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OBJECTIVES

1. Review APRV settings and their rationale of the TCAV 
method

2. Review current literature supporting APRV-TCAV

3. Briefly discuss weaning from TCAV Method



ARDSnet
VA-AC



THE SHOCK TRAUMA WAY

HABASHI 

METHOD

TCAV



APRV



Guidelines created after years of trying 

various APRV  combinations.

T Low Updates since this article

Has anyone else written APRV 

guidelines?
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APRV History

➢APRV first described in 1987 by Dr. 
Stock and Dr. Downs

➢APRV first made available on a 
commercial ventilator in 1987

➢Some form of APRV is now available 
on almost all ICU ventilators

➢APRV Guidelines developed by Dr. 
Habashi



9

APRV ALSO KNOWN AS ….

➢APRV - Drager

➢BiVent - Maquet

➢BiLevel - Puritan Bennet 

➢APRV - Hamilton 

➢APRV/Biphasic - Viasys
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J Trauma Acute Care Surg. 
2012 Vol. 73 No. 2

Shock 2013 39(1):28-38



APRV-TCAV when applied early reduces the 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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SUNY UPSTATE

➢Highly translational 48 hour porcine model with ~40 kg pigs

➢Sepsis, ischemia/reperfusion injury

➢Animals were all ventilated with conventional ventilation during the 
operative procedure

➢For subsequent 48 hours, transitioned to either non-protective 
ventilation [NPV] (10 ml/kg and PEEP 5), ARDSnet (low tidal volume 
strategy) or APRV

➢All APRV animals maintained a PF ratio >300 throughout the entire 
experiment while on FiO2 21% while all in the NPV and ARDSnet groups 
developed ARDS within 48 hours  
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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



• 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





50 patients placed on APRV
• 34 met ECMO criteria based on 

CESAR study
• 1 required ECMO

Why aren’t we using APRV-TCAV before V V ECMO for ARDS?



Crit Care Med 2019 Epub



Rescue therapy in increasing hypoxemia severity. 

Francesco Alessandri et al. Respir Care 2018;63:92-101

(c) 2012 by Daedalus Enterprises, Inc.

APRV-TCAV
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©ICON

Recruitment Zone
Derecruitment Zone

Derecruitment Zone Recruitment Zone



23

Contraindications for APRV

•Unfamiliarity 

•Knowledge Deficit
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APRV SETTINGS

➢P High 

➢P Low – PEEP

➢T High 

➢T Low

➢FiO2

➢Slope/Rise Time
➢ATC/PS
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SLOPE/RISE TIME

➢Slope typically set to 0 seconds to maximize inspiratory 
time

➢May need to increase with smaller artificial airway
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P High 

➢P High Goal

➢ enough pressure to open lung but not over-
distend

➢ Between FRC and TLC
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P High (Adult

➢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



➢Mean Airway pressure in APRV usually ~3 cm H2O below P High

➢Adequate vascular volume is important to maintain adequate 
perfusion through the lungs

➢How to asses vascular status

➢Passive Leg Raise

➢Liver compression

➢Trendelenburg

➢Increase PEEP 

➢APRV creates a high mean airway pressure
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P Low

➢ P Low set at 0 cmH2O 

➢When using a P Low of 0 MUST have T Low set appropriately

➢Decreases expiratory resistance

➢Controlling end expiratory lung volume with time rather than pressure

➢ P Low also known as PEEP on some ventilators

➢We are creating PEEP based on the patient’s chart not 
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Comparing Driving Pressures in Airway Pressure 
Release 

Ventilation in Trauma Intensive Care Unit Patients
Penny Andrews1, Maria Madden1, Josh Satalin2, Gary Nieman2, Nader 

Habashi1

After collecting ΔP measurements on 200 trauma subjects, the 
data was divided among the four categories of ventilator modes: 

1) Volume Control (VC)

2) Pressure Control (PC) 

3) Airway Pressure Release Ventilation (APRV) using the Time 
Controlled Adaptive Ventilation (TCAV) Method



Comparing Driving Pressures in Airway Pressure Release 

Ventilation in Trauma Intensive Care Unit Patients

Penny Andrews1, Maria Madden1, Josh Satalin2, Gary Nieman2, Nader Habashi1

BACKGROUND METHODS & MATERIALS CONCLUSION

DISCLOSURE

This was an observational, prospective study approved by

the University of Maryland Medical Center (UMMC) R

Adams Cowley Shock Trauma Center (STC) Institutional

Review Boards (IRBs). Patients were screened and data

was collected on 200 patients receiving mechanical

ventilation at the UMMC-STC in the intensive care units

(ICUs) including the multi-trauma ICU, neuro-trauma ICU ,

critical care resuscitation unit (CCRU) and the lung

recovery unit (LRU). Eligibility criteria were: 1) patients 18

years or older, 2) receiving mechanical ventilation with an

artificial airway, and 3) not spontaneously breathing [for

reasons that included clinical and/or pharmacological

intervention with neuromuscular blocking agents, deep

sedation or post-operatively].

