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We all know where this came from



ARDSnet 6ml/kg Trial

• The experimental group (6 ml/kg) demonstrated a 31% mortality versus a 
40% in 12 ml/kg group

• Breathing without assistance after 28 days was higher (65.7%) versus 
(55%)

• Number of days without failure of nonpulmonary organs was higher (15) 
versus (11)

• The Acute Respiratory Distress Syndrome Network. (2000). Ventilation with lower tidal volumes as compared with 
traditional tidal volumes for acute lung injury and the acute respiratory distress syndrome. New England Journal 
of Medicine, 342(18), 1301-1308.



Demographics of the study

Low VT Traditional VT

Age (yr) 51 ± 17 52 ± 18

Female (%) 40 41

Race

White 75 71

Black 16 19

Hispanic 5 7

Other or unknown 4 3

APACHE III score 81 ± 28 84 ± 28

PaO2/FiO2 138 ± 64 134 ± 58

The Acute Respiratory Distress Syndrome Network. (2000). Ventilation 

with lower tidal volumes as compared with traditional tidal volumes for 

acute lung injury and the acute respiratory distress syndrome. New 

England Journal of Medicine, 342(18), 1301-1308.



Demographics of the study

Low VT Traditional VT

Minute Volumes 13.4 ± 4.3 12.7 ± 4.3

Lung Injury (%)

Pneumonia 33 36

Sepsis 27 26

Aspiration 15 14

Trauma 13 9

Other Causes 10 11

Multiple transfusions 2 3

The Acute Respiratory Distress Syndrome Network. (2000). Ventilation 

with lower tidal volumes as compared with traditional tidal volumes for 

acute lung injury and the acute respiratory distress syndrome. New 

England Journal of Medicine, 342(18), 1301-1308.



Patients were excluded if:

• they were younger than 18 years of age

• they had participated in other trials within 30 days 
before the first three criteria were met

• they were pregnant

• they had increased intracranial pressure, neuromuscular 
disease, sickle cell disease, or severe chronic respiratory 
disease



Patients were excluded if:

• they weighed more than 1 kg per centimeter of height

• they had burns over more than 30 percent of their body-
surface area

• they had other conditions with an estimated 6-month 
mortality rate of more than 50 percent 

• they had undergone bone marrow or lung transplantation

• they had chronic liver disease







Was 12 ml/Kg Traditional?

• Study found that 24 hospitals and 74 medical and surgical ICU’s of 
the ARDS Network between 1996-1999 used an: 

average VT of 10.3 ml/kg

Thompson et al. 2001. Chest



So was 6ml/kg good or was 12/ml kg bad?

• Stewart et al. 1998 – Vt's of 7.2ml/kg vs 10.8 ml/kg. PIP's were 
23.6 cmH2O vs 34 cmH2O (all means of Vt and PIP's)
• Mortality 30% vs 28% pvalue of 0.72

• Brochard et al. 1998 – Vt's of 7.2 ml/kg vs 10.6 ml/kg. Ppl were 25 
cmh2O vs 32 cmH2O
• we found that a deliberate reduction in tidal volume to achieve an end-

inspiratory plateau pressure around 25 cm H2O did not appear to have a 
significant impact on morbidity and mortality, as compared with a more 
conventional ventilatory strategy where normocapnia was achieved with 
tidal volumes in the range of 10 to 11 ml/kg and plateau pressures already 
below 35 cm H2O.



So was 6ml/kg good or was 12/ml kg bad?

• Brower et al. 1999 – 7.3 ml/kg vs 10.2 ml/kg. Ppl were 24.9 cmH2O vs 
30.6.
• Similar PEEP table as ARDSnet

• No encouraging trends with small tidal volumes in the proportion of patients 
who achieved reversal of respiratory failure (RRF), time to RRF, or mortality 
before hospital discharge

• Amato et al. 1998 – 6ml/kg vs 12 ml/kg.
• They used drastically different PEEPs', 16 cmH2O on the low VT group and 9 

cmH2O in the high Vt group. Ppl's were 30 cmH2O vs 37 cmH2O. This one did 
show a difference in outcomes. But I ask, was the lung protective arm of the 
study good or was the "conventional" arm bad?



