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OBJECTIVES

1. Review current literature on ventilation strategies during 
VV-ECMO

2. Discuss the current literature in the benefits of 
APRV-TCAV

3.  Review case studies using APRV-TCAV



DISCLOSURE

 Sponsored lectures and workshops
 Intensive Care On-line Network (ICON)
 Draeger
 Hamilton Medical

 ICON employee

 None of the funding organizations or sponsors had any role in the design 
and conduct of any of the data presented; 
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APRV

Voodoo Medicine
or 

Lack of Understanding?
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Lung Protection

J Trauma Acute Care Surg. 
2012 Vol. 73 No. 2



APRV-TCAV when applied early reduces pulmonary edema 
with  a constant airway pressure 

(P High) for > 90% of the duration of the breath  (T High).

Keeping the lungs open, minimizing atelectasis leads to 
decreased inflammatory mediators from being released



<
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J Trauma Acute Care Surg Volume 75, Number 4

CENTER ISS INCIDENCE % MORTALITY 
%

STC ARDS 28.5 1.4 3.9
NATIONAL

ARDS
26.2 13.5 14.2



50 ARDS Patients placed on APRV
• 34 met ECMO criteria based on CESAR Study
• 1 Patient required ECMO



• 138 patients with ARDS who received mechanical ventilation for 
<48 h 

• Patients were randomly assigned to receive APRV    (n = 71) or 
LTV (n = 67).

Day 3 of 
enrollment

APRV LTV 

P/F RATIO 280 180
PaCO2 40.8 42.3
PaO2 116.2 84.8



Crit Care Med 2019 Epub



December 2006



180
PATIENTS

180
PATIENTS

90 
ECMO

90 
ECMO

63%
SURVIVAL

63%
SURVIVAL

90 
CONVENTIONAL

90 
CONVENTIONAL

47%
SURVIVAL

47%
SURVIVAL

68/90 ON ECMO
5 died Prior to 

ECMO
17 did NOT receive 

ECMO

CESAR TRIAL



JAMA. 2009;302(17):1888-1895

Conclusions:
During June to August 2009 in Australia and New Zealand, 
the ICUs at regional referral centers provided mechanical 
ventilation for many patients with 2009 influenza A(H1N1)–
associated respiratory failure, one-third of whom received 
ECMO. These ECMO-treated patients were often young 
adults with severe hypoxemia and had a 21% mortality 
rate at the end of the study period. 



HOW SHOULD WE VENTILATE 
PATIENTS ON VV-ECMO



 “Lung Rest” was first described with ECMO patients by 
Dr. Gattinoni in 1986.

 “Prevent further damage to diseased lung by reducing their 
motion (pulmonary rest)”

 3-5 breaths per minute as a “sigh” breath calling it 
“Low frequency positive pressure ventilation”  LFPPV



LFPPV
 PEEP ranging from 15 to 25 cm H2O.
 Frequency 3 -5 breaths per minutes
 Peak airway pressure limited to 35 to 45 cm H2O
 1 to 2 L/min of oxygen during long expiration



LFPPV

 43 Patients were enrolled

 Lung function improved 
in thirty-one patients 
(72.8%), and 21 patients 
(48.8%) eventually 
survived

JAMA. 1986;256(7):881–886



During ECMO, ventilator settings are gradually reduced to 
allow lung rest
 Peak inspiratory Pressure 20 cm H2O  (PC of 10cm H2O 

above PEEP)
 PEEP 10 cm H2O
 Respiratory Rate 19 breaths per minute
 FIO2 30%









Crit Care Med. 2019 Aug;47(8):1143-1146

 Respiratory Rate of 1-2 BPM or apneic ventilation
 Minimal tidal volume < 4ml/kg/IBW (1-2ml/kg/IBW)
 High PEEP
 Results

 Increase in atelectasis with small tidal volumes and despite High 
PEEP

 High PEEP levels may cause further over distension in the “baby 
lung”

 Reabsorption atelectasis 



How Are We Ventilating ECMO 
Patients







 27% of centers reported having an explicit mechanical ventilation 
protocol for ECMO patients.

 77% reported “lung rest” to be the primary goal of mechanical 
ventilation

 9% reported “lung recruitment” to be their ventilation strategy.

 A tidal volume of 6 ml/kg or less was targeted by 76% of 
respondents, and 58% targeted a positive end-expiratory pressure 
of 6–10 cm H2O while ventilating patients on VV-ECMO.

ATS Volume 11 Number 6| July 2014



CONCLUSION:
We found large variability in ventilatory practices
during ECMO. The clinicians' training background and the
173 centers' experience had no influence on the approach to
ventilation. This survey shows that well conducted studies
are necessary to determine the best practice of mechanical
ventilation during ECMO and its impact on patient outcome.





ARDSnet
Volume Control-Assist Control
 4 – 6 ml/Kg IBW
 high PEEP, low PPLAT < 30 cm H2O
 oxygenation 88 – 95%
 pH 7.30 – 7.40 (permissive hypercapnia)





APRV P High – 35 – 40 cmH2O

T-PEFR/PEFR – 10, 25, 50 and 
75% 

ARDS net - CMV VT 6 ml/kg

PEEP – 5, 10, 16, 20 and 24 
cmH2O



Atelectasis leads to increased neutrophil activation leads to 
release of inflammatory  mediators like cytokines 



TCAV
Time Constant Adaptive Ventilation

APRV
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CPAPAPRV-TCAV



MEAN AIRWAY PRESSURE

The Paw is the average pressure over time

It is the area in the pressure time waveform

Increase PEEP

Increase
P insp.