DATA

Recent data in a meta-analysis of randomized

controlled trials of acute respiratory distress syndrome

(ARDS) suggest that driving pressure (ΔP) may be a

critical factor in outcome, with a ΔP less than 14

cmH2O being a better predictor of survival. This is

contrary to the original belief that tidal volume (Vt) and

plateau pressure (Pplat) were the key determinants of

survival benefit.

Previous studies have focused on ΔP; however, little to

no data exist for ΔP with the mode Airway Pressure

Release Ventilation (APRV) in trauma intensive care

unit (ICU) patients. Our aim with this study was to

assess ΔP among our trauma ICU patients in a variety

of modes of mechanical ventilation including APRV.

The ΔP in S-APRV was significantly lower than

conventional modes VC and PC.

MM, PA, JS, GN, NH have lectured at Dräger sponsored conferences and

ICON. MM, PA are employed by ICON and NH has conducted consulting

work with ICON. NH holds several patents related to mechanical ventilation.

After collecting ΔP measurements on 200 trauma

subjects, the data was divided among the four categories

of ventilator modes: 1) Volume Control (VC) n=86; 2)

Pressure Control (PC) n=28; 3) Airway Pressure Release

Ventilation (APRV) using the Time Controlled Adaptive

Ventilation (TCAV) Method as standard of care (S-APRV)

n=74; and 4) APRV-TCAV as a rescue mode (R-APRV)

n=12 used when patients failed other conventional modes

of mechanical ventilation and were transitioned to APRV

with the TCAV method.

The ΔP was measured in patients with a relaxed

respiratory system, frequently post-operatively without

reversal. During ΔP measurements, patients were

assessed for spontaneous breathing efforts using

waveform graphics and physical assessment to ensure

there were no efforts made.

The ΔP was calculated by subtracting PEEP from the

plateau pressure (Pplat). In the conventional ventilation

group, the Pplat was measured after a 2-3 second

inspiratory hold and the PEEP level was measured

with a 4 second expiratory hold to assure there was no

auto-PEEP (Figure 1). In the APRV group, the Pplat

was validated with a 4 second inspiratory hold. An

expiratory hold was used for 4 seconds to allow

pressure equilibrium during the release phase to

measure PEEP (Figure 2).

METHODS & MATERIALS

RESULTS

The S-APRV group had the lowest ΔP with a statistically

significant difference compared to the VC group (p-

value=0.0010) and PC group (p-value=0.0002) but not

statistically different than R-APRV group (p-

value=0.3379).

Figure 2 – Expiratory hold – PEEP measurement in APRV

Figure 1 – Expiratory hold – PEEP measurement in PC-AC



Comparing Driving Pressures in 

Airway Pressure Release 

Ventilation in Trauma Intensive Care 

Unit Patients
Penny Andrews1, Maria Madden1, Josh Satalin2, Gary 

Nieman2, Nader Habashi1

APRV VC PC

Driving 
Pressure

10.65 12.36 13.37

Mortality % 23 25 30



Maria Madden, Penny Andrews , Nader Habashi 

BACKGROUND

CASE STUDY

DISCUSSION

Although the initial driving pressure was 18 cm H2O it decreased over time

despite unchanged ventilator settings on APRV and correlated with an

improvement in compliance (see Figure 1), clearing chest radiographs,

improvement in P/F ratio. This case demonstrates the use of DP as a tool to

trend an improvement in recruitment (compliance) with optimal ventilator

settings versus changing ventilator settings to decrease driving pressure.

Disclosure

MM, PA,, NH have lectured at Dräger sponsored conferences and ICON. MM,

PA are employed by ICON and NH has conducted consulting work with ICON. NH

holds several patents related to mechanical ventilation

.

