APRV APPLICATION

APRYV - TCAV
STRATEGY

Maria Madden MS, RRT-ACCS
VERO-Biotech/ICON-Clinical Specialist
AARC Chair — Adult Acute Section




DISCLOSURE

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

*VERO-Biotech Employee
*|CON Consultant

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



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

OXYGEMNATION GOAL: Pa0; 55-80 mmHg or Sp0: 88-95%%
Use a minimum PEEP of 5 cm Hz0. Consider use of incremental FiQz'PEEP
combinations such as shown below (not required) to achiewve goal.

Lower PEEP/Yhigher FiO2
FiO 0.3 0.4 0.4 0.5 0.5 0.6 0.7 0.7
PEEP 5 5 8 g 10 10 10 12

NIH NHLBI ARDS Clinical Network FiO: 0.7 0.8 0.9 0.9 0.9 1.0
Mechanical Ventilation Protocol Summary PEEP 14 14 14 16 18 18-24

Higher PEEP/lower FiO2

INCLUSION CRITERIA: Acute onset of D23 103 1 09 03 103 104 104 05
1. Pal-/'FiD; = 300 (corrected for altitude)
2. E:?;E;sl.fﬁ‘:sgﬁ{:ﬂua&' or homogeneous) infiltrates consistent with Fio. 0.5 5508 o8 0.9 10 10
3. Mo clinical evidence of left atrial hypertension PEEP 18 =0 22 22 22 <4
PART I: VENTILATOR SETUP AND ADJUSTMENT
1. Calculate predicted body weight (PBW)
Males = 50 + 2.3 [height (inches) - 60] PLATEAU PRESSURE GOAL: < 30 crm HO
Females = 45.5 + 2.3 [height {inches) -&0] Check Pplat (0.5 second inspiratory pause), at least q 4h and after each
2. Select any wventilator mode change in PEEF or \y.
3. Set ventilator settings to achieve initial v+ = 8 mil/kg PBW If Pplat > 30 cm H20: decrease Wy by Tmlfkg steps (minimum = 4
4. Reduce YW: by 1 mi/kg at intervals = 2 hours until V¢ = aml/kg PBW. mil/kg).
5. Set initial rate to approximate baseline minute ventilation {not = 35 If Pplat < 25 cm H;O0 and Vy< 6 mlskg, increase V; by 1 ml/kg until
bprm). Pplat = 25 cm HO or V¢ = & mlfkg.
6.  Adjust Vrand RR to achieve pH and plateau pressure goals below. If Pplat = 30 and breath stacking or dys-synchrony occurs: may

increase V¢ in Tmil/kg increments to 7 or 8 mlifkg if Pplat remains = 30 cm
H.O.



THE SHOCK TRAUMA WAY

HABASHI
METHOD




APRV

TCAV

Time Constant Adaptive Ventilation



Other approaches to open-lung ventilation: Airway pressure release
ventilation

Nader M. Habashi, MD, FACP, FCCP

(it Care Med 2005 Vel. 33 No. 3 Suppl)

Guidelines created after years of trying
various APRV combinations.
T Low Updates since this article

Has anyone else written APRV
guidelines?



APRV History

» APRV first described in 1987 by Dr. —————
Stock and Dr. Downs |

»APRYV 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




APRV ALSO KNOWN AS ....

»APRYV - Drager

»BiVent - Maquet
»BilLevel - Puritan Bennet
»APRV - Hamilton
»APRV/Biphasic - Viasys




EAST 2012 PLENARY PAPER

Early stabilizing alveolar ventilation prevents acute respiratory
distress syndrome: A novel timing-based ventilatory
intervention to avert lung injury

Shreyas Roy, MD, CM, Benjamin Sadowitz, MD, Penny Andrews, RN, Louis A. Gatto, PhD,
William Marx, DO, Lin Ge, PhD, Guirong Wang, PhD, Xin Lin, PhD, David A. Dean, PhD, Michael Kuhn, BA,
Auyon Ghosh, BSc, Joshua Satalin, BA, Kathy Snyder, BA, Yoram Vodovotz, PhD, Gary Nieman, BA,
and Nader Habashi, MD, Syracuse, New York