• ICU Mortality 34%, similar to ARDSnet

• Average Vt’s 7.6 ml/kg

• Average PEEP 8.4 cmH2O

• JAMA. 2016;315(8):788-800.



Is 6ml/Kg Magical?



ARDS Mortality

•Almost every “new” strategy 
over the past 20 years for ARDS 
produces a mortality of 30-40%



Mortality for ARDS LTV groups in the 2000’s

Study ARDSnet LOV EXPRESS ALIEN OSCAR OSCILLATE

Year 2000 2008 2008 2011 2012 2012

Mortality 31% 40.4% 31.2% 47% 41% 35%





Why do we only look at VT?

• Does it have to be 6ml/kg?

A forgotten 

part about 

ARDSnet



• Looked at 3562 patients from 9 different studies

• Individual changes in VT or PEEP after randomization were not 
independently associated with survival; they were associated only 
if they were among the changes that led to reductions in ΔP

N Engl J Med 2015;372:747-55



N Engl J Med 2015;372:747-55



Does it have to be 6ml/kg to be
Lung Protective Ventilation?

• Limiting Vt to 4-8ml/kg

• Applying moderate to high levels of PEEP

• Plateau pressures to <30 cmH2O

• Driving pressures <15-18 cmh2O 

Villar, Blanco, Kacmarek (2016) Curr Opin Crit Care 22:1-6

Petrucci, De Feo (2013) Cochrane Database of Systematic Reviews. Issue 2

Amato et al. (2015) NEJM; 372:747-55



How Much PEEP?



How Much PEEP?

• Pflex plus 1 

Current Opinion in Critical 

Care 11(1):18-28 · March 2005

https://www.researchgate.net/journal/1070-5295_Current_Opinion_in_Critical_Care


How much PEEP?

• Decremental PEEP

• Following the lung-recruitment maneuver, PEEP was set at 20 cm H2O 
and then the FIO2 was decreased until the oxygen saturation 
(measured via pulse oximetry [SpO2]) was 90–94%. PEEP was then 
decreased in 2-cm H2O steps until the SpO2 dropped below 90%.

• Girgis, Hamed, Khater, Kacemarek. Respir Care 2006;51(10):1132–1139



How much PEEP?

• Setting PEEP based on best Cs (Optimal PEEP)

• Based on best PaO2 without decreasing CO (Best PEEP)

• Based on trans pulmonary pressure

• Based on….



What do all these 
PEEP strategies 
have in common?



• No changes in mortality

• Only improvements in Oxygenation

• Could make a connection between 
delta p study and best Cs, but no 
data to support. 



Summary and Recommendations: PEEP

1. PEEP should be selected as a balance between alveolar recruitment and 
overdistention. 

2. PEEP of <5 cm H2O is probably harmful early in the course of ARDS. 

3. Randomized controlled trials have failed to show a survival benefit for the use of 
higher versus lower levels of PEEP. 

4. Post hoc analysis of randomized controlled trials and a strong physiologic rationale 
support lower levels of PEEP for mild ARDS and higher levels of PEEP for moderate 
and severe ARDS: 5–10 cm H2O in mild ARDS, 10–15 cm H2O in moderate ARDS, and 
15– 20 cm H2O in severe ARDS.

5. Evidence is not currently available to suggest that one approach to setting PEEP 
leads to better outcomes than other approaches. 

6. In many hospitals, the PEEP/FIO2 tables of the ARDS Network or best compliance 
can be used for PEEP selection; advanced methods, such as stress index, 
esophageal manometry, ultrasound, and electrical impedance tomography, can be 
used in hospitals with the necessary equipment and expertise. 





Personalize

• FiO2 requirements

• CXR changes

• Compliance changes

• WOB changes

• Total PEEP Changes

• Ppl changes



What about Recruitment Maneuvers? I like 
those

• 20 cmH2O of CPAP for 20 sec

• 40 cmH2O of CPAP for 40 sec

• 20 of PEEP with 20 of PC, 1:1 I:E ratio for 3 min

• Open Lung tool on Hamilton or Servoi



Summary and Recommendations: 
Recruitment Maneuvers 

1. Evidence is lacking that the use of recruitment maneuvers improves 
patient outcomes.

2. Alveolar recruitment is desirable if it can be achieved safely, but there 
is variable potential for recruitment among patients with ARDS. 