Increase
Inspiratory time
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Recruitment vs Derecruitment Zones

©ICON

Recruitment Zone Derecruitment Zone

Derecruitment Zone Recruitment Zone



Turning Ventilation Upside Down
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APRV SETTINGS

 P High 

 P Low – PEEP

 T High 

 T Low

 FiO2
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P High 
 Using as Initial Mode Upon Intubation
 Typically 21-24 cmH2O
 Adjust as necessary based on oxygenation and ventilation
 Assess your settings

 Transitioning from a [Pure] Volume Mode
 Set at current plateau pressure
 ( not mean airway pressure)

 Transitioning from a Pressure or Dual Targeted Mode
 Set at current total pressure from pressure mode



PEEP

CPAP

Volume

Pressure
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T High
 4 - 6 seconds for Adults APRV-TCAV as a standard of care mode of 

ventilation

 APRV-TCAV as a rescue, initially match the RR

 APRV-TCAV with ECMO, eventually increase T High to assist 
with recruitment 

 Recruitment takes time



Use of Time to Recruit
Collateral ventilation

Courtesy of Gary Nieman SUNY

Inspiratory Time ~ 1.0 second Inspiratory Time ~ 5.0 seconds



Lung Inflation
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T High & CO2 Removal

ICON Copyright 



AUTO - PEEPT LOW
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T Low

 Controlling “PEEP” with time rather than pressure

Varies from patient to patient
Based on lung volume and thoracic recoil

 Can also vary based on ventilator type



45° Normal



T Low – End Expiratory Lung Volume
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PEEP/T LOW
APRV-TCAV

Based on the assessment of 
the Patient

Based on a Chart 
PEEP/FIO2 Table
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Case Presentation:
A 35-year-old man with respiratory failure required Coronary Artery Bypass Grafting and Mitral 
Valve repair, which led to ARDS. Initial ventilator management utilized lung protective 
strategies including LVt and Lung Rest using pressure-control assist-control ventilation (PC-
AC)vi. 
However, refractory hypoxemia and acidosis led to a cardiorespiratory arrest and Veno-
Venous ECMO was initiated. Day-30 of ECMO and Day-36 of LVt and PC-AC, the patient was 
transitioned to TCAV and liberated from ECMO and full vent support on Day-11 of TCAV.



Conclusion:
Using TCAV to open and stabilize the 
lung early would be paradigm shift in 
the management of patients meeting 
ARDS criteria on ECMO from a 
strategy of ‘Collapsed Lung Rest’ to 
‘Open Lung Rest’, which may 
significantly reduce morbidity and 
mortality in this patient population.



Why aren’t we using APRV-TCAV?



ECMO Patient

 53 year old female involved in a motor vehicle collision

 < 24 hours patient received 14+ liters of fluid and  blood products.



Ventilator Assessment

TIME & 
SETTINGS

APRV

2000

18/0
10/0.5

2300

20/0
10/0.5

RR 6 9

VT 613 524

VE 3.7 3.1

T/P% 75% 60%



P HIGH 
P LOW

T HIGH 
T LOW

18/0 10/0.5
22/0       10/0.5
25/0       10/0.35

What is the right dose of APRV?



APRV Used to Keep the Lungs Open in 
ECMO

UVA is using APRV-TCAV in all their Pediatric VA-
ECMO patients to keep the lungs open 

Ryan Sharkey MS, RRT-ACCS

Pediatric Respiratory Supervisor









DAY 1 DAY 4 DAY 5

Ventilator Mode CMV HFOV APRV

FiO2 100% 100% 50%

Ventilator Settings
Rate 30 
Vt 380 ml
PEEP 24 cmH2O

Hz – 7
Amplitude 90

P High 35 cmH2O
P Low 0 cmH2O
T High 6.0 seconds
T Low 0.7 seconds

Plateau Airway Pressure 39 N/A 35

Mean Airway Pressure 30 37 32

P/F Ratio 53 59 334

ABG 7.13/75/53/25/-6
SpO2 74%

7.29/83/59/40/12 SpO2 
84%

7.53/42/167/35/12/SpO2 
100%

Adjunctive Therapies Nitric Oxide Nitric Oxide
Prone Positioning None

Chest X-Ray
Near complete opacification of right 
hemithorax; worsening diffuse bilateral 
infiltrates

Complete atelectasis of 
right upper lobe; patchy 
infiltrates

Lung bases clear; 
significant improvement 
with no pleural effusion 

Heart Rate 99 99 95

Blood Pressure 115/75 105/78 131/80



SUMMARY

Benefits of APRV 
Same amount of  Plateau Pressure from previous mode 

creates higher mean airway pressure
Using Long Inspiratory Time to help recruitment
Personalizing the T Low setting to the patient 



More Research 



www.aprvnetwork.org



Maria.madden@som.umaryland.edu

THANK YOU!


