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Massive Hat Tip
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• Probably use the same strategies for kids

• Ventilation of the Injured Lung
– Used this strategy for non injured lungs

• Ventilation of the Obstructive Lung

• Maybe one more  - Adaptive Supportive Solution 
- ASV

Only 2 strategies in ED for Adults
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EVP for Ventilation

LITFL 2024
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≈
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• 6-8 ml kg (7ml/kg) rather than 10mls/kg

• Less damage

• No increase use of sedation or vasopressors

• Not higher PEEP or FiO2

• Less likely to develop ARDS from the start

Low Tidal Volumes
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Low Volumes for All

Determann et al. Critical Care 2010, 14:R1
http://ccforum.com/content/14/1/R1
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lator-associated lung injury in patients with acute lung
injury (ALI) or its more-severe form, acute respiratory
distress syndrome (ARDS), by showing reduced morbid-
ity and mortality in the lower tidal-volume arm [3-6]. As
a result of these studies, current guidelines now clearly
support the use of lower tidal volume in patients with
ALI/ARDS [7]. In contrast, little evidence supports the
use of lower tidal volume in critically ill patients without
ALI/ARDS, partly because of a lack of randomized con-
trolled trial evidence on the best ventilator strategies in
these patients [8].

Pneumonia, aspiration, sepsis, trauma, shock, and mul-
tiple blood transfusions are well-described risk factors for
ALI/ARDS [9]. Animal studies demonstrate that mechan-
ical ventilation with conventional tidal volume not only
may aggravate, but also may initiate lung injury [1,2]. The
role of tidal-volume size as a contributor to the develop-
ment of lung injury in humans is, however, less clear. One
study on reduced tidal volume and pressure settings did
not show a reduction in mortality but suggested more
side effects of lower tidal-volume ventilation in patients
at high risk for ALI/ARDS [10]. Conversely, pulmonary
procoagulant changes and increased systemic cytokine
production were observed in patients without preexisting
lung injury receiving conventional-tidal-volume mechan-
ical ventilation during surgery [11,12].

Other studies have challenged these findings [13,14].
Results from cohort studies suggest that mechanical ven-
tilation with conventional tidal volumes may cause or
contribute to development of lung injury in critically ill
patients who did not have ALI/ARDS at the onset of
mechanical ventilation [15,16]. The inconclusive results
from the studies in surgical patients may arise from the
fact that these patients were ventilated for only a short
period, whereas the patients of the larger cohort studies
were critically ill patients who had been ventilated for a
longer period.

As ALI/ARDS is characterized by a profound produc-
tion of inflammatory mediators, it might be expected that
if conventional tidal volumes contribute to development
of lung injury, the injury also may be associated with
increased production of cytokines. We therefore con-
ducted a trial to determine whether mechanical ventila-
tion with conventional or lower tidal volume would be
associated with different cytokine patterns in the lungs
and the plasma of critically ill patients without ALI at
onset of mechanical ventilation. Secondary end points
were development of lung injury, duration of mechanical
ventilation, and mortality.

Materials and methods

Participants
From January 2005 until December 2007 patients were
recruited in the intensive care departments of one aca-
demic and one regional teaching hospital in the Nether-
lands. The academic ICU is a 28-bed "closed format"
department where medical/surgical patients (including
neurosurgery/neurology, cardiothoracic surgery, and car-
diology patients) were under the direct care of the ICU
team. The ICU team comprised 10 full-time ICU physi-
cians, eight subspecialty fellows, 12 residents, and occa-
sionally one intern. The regional teaching ICU is an eight-
bed "open format" department with medical/surgical
patients (not including neurosurgery and cardiothoracic
surgery patients). The ICU team comprised three full-
time ICU physicians, five physicians who participate in
evening and night shifts, and one resident. The two ICUs
had similar standards of practice in terms of mechanical-
ventilation and sedation protocols.