3. A stepwise recruitment maneuver is preferred over sustained inflation. 

4. Complications of recruitment such as hypotension and desaturation are 
common but temporary; complications such as barotrauma appear to 
be rare. 

5. If a recruitment maneuver is effective, sufficient PEEP is necessary to 
maintain the recruitment. 

6. Evidence is not sufficient to recommend the routine use of recruitment 
maneuvers as standard practice.

Hess. Respir Care 2015;60(11):1688–1704



Does Mode Make a Difference?





Does Mode Make a Difference?

• Adjust mode to fit patient 
needs. 

• Know the advantages and 
disadvantages of the modes 
and how they interact with the 
patient. 



PRVC Example

• Patient presents with increased WOB, accessory muscle use, and high 
FiO2 requirements.

• Mode: PRVC (APV, VC-AC with autoflow, PC-AC with VG, VC+)

• Settings: VT 450 ml (6ml/kg), RR 20, PEEP 12 cmH2O, IT 1 sec, FiO2 95%. 

• Measurements: PIP 16 cmH2O, Ppl unable, actual rate 30, SpO2 89%, VT 
exhaled 550 ml. 



PRVC Example

• Patient wanting a higher VT than what is set, so 
• Vent decreases PIP to target lower VT

• Results in an increase in WOB

• Results in a decrease Mean AW pressure

• All resulting in low SpO2

• Vent is doing on what we asked it to do, but it is all wrong for this 
patient. 





PRVC Example

• So what do we do?

• Option 1 – sedate and paralyze the patient

• Option 2 – get them out of a volume targeted mode



I thought the trend was to NOT paralyze 
patients



• Short term infusion (48 hours) of paralytic reduces mortality of 
ARDS patients, and lowers risk of barotrauma

• No change in length of mechanical ventilation or ICU acquired 
weakness



Ok, so is proning making a come back too? 





Proning

• Ventilation in the prone position is recommended for the first 
week in moderate to severe ARDS patients

• A total of 237 patients were assigned to the prone group, and 229 
patients were assigned to the supine group. The 28-day mortality 
was 16.0% in the prone group and 32.8% in the supine group 
(P<0.001).



• survival is enhanced when patients are managed with 
• a smaller tidal volume (≤8 mL/kg)

• higher PEEP (10–13 cm H2O)

• and longer duration of PP sessions (>10–12 h/session).

• Respir Care 2015;60(11):1660–1687



Proning Problems

• The incidence of complications did not differ significantly between 
the groups, except for the incidence of cardiac arrests, which was 
higher in the supine group.

• Multiple studies have reported an increased risk of pressure ulcers in 
the prone group

• Taccone et al 2009 reported an increased rate of airway obstruction, 
transient desaturation, vomiting, increased vasopressor needs, loss 
of venous access, displacement of endotracheal tubes, and the need 
for increased neuromuscular blockers with prone positioning



Wasn’t this a presentation about VT?



ARDSnet and other studies

• Recommendation is 4-8 ml/kg of _____?

• IBW or PBW? 



How do you determine height?

• Count tiles on the floor?

• Carry a measuring tape?

• Ask relatives?

• Bring a Carnie to work day?



A PRELIMINARY COMPARISON OF DELIVERED TIDAL VOLUME AND ARDSNET
RECOMMENDED TIDAL VOLUME AS DETERMINED BY IDEAL BODY WEIGHT IN 
MECHANICALLY VENTILATED PATIENTS

Susan R. Whiddon, Randall Baker, Christen Adcock, Amanda Hadden, Robin Smith; Respiratory 
Therapy, Medical College of Georgia, Augusta, GA

• found that 40% of the patients were ventilated at tidal volumes of 

> 6ml/kg IBW, and 10% of the patients were being ventilated at tidal 
volumes of <6ml/kg



