

Topic GRADE Conditions
Recommendation
Tidal volume < 6 ml/Kg ideal body
weight; Plateau pressure < 30cmH:0
Proning for > 12 hours per day
Prone Positioning Strongly in favour Patients with moderate/severe
ARDS (P:F ratio < 20kPa)

High frequency oscillation | . . . .
(HFOV) Strongly against

Conservative Fluid
Management

Higher Peek End-Expiratory
Pressure (PEEP)

Tidal Volume Strongly in favour

Weakly in favour

Patients with moderate or severe ARDS (PF
ratio < 27kPa)
Evidence for cisatracurium besylate
Weakly in favour Continuous 48-hour infusion
Patients with moderate/severe ARDS (-_5 20kPa)
With lung-protective mechanical ventilation
Patients with severe ARDS, lung injury score >3
or pH <7.20 due to uncompensated
hypercapnoea

Weakly in favour

Neuromuscular Blocking
Agents (NMBA)

Extra-Corporeal Membrane

Oxygenation (ECMO) Weakly in favour

Inhaled Vasodilators Weakly against Evidence for inhaled nitric oxide

Corticosteroids Research recommendation

Extra-Corporeal Carbon

Dioxide Removal (ECCO2R) Research recommendation
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ARDS specific management
Mild
200 mmHg < Pa03z/FIO? < 300
MmHg with PEEP or CPAP 5 cmH20

Low tidal volume ventilation (<6 ml/Kg IBW?; Plateau pressure <30cmH-20)
Prone positioning (>12 hr/day)

Non ARDS-specific support
Rehabilitation: early mobilisation, NICE CG837
Nutrition: enteral where possible, trophic feeding acceptable initially, consider naso-jejunal tube after pro-kinetics
for absorption failure
Transfusion of blood products: avoid unless absolutely indicated
Sedation:

 https://www.ficm.ac.uk/news-events-education/news/quidelines-management-ards
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acute hypoxemia in ARDS

Pa0, < 60 mmHg » consider ECMO when:

5a0, < 88 % Pa0, <80 mmHg for3-6h
Pa0,/FI0, <100 [T

| example: FIO,=0.5- PEEP =16 l

: FICI =0.8 > PEEP =20 |
> | target oxygenation:

| Pa0, 2 65 mmHg, 530, = 90 %

set PEEP 2 12 cm H,0
or use PEEP/FIO,-combination

5| persistant hypoxemia:
consider one OLA

hd
- :_target acid balance:
EE_t V; = 6ml/kg F'.BW > | PaCO, < 65 mmHg, pH =7.20 1
raise RR 20-30/min I target Pogat

V

-
hemodynamic monitoring/echo: > 1 diuretics, e.g. furosemide 40 mg
indications for massive hypervolemia | bolus, then 10 mg/h, consider CVVH |

v

neuromuscular blockade

Y

prone positioning > 12 h
after careful preparation

Intensive Care Med (2016) 42:699-711




Pa0,/FIO,
<100

ARDS with refractory hypoxemia

Pa0,< 60 mmHg

a0, < 88 %

|

ventilatory

setting |

-volume controlled
-V, 6mi/kg PBW
Py, < 30 cmH, 0
A1:E=1:1

-RR = 20-30/min
-heated humidifier

ventilatory setting |l
+  PEEP:

-‘high’ PEEP/FIO,-
combination

-titration to pressure-
volume curve

-P,, stress index

*  recruitment:

l

l

|

positioning

-prone position
(latest< 48 h
after onset)
-16 h sessions
repeated

v

v

late (27 d) or
focal ARDS:
no OLA

early or diffuse
ARDS:

one OLA

consider:
-contraindications

-safety! &

-routine!

|

A

hemodynamics.J
right ventricleJ.

supportive
measures:

-neuro-muscular
blockade = 48h
-adapted sedation:
-RASS-score
-consider ASB = 48h
-consider PV on in-
dividual basis
-negative fluid
balance
-consider early
hemofiltration

antifungal, virostati

- after diagnosis: de-escalation

early broad-spectrum antibiotics

cs, VAP-bundle

Intensive Care Med (2016) 42:699-711

infection con-
trol:

*  source:
-CT-scan
(whole body?)
-blood culture
-bronchoscopy
-lung biopsy (7]

consider:
-atypical
-fungal

-wiru i
B-D-glucan
galactomannan

|







ARDS
Definition

Timing Acute: onset within a week of onset of a known insult, or new or
worsening respiratory symptoms

Respiratory failure Pal:/FIO;: < 300 mmHg with PEEP (or CPAP 5 crmiH2O for rmild
ARDS)

Radiology Bilateral opacities, not fully accounted for by pleural effusions,
Chest radiograph or CT collapse or nodules
SCan

Origin of cedema Mot likely to be caused by left sided heart failure or fluid owver-
load. Echocardiography indicated to assess cardiac function and
to detect right-to-left shunts

Investigations

To diagnose under-lying conditions and complications, to monitor progress and aid
prognostication (see appendix B)

Ideal Body
Weight (I1IBW)

Male =50 + 2.3 x ((height cm/2.54)-60)
Female = 45.5 + 2.3 x ([height cm/2.54)-60)

High PEEP

Individual titration of PEEP recommended. Mean PEEFP levels in "High PEEP’ groups in
randomised trials was approximately 15 crmH:0 on day 1

Referral to
local ECPMIO
Centre UK

Potentially reversible respiratory failure
Murray Lung Injury Score > 2.5

Faints o 2 3

P/F ratio (kPa) 240 23.3-299 13.3-23.2
PEEP [cmH0) 55 S-11 11-14
Compliance (ml/cmH20) 280 40-59 20-35
CXR quadrants infiltrated ) 2 3

Purray Score = Total Points /4

PH =< 7.2

FiQz: not = 0.8 for 7 days

Plateau pressure not = 30 cmH20 for 7 days
Mo contraindication to anticoagulation

Exceptional
Measures

Under exceptional circumstances (for example contraindication to ECMO) short term
improvements in gas exchange and right ventricular function can be achieved by using
recruitment manoeuvres, imhaled vasodilators (nitric oxide or nebulised prostacyclin) or high
frequency oscillatory ventilation depending on local expertise and availability

MNICE CGE3

https:/fwew nice.org.uk/guidance/cg83fevidence/full-guideline-242259234%5
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Tahle 2: The Lung Injury Prediction Score

Predisposing conditions

Shock

LIPS
Score
2

Aspiration

Sepsis

Pneumonia

High-risk surgery*®

COrthopaedic spine

Acute abdomen

Cardiac

Aortic wascular

High-risk trauma

Traumatic brain injury

Smaoke inhalation

Mear drowning

Lung contusion

Multiple fractures

Risk modifiers

Alcohol abuse

Obesity (BMI=30)

Hypoalbuminemia

Chemotherapy

FIO; > 0.35 (>4 L/min)

Tachypnoea (RR = 30)

SpOz < 95%

Acidosis (pH = 7.35)

Diabetes mellitus®**

(1) Patient with history of alcohol abuse with septic shock from
pneumonia requiring FIO: = 0.35
Emergency room: sepsis 4+ shock + pneumaonia + alcohol abuse +
FIQ: > 0.35
1+42+15+1+2=75
(Z2) Motor vehicle accident with traumatic brain injury, lung
contusion, and shock reguiring FIO: = 0.35
Traumatic brain injury 4+ lung contusion + shock + FIO: = 0.35
2415+242=75
(3] Patient with history of diabetes mellitus and urosepsis with
shock sepsis + shock + diabetes
l+2-1=2

BMI = body mass index; RR = respiratory rate; SPO; = oxygen saturation by pulse oximetry
*Add 1.5 points in case of emergency surgery
**Only in cases of sepsis