Patients were eligible for the study if they did not meet
the consensus criteria for ALI/ARDS [17] and needed
mechanical ventilation for an anticipated duration of
more than 72 hours. Patients had to be randomized less
than 36 hours after the onset of mechanical ventilation.
Exclusion criteria were age younger than 18 years, partic-
ipation in other clinical trials, pregnancy, increased
uncontrollable intracranial pressure, chronic obstructive
pulmonary disease (defined as a forced expiratory volume
in 1 second to a forced vital capacity ratio less than 0.64
and daily medication), restrictive pulmonary disease (evi-
dence of chronic interstitial infiltration on chest radio-
graph), use of immunosuppressive agents (100 mg
hydrocortisone per day was allowed), pulmonary throm-
boembolism, previous pneumectomy or lobectomy, and
previous randomization in this study. Randomization was
performed by using sealed opaque envelopes in blocks of
50 patients. Each study center had its own randomization
block. The protocol was approved by the medical ethics
committees of both hospitals, and written informed con-
sent was obtained from the patient or closest relatives
before entry in the study. All procedures were done in
compliance with the Helsinki declaration.

Interventions
The volume-controlled mode was used for mechanical
ventilation. To calculate tidal volume, predicted body
weight was used, as described [3]. The target tidal volume
in the conventional group was 10 ml/kg of predicted body
weight, which was routine practice at the time of the con-
duct of the study. Patients from the intervention group
were ventilated at tidal volumes of 6 ml/kg of predicted
body weight. In case patients were randomized to 6 ml/
kg, the attending physician was allowed to increase tidal-
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“Injured Lungs are Baby Lungs”

Smaller amount of lungs available for gaseous exchange
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Vt = Protection
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60ml/kg/min
Intubation

120ml/kg/min
Dead Space

70kg x 120ml = 8400ml/min
8400/500ml(7ml/kg) = 17 bpm

Adjust from Blood Gas

Respiratory Rate
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RR = Ventilation 

12



www.thinkasklearn.com.au

5

• Start at 100%
• Wait 5 mins then ABG
• Drop to 40%  - No titration
• Then use PEEP scale to titrate their 

Saturations

FiO2/PEEP

 
 
 
 
 
 
 
 
 
 
 
 
 
 
INCLUSION CRITERIA: Acute onset of 
1. PaO2/FiO2 d 300 (corrected for altitude) 
2. Bilateral (patchy, diffuse, or homogeneous) infiltrates consistent with 

pulmonary edema 
3. No clinical evidence of left atrial hypertension 
 
PART I: VENTILATOR SETUP AND ADJUSTMENT 
1. Calculate predicted body weight (PBW) 

Males = 50 + 2.3 [height (inches) - 60] 
Females = 45.5 + 2.3 [height (inches) -60] 

2. Select any ventilator mode 
3. Set ventilator settings to achieve initial VT = 8 ml/kg PBW 
4. Reduce VT by 1 ml/kg at intervals d 2 hours until VT = 6ml/kg PBW. 
5. Set initial rate to approximate baseline minute ventilation (not > 35 

bpm). 
6. Adjust VT and RR to achieve pH and plateau pressure goals below. 
 
 
 
 

     AARRDDSSnnee tt  OXYGENATION GOAL: PaO2 55-80 mmHg or SpO2 88-95% 
Use a minimum PEEP of 5 cm H2O. Consider use of incremental FiO2/PEEP 
combinations such as shown below (not required) to achieve goal.  
 
Lower PEEP/higher FiO2 

 

FiO2 0.3 0.4 0.4 0.5 0.5 0.6 0.7 0.7 
PEEP 5 5 8 8 10 10 10 12 
 

NIH NHLBI ARDS Clinical Network FiO2 0.7 0.8 0.9 0.9 0.9 1.0 
PEEP 14 14 14 16 18 18-24 Mechanical Ventilation Protocol Summary 
 
Higher PEEP/lower FiO2 
FiO2 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.5 
PEEP 5 8 10 12 14 14 16 16 
 
FiO2 0.5 0.5-0.8 0.8 0.9 1.0 1.0 
PEEP 18 20 22 22 22 24 
 
 
__________________________________________________________ 
PLATEAU PRESSURE GOAL: d 30 cm H2O 
Check Pplat (0.5 second inspiratory pause), at least q 4h and after each 
change in PEEP or VT. 
If Pplat > 30 cm H2O: decrease VT by 1ml/kg steps (minimum = 4 
ml/kg). 
If Pplat < 25 cm H2O and VT< 6 ml/kg, increase VT by 1 ml/kg until 
Pplat > 25 cm H2O or VT = 6 ml/kg. 
If Pplat < 30 and breath stacking or dys-synchrony occurs: may 
increase VT in 1ml/kg increments to 7 or 8 ml/kg if Pplat remains < 30 cm 
H2O. 
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Aim for 90-95%
 