A COMPARISON BETWEEN PATIENTS HEIGHTS RECORDED IN THE 
ELECTRONIC MEDICAL RECORD AND THE PATIENTS ACTUAL MEASURED 
HEIGHTS: THE IMPACT ON THE SETTING OF TIDAL VOLUME

Donald L. Bellerive, Scott Kopec, Rachel Carragher, Luanne Hills, Scott Leonard, Earl Dyer, 
Pam Leclaire, Larry Owens, Paul Alger, Patrick Dowd, Sharon Pare, Patricia Lemire, Thomas 
Canedy, Darlene Levasseur, Thomas Collins, Kathy McLane, Debbie Hendrickson; Respiratory 
Care, UMass Memorial Health Care, Worcester, MA

• Heights recorded in the patient’s record are inaccurate nearly 
80% of the time.

• Recorded heights tend to be higher than actual heights leading 
to the use of larger than required tidal volumes. These larger 
tidal volumes based on inaccurately recorded heights can 
potentially result in worsening acute lung injury and a higher 
mortality in patients with ARDS or ALI



ASSESSING METHODS FOR ESTIMATING HEIGHT IN RECUMBENT ADULTS

Randall Baker, Susan R. Whiddon, Simmons Catherine, Aleksandr Gulchuk, 

Verna-Virginia Lehockey; Respiratory Therapy, Medical College of Georgia, 

Augusta, GA

Forearm Length demonstrated the least bias regardless of patient’s position or 

gender and may be ideal method for estimating height and calculating ideal body 

weight in the 



• In comparison with the reference method, estimating the height 
visually and using the tape measure were less accurate than both 
lower leg and forearm measurement methods

• Respir Care 2014;59(7):1025–1033.



Men (<65 years) 76.38 75.98 75.2 74.41 73.62 72.84 72.44 71.65 70.87 70.08 69.29 68.9 68.11 67.32

Men (>65 years) 73.62 73.22 72.44 71.65 71.26 70.47 70.08 69.29 68.9 68.11 67.32 66.93 66.14 65.75

Ulna length (cm) 32 31.5 31 30.5 30 29.5 29 28.5 28 27.5 27 26.5 26 25.5

Women (<65 years) 72.44 72.05 71.65 70.87 70.47 69.69 69.29 68.9 68.11 67.72 66.93 66.54 66.14 65.35

Women (>65 years) 72.44 72.05 71.65 70.47 70.08 69.29 68.9 68.11 67.32 66.93 66.14 65.35 64.96 64.17

Men (<65 years) 66.54 65.75 65.35 64.57 63.78 62.99 62.21 61.81 61.02 60.24 59.45 58.66 58.27 57.48

Men (>65 years) 64.96 64.17 63.78 62.99 62.6 61.81 61.45 60.63 59.84 59.45 58.66 58.27 57.48 57.09

Ulna length (cm) 25 24.5 24 23.5 23 22.5 22 21.5 21 20.5 20 19.5 19 18.5

Women (<65 years) 64.96 64.17 63.78 63.39 62.6 62.21 61.45 61.02 60.63 59.84 59.45 59.06 58.27 57.87

Women (>65 years) 63.39 62.99 62.21 61.45 61.02 60.24 59.84 59.06 58.27 57.87 57.09 56.69 55.91 55.12

How to obtain ulna length
1) Ask subject to bend an arm  (left side if possible), palm across chest, fingers pointing to opposite shoulder.

     elbow and the mid-point of the prominent bone of the wrist

3) Use table above to convert ulna length (cm) to height (in)
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Height Estimation from Ulna Length

2) Using tape measure, measure the length in centimeters (cm) to the neasrest 0.5 cm between the point of the



Summary

1. 6ml/kg is NOT magical
• 4-8ml/kg is the general recommendation for VT

• Need to use ulnar length to assess patient height

2. Monitor Ppl and total PEEP
• Keep delta P’s under 15 cmH2O

3. Tirelessly assess your patient for ARDS. Recognition and action is 
key. 



Summary

1. Personalize your PEEP strategy for the patient

2. Personalize the mode for the patient

3. Neuromuscular blockages for the first 48 hours is recommended

4. Proning for moderate to severe ARDS is recommended

5. A knowledgeable bedside clinician makes the biggest difference!