LUNG RECRUITMENT DECREASES DRIVING PRESSURE,

NOT THE CLINICIAN

A 35-year-old man with a body mass index (BMI) of 36.7 who initially

presented at an outside hospital with hypoxia, fever, and positive

blood cultures. He required intubation, vasoactive agents for

hemodynamic instability, multiple antibiotics, and inhaled pulmonary

vasodilator (Flolan) for severe hypoxemia. The chest radiograph was

read as diffuse opacities throughout both lungs with a

pneumomediastinum and right pneumothorax. The patient’s condition

worsened, and he was transferred to the University of Maryland

Medical Center - R Adams Cowley Shock Trauma Center (STC) for

consideration of extracorporeal membrane oxygenation(ECMO).

Recent studies demonstrate that a driving pressure (∆P) <14 cmH2O

improves outcome in acute respiratory distress syndrome (ARDS).

Although clinicians may target a desired ∆P by adjusting the

ventilator settings (i.e. increasing PEEP, lowering tidal volumes (Vt),

etc), DP may be used as a tool to monitor to detect lung recruitment

where lung compliance [and Vt] improves without ventilator

adjustments. In a 2015 paper, Amato et al. state: “Because

respiratory-system compliance (CRS) is strongly related to the volume

of aerated remaining functional lung during disease (termed

functional lung size), we hypothesized that driving pressure

(∆P=VT/CRS), in which VT is intrinsically normalized to functional lung

size (instead of predicted lung size in healthy persons), would be an

index more strongly associated with survival than Vt or PEEP in

patients who are not actively breathing”. In conclusion, they state

“We found ∆P was the ventilation variable that best stratified risk”.

In this case, we present the evolution of ∆P as it decreased and its

correlation with recruitment and improvement in CRS in a patient

diagnosed with severe ARDS based on Berlin criteria.
Amato M, Meade M, Slutsky A, et al. Driving Pressure and Survival in the Acute

Respiratory Distress Syndrome. N Engl J Med 2015;372:747-755.

.

Upon admission to STC, he was evaluated for ECMO and based on

religious beliefs was deemed inappropriate. After transfer, he was

transitioned to Airway Pressure Release Ventilation (APRV) using

the Time Controlled Adaptive Ventilation (TCAV) method. The initial

∆P was 18 cmH2O on TCAV-APRV. Subsequently, all vasoactive

medications and Flolan were weaned off despite an increase in

mean airway pressure.and over the next 24 hours decreased to 15

cmH2O and was 11 cmH2O after 48 hours. On Day 9 of his

admission to STC, he was transitioned to CPAP and extubated the

following day.

DATE 

DRIVING 
PRESSURE 

cm H2O 

P/F 
RATIO 

VENTILATOR SETTINGS MEDICATIONS 

12/30/17 

1420 

OSH 

  46 

Volume Control 
RR 22 BPM 
VT 420 ml 
PEPP 16 
1.0 FIO2 

Transitioned to APRV  

Norepinephrine 
Epinephrine 

Inhaled Flolan 
  

1/4/18 18 193 33/0 4.5/0.5  55% 
All the above medications 

discontinued 

1/5/18 15 223 31/0 4.7/0.59  50%   

1/6/18 11 338 29/0 4/0.6   40%   

 



Extubated 11 days from admission Why aren’t we using APRV-TCAV before V V ECMO for ARDS?



22 – 12.8 = 9.2



P High – TC PEEP = Driving Pressure

22 – 12.8 = 9.2

Very important to have T Low set correctly



22 – 15.2 = 6.8
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T High – Duration of CPAP Phase

ICON Copyright 
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T High

➢ 4 - 6 seconds for Adults
➢ 5.0-5.5 is typical

➢ 90% cycle time is at T High for adults
➢ T high / Total Time x 100 = 
➢ 5/(5 + 0.55) x 100 = 90%

➢80-85% cycle time is at T High for pediatric and neonates 

➢Recruitment takes time
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British Journal of Anesthesia 82 (4): 551-6 (1999)
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Calculating Respiratory Rate

➢ T High is time during CPAP

➢ T Low is time during release

➢ 60 seconds/Total cycle time (T High + T Low) = BPM

➢60/(4+0.7) = 13 BPM
➢60/(5 + 0.7) = 11 BPM   
➢60/(5 + 0.8) = 10 BPM
➢60/(6 + 0.7) = 9 BPM
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RC JOURNAL ABSTRACT 2011