 
 
 
 
 
 
 
 
 
 
 
 
 
INCLUSION CRITERIA: Acute onset of 
1. PaO2/FiO2 d 300 (corrected for altitude) 
2. Bilateral (patchy, diffuse, or homogeneous) infiltrates consistent with 

pulmonary edema 
3. No clinical evidence of left atrial hypertension 
 
PART I: VENTILATOR SETUP AND ADJUSTMENT 
1. Calculate predicted body weight (PBW) 

Males = 50 + 2.3 [height (inches) - 60] 
Females = 45.5 + 2.3 [height (inches) -60] 

2. Select any ventilator mode 
3. Set ventilator settings to achieve initial VT = 8 ml/kg PBW 
4. Reduce VT by 1 ml/kg at intervals d 2 hours until VT = 6ml/kg PBW. 
5. Set initial rate to approximate baseline minute ventilation (not > 35 

bpm). 
6. Adjust VT and RR to achieve pH and plateau pressure goals below. 
 
 
 
 

     AARRDDSSnnee tt  OXYGENATION GOAL: PaO2 55-80 mmHg or SpO2 88-95% 
Use a minimum PEEP of 5 cm H2O. Consider use of incremental FiO2/PEEP 
combinations such as shown below (not required) to achieve goal.  
 
Lower PEEP/higher FiO2 

 

FiO2 0.3 0.4 0.4 0.5 0.5 0.6 0.7 0.7 
PEEP 5 5 8 8 10 10 10 12 
 

NIH NHLBI ARDS Clinical Network FiO2 0.7 0.8 0.9 0.9 0.9 1.0 
PEEP 14 14 14 16 18 18-24 Mechanical Ventilation Protocol Summary 
 
Higher PEEP/lower FiO2 
FiO2 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.5 
PEEP 5 8 10 12 14 14 16 16 
 
FiO2 0.5 0.5-0.8 0.8 0.9 1.0 1.0 
PEEP 18 20 22 22 22 24 
 
 
__________________________________________________________ 
PLATEAU PRESSURE GOAL: d 30 cm H2O 
Check Pplat (0.5 second inspiratory pause), at least q 4h and after each 
change in PEEP or VT. 
If Pplat > 30 cm H2O: decrease VT by 1ml/kg steps (minimum = 4 
ml/kg). 
If Pplat < 25 cm H2O and VT< 6 ml/kg, increase VT by 1 ml/kg until 
Pplat > 25 cm H2O or VT = 6 ml/kg. 
If Pplat < 30 and breath stacking or dys-synchrony occurs: may 
increase VT in 1ml/kg increments to 7 or 8 ml/kg if Pplat remains < 30 cm 
H2O. 
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• Causes Pneumothorax 
• Raise ICP

Myths of PEEP
 
 
 
 
 
 
 
 
 
 
 
 
 
 
INCLUSION CRITERIA: Acute onset of 
1. PaO2/FiO2 d 300 (corrected for altitude) 
2. Bilateral (patchy, diffuse, or homogeneous) infiltrates consistent with 

pulmonary edema 
3. No clinical evidence of left atrial hypertension 
 
PART I: VENTILATOR SETUP AND ADJUSTMENT 
1. Calculate predicted body weight (PBW) 

Males = 50 + 2.3 [height (inches) - 60] 
Females = 45.5 + 2.3 [height (inches) -60] 

2. Select any ventilator mode 
3. Set ventilator settings to achieve initial VT = 8 ml/kg PBW 
4. Reduce VT by 1 ml/kg at intervals d 2 hours until VT = 6ml/kg PBW. 
5. Set initial rate to approximate baseline minute ventilation (not > 35 

bpm). 
6. Adjust VT and RR to achieve pH and plateau pressure goals below. 
 
 
 
 

     AARRDDSSnnee tt  OXYGENATION GOAL: PaO2 55-80 mmHg or SpO2 88-95% 
Use a minimum PEEP of 5 cm H2O. Consider use of incremental FiO2/PEEP 
combinations such as shown below (not required) to achieve goal.  
 