EARLY AIRWAY PRESSURE RELEASE VENTILATION PREVENTS ARDS—A
NOVEL PREVENTIVE APPROACH TO LUNG INJURY

Shreyas Roy,* Nader Habashi,! Benjamin Sadowitz,* Penny Andrews, Lin Ge,*
Guirong Wangi' Preyas Roy,* Auyon Ghosh,* Michael Kuhn,® Joshua Satalin,*
Louis A. Gatto," Xin Lin," David A. Dean,” Yoram Vodovotz,** and Gary Nieman*
*Cardiopulmonary and Critical Care Laboratory, Department of Surgery, Upstate Medical University,
Syracuse, New York; TMultitrauma Unit, B. Adams Cowley Shock Trauma Center, Baltimore, Maryland;
*University of Chicago, Chicago, linois; *Department of Nutrition, Columbia University, New York;
'Department of Biology, SUNY Cortiand, Cortland; " Department of Pediatrics, Neonatology
University of Rochester Medical Center, Rochester, New York; and **Department of Surgery,
University of Pittsburgh, Pittsburgh, Pennsylvania

Shock 2013 39(1):28-38




Published 1in final edited form as:
Shock. 2013 September ; 43): 210-216. do1:10.1097/SHK..0b013e3182%itbl6.

Preemptive Application of Airway Pressure Release Ventilation
(APRV) Prevents Development of Acute Respiratory Distress

Syndrome (ARDS) in a Rat Traumatic Hemorrhagic Shock Model

Shreyas K. Hﬂ-'_llr, M.D., C.M.", Bryanna Emr, M.D.", Benjamin Sadﬂ-wnz M.D.'. Louis A.
Gatto, Ph. I'.'I' 1.2 Auyun Ghﬂ-sh B. Sl:: 1, Joshua M. Eatalln B.S.!, Kathy P. En'_llrdn:-:-r B.S.!, Lin
Ge, Ph.D.] Gmrﬂ-ng Wang, Ph.D.? Wllllam Marx, D.O.*, David Dean Ph.D.%, Penny
Andrews, R.N.5, Anil Singh, M.D.!, Thomas Scalea, M.D.5, Nader Habashi, M.D.5, and Gary
F. Nieman, B.A."

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



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] (20 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



ORIGINAL ARTICLE

Early application of airway pressure release ventilation may
reduce mortality in high-risk trauma patients: A systematic review
of observational trauma ARDS literature

Penny L. Andrews, RN, BSN, Joseph R. Shiber, MD. Ewa Jaruga-Killeen, PhD. Shrevas Roy, MD, CM,
Benjamin Sadowitz, MD. Robert V. O Toole, Louis A. Gatto. PhD. Gary F. Nieman., BA., Thomas Scalea, MD,
and Nader M. Habashi, MD. Baltimore, Maryiand

EACKGROUND: Adult respiratory distress syndrome is ofien refractory to treatment and develops afier entering the health care system. This
suggesis an opportunity to prevent this syndrome before it develops. The objective of this study was to demonsitrate that early
application of amrway pressure release ventilation in high-risk trauma patients reduces hospital monrtality as compared with
similarly injured patients on conventional ventilation.

METHODS: Systematic review of observational data in patients who received conventional ventilation in other trauma centers were com-
pared with patients treated with early airway pressure release ventilation in ouwr trawma center. Relevant studies were identified in
a PubMed and MEDLINE search from 1995 to 2012 and included prospective and retrospective observational and cohort studies
enrolling 100 or more adult trauma patients with reported adult respiratory distress syndrome incidence and mortality data.

RESULTS: Early airway pressure release ventilation as compared with the other trauma centers represented lower mean adult respiratory
distress syndrome ncidence ( 14.0% vs. 1.3%) and in-hospital mortality (14, 1% vs. 3.9%).