SIMV APRV

ABG 7.45/35/150/26/98%
P/F 272

7.49/32/178/24/1.4/98%
P/F 395

RR 25 BPM

Tidal Volume 550 ml 
PEEP 14 

FIO2  55%

13 BPM (releases)

P High26/ P Low 0
T High 4.2/ T Low 0.55 

FIO2 45%

ICP 7-11 4-12



ADMISSION DAY 1 DAY 3 DAY 5

MODE VC-SIMV APRV APRV APRV

FIO2 50% 60% 40% 35%

SETTINGS RR 22
VT 480

PS 10/PEEP 15

P High 32cm 
H20

P Low 0
T High 5.5
T Low 0.6

(Set RR @ 10)

P High 28cm 
H20

P Low 0
T High 6.0
T Low 0.6

P High 24cm H20
P Low 0

T High 6.0
T Low 0.6

PEAK/PLATEAU 40/32 32 28 24

SPONT RR 4 17 0 0

TOTAL RR 26 27 9 9

PACO2 27 37 40 37

P/F RATIO 128 162 413 483





TIME MODE SETTINGS pH PaCO2 PaO2 SPO2 HCO3 BE
P/F 

RATIO

0430 VC-AC

FiO2 100% 

RR 22 

VT470 mL 

PEEP 14 

PIP 50 cmH20

7.09 61 72 88% 17 -13.3 72

0730 APRV

FiO2 97% 

P High 36 cmH2O 

P Low 0 cmH2O 

T High 2.0 sec 

T Low 0.65 sec

7.36 29 216 100% 16 -7.8 223

1600 APRV

FiO2 47% 

P High 35 cmH2O 

P Low 0 cmH2O

T High 5.0 sec

T Low 0.75 sec

7.42 25 141 98% 16 -6.0 300



60 sec/BPM = T Time
T Time – T Low = T High

60/22 = 2.7 T Time
2.7-0.5 = 2.2 T High

T High 2.2/T Low 0.5 (assess waveform) = 22

0430 PRVC

FiO2 100% 

RR 22 

VT470 mL 

PEEP 14 

PIP 50 cmH20

7.09 61 72 88% 17 -13.3 72

T High 2.0 sec/T Low 0.65 
60 sec/ 2.65 = 23 BPM

0730 APRV

FiO2 97% 

P High 36 cmH2O 

P Low 0 cmH2O 

T High 2.0  Sec

T Low 0.65 sec

7.36 29 216 100% 16 -7.8 223



T LOW
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T Low

➢

➢

➢

➢
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T Low

➢0.5-0.7 seconds (“normal”)

➢0.3 - 0.5 seconds (RLD)

➢0.8 - 1.5 seconds (OLD) (25% to 50%)
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70 – 75%
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T Low –
Retaining End Expiratory Lung Volume

-100

0

-60

-20

-40

-80

1. Peak expiratory flow rate

2. Angle of deceleration – 45o

3. Termination  75%

0.7 seconds 0.7 seconds 0.7 seconds

1. Higher Peak expiratory flow rate

2. Angle of deceleration –20o

3. Termination  75%

1. Lower Peak expiratory flow rate

2. Angle of deceleration –70o

3. Termination  25-50%

0.35 seconds 1.2 seconds

Normal Restrictive Obstructive

ICON Copyright 











➢Will vary if airway is changed and ventilator

➢Laboratory data validates T Low set to terminate at 75% of peak 
expiratory flow rate

➢Must measure per shift and with ventilator assessments

➢DO NOT stretch T Low to increase minute volume
63



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

Male Sprague-Dawley 

rats

450-500 grams



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



T Low
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68T Low 0.3 on Servo I T Low  0.5 on Drager XL



Ventilator Assessment

TIME & 
SETTINGS

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%



TIME 

& 
SETTING
S

2000

18/0
10/0.5

2300

18/0
10/0.5

0200 0300

RR 6 9 12 10

VT 613 524 248 521

VE 3.7 3.1 2.94 2.86

T/P% 75% 60% 75%

22/0
10/0.4

25/0
10/.35
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Bulk of APRV is CPAP

96% CPAP

80-85 PEDIATRICS  90% ADULTS IN  CPAP

100% CPAP
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CARDIO-Pulmonary Considerations



•APRV may use the same inflating pressures as conventional, but with 

different timing.

• End expiratory lung volume is controlled and monitored with flow and 

time versus pressure.

• Spontaneous breathing is highly encouraged although NOT necessary.

• Literature exists to support APRV preventing ALI/ARDS







Maria Madden MS, RRT-ACCS

mmadden@intensivecareonline.com
mariamadden81@gmail.com
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