Lower PEEP/higher FiO2 

 

FiO2 0.3 0.4 0.4 0.5 0.5 0.6 0.7 0.7 
PEEP 5 5 8 8 10 10 10 12 
 

NIH NHLBI ARDS Clinical Network FiO2 0.7 0.8 0.9 0.9 0.9 1.0 
PEEP 14 14 14 16 18 18-24 Mechanical Ventilation Protocol Summary 
 
Higher PEEP/lower FiO2 
FiO2 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.5 
PEEP 5 8 10 12 14 14 16 16 
 
FiO2 0.5 0.5-0.8 0.8 0.9 1.0 1.0 
PEEP 18 20 22 22 22 24 
 
 
__________________________________________________________ 
PLATEAU PRESSURE GOAL: d 30 cm H2O 
Check Pplat (0.5 second inspiratory pause), at least q 4h and after each 
change in PEEP or VT. 
If Pplat > 30 cm H2O: decrease VT by 1ml/kg steps (minimum = 4 
ml/kg). 
If Pplat < 25 cm H2O and VT< 6 ml/kg, increase VT by 1 ml/kg until 
Pplat > 25 cm H2O or VT = 6 ml/kg. 
If Pplat < 30 and breath stacking or dys-synchrony occurs: may 
increase VT in 1ml/kg increments to 7 or 8 ml/kg if Pplat remains < 30 cm 
H2O. 
 
 

ARDS Net
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PEEP/FiO2 = 
Oxygenation
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Ventilator Related Pneumothorax

• Plateau pressure – Alveoli are safe from barotrauma
• Peak pressure means nothing
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• Plateau pressure keep at 30cmH20

• Find inspiratory hold button

• Measure every 20 mins or so

• Over 30cmH20 alveoli at risk

• At risk - Not protected

Plateau Pressure
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Vt = Protection
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≈
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• Asthma/COPD patients
• Goal:

Give patient time to breathe out

Type II Respiratory Failure
 Ventilator Failure

Obstructive Strategy
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• TV = 6-8ml/kg
• FiO2 = .4 – 1.0  Keep Sats >90%
– Not really a oxygenation problem

• PEEP = ZEEP- Zero PEEP
–Maybe a little benefit 5cmH2O PEEP

• RR = Set Low 10bpm
– RR is Protective

Settings
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RR = Protection
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• Inspiration : Expiration Ratio

• Normal – ~1:2

• Getting air out  is important

• Looking for 1:4 or 1:5

IE Ratio

24
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Permissive 
Hypercapnia
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Air Trapping & AutoPEEP

Decrease RR
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• Hamilton Product – Others on market
• Closed loop system
• Automated lung protective strategies
• Set Minute Ventilation only
• Machine adjust to patients needs
• Applied on breath by breath basis
• Changes rate and tidal volumes as per 

compliance

Adaptive Supportive Ventilation
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• Know the 2 strategies well

• INJURED LUNG or about to be

• OBSTRUCTIVE LUNG

Conclusion
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The difficult to ventilate patient
You are caring for a 26 year 
old asthmatic that had a 
respiratory arrest and was 
intubated on scene?
Explain how this patient is 
likely to be ventilated?
How does PEEP work in this 
situation?
What can you do if they go 
into cardiac arrest?

29

Difficult to Ventilate
You are caring for a 26yo 
trauma patient who 
becomes extremely 
difficult to ventilate
What is the likely cause?
What are the clinical 
signs?
What is your immediate 
intervention(s)?

30
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Ahhh the head injury!!!

You are caring for a 26 yo 
isolated head injury that is 
intubated and ventilated 12 x 
500 5cm PEEP
Suddenly the patient is biting 
on the tube and you notice 
the following parameters
ETCO2 -  55, P 136 BP 86/42
How do you treat this and 
why?

31

OH no – not again
• 65 Male with COVID
• Worsening SOB over 2/7
• Intubated in ED/Waiting for 

ICU - 8 hrs
• TV 500
• RR 14
• Sats 87%
• FiO2 -  .4
• PEEP 5 cmH20
• Paw 22 cmH20
• CO2 - 51
• PPlat 25
• What would you change?

Case courtesy of M oham m ad Al-Tibi, Radiopaedia.org, rID: 75305
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