CONCLUSIOMN: These data suggest that early airway pressure release ventilation may prevent progression of acute lung injury in high-nisk trauma
patients, reducing trauma-related adult respiratory distress syndrome mortality. (J Trawma Acwte Care Surg, 2001375 635-641.
Copyright © 2013 by Lippincott Williams & Wilkins)

LEVEL OF EVIDENCE: Systematic review, level TV

KEY WORIDS: Adrway pressure release ventilation; APRV, ARDS: adult respiratory distress syndrome: ALIL
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In Hospital Mortality %

CENTER INCIDENCE % MORTALITY
%

STC ARDS 1.4 3.9

NATIONAL 13.5 14.2
ARDS

J Trauma Acute Care Surg Volume 75, Number 4




Early application of airway pressure W e

release ventilation may reduce the duration

of mechanical ventilation in acute respiratory
distress syndrome

Yongfang Zhou, Xiaodong Jin, Yinxia Lv, Peng Wang, Yunging Yang, Guopeng Liang, Bo Wang and Yan Kang’

« 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 APRV LTV
enrollment

P/F RATIO
PaCO2

lntensive Care Med (20017) 4316451659

PaO2

DOl 10100750071 34-017=491 2=z




Jourmal of Critical Care

Wolume F4. Auguast 2016, Pages 154-159

Cutcomes/Fredictions
Characteristics and outcomes of patients treated with airwavy

pressure release ventilation for acute respiratory distress
syndrome: A retrospective observational studvy

Jolene Lim MBBS (Hon) @ 1 Edward Litton MB, ChB, MSs, FCICM B © 2 =E Hayley Robinson BEMeaedSci (Hon),
35S (Hon) 9, Mike Das Gupta = 2

3060 patients admitted to RPH ICU
from Oct 2012-Aug 2014

Excluded patients
56 patients on APRV
¢ 2 patients with cardiogenic

acute pulmonary ocedema
1 patient with pulmonary
embolism and clear chest x-ray
1 patient with clear chest x-ray

52 patients with ARDS fulfilling
Berlin Criteria

50 patients included in study 2 patients with missing physical
medical records




Journal of Critical Care

Volume 34, August 2016, Pages 154-159

I

Outcomes/Predictions

Characteristics and outcomes of patients treated with airway
pressure release ventilation for acute respiratory distress
syndrome: A retrospective observational study -+«

Jolene Lim MBBS (Hon) 2 1, Edward Litton MB, ChB, MSs, FCICM BP. ¢ 2 = Hayley Robinson BMedSci (Hon),

MBES (Hon) 9, Mike Das Gupta = 2

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



Crit Care Med 2019 Epub

Airway Pressure Release Ventilation in Adult
Patients With Acute Hypoxemic Respiratory Failure:
A Systematic Review and Meta-Analysis

Jolene Lim, MBBS (Hon), MSc (Dist)!; Edward Litton, MBChB, FCICM, MSc, PhD!?

Conclusions: In adult patients requiring mechanical ventilation for

acute hypoxic respiratory failure, airway pressure release ventila-
tion Is associated with a mortality benefit and improved oxygen-

ation when compared with conventional ventilation strategies.
Given the limited number of patients enrolled in the available stud-
les, larger multicenter studies are required to validate these find-
ings. (Crit Care Med 2019; XX:00-00)




Rescue therapy in increasing hypoxemia severity.

INO

Recruitment maneuvers

Prone positioning

NMBA

High PEEP strategy
——————————————

ntensity of intervention

I
Lung protective ventilation

150 100 80 60 50

PaOQ/FIOz ratio

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

(c) 2012 by Daedalus Enterprises, Inc



A Pilot Study of Patients With COVID-19-Related Respiratory Failure
Utilizing Airway Pressure Release Ventilation (APRV) @

D'Andrea K. Joseph & ; Gerard A, Baltazar ; Ricardo A. Jacquez ; Shahidul Islam ; Adam Stright ; Jasmin Divers : Collin E.M. Brathwaite ;
Patrizio Petrone

T I S IR [ S S TR ¥ A R LT LR |
innovations in Surgery and Interventional Megicine (2021) 1 (1): 3-8.

https://doi.org/10.36401/I5IM-20-03  Article history




Indications for APRV

»Intubation with the goal of minimizing sedation and
preservation of spontaneous breathing

» Differing disease states may
require modified settings

» Recruitable versus
» Non-Recruitable




Recruitment vs Derecruitment Zones

Derecruitment Zone Recruitment Zone

{_L\

Recruitment Zone Derecruitment Zone




Contraindications for APRV

*Unfamiliarity
*Knowledge Deficit

23



»P High

»P Low — PEEP
»>T High

»>T Low

»>FiO,

»Slope/Rise Time
»ATC/PS

APRV SETTINGS




SLOPE/RISE TIME

»Slope typically set to o seconds to maximize inspiratory
time

»May need to increase with smaller artificial airway



P High



P High
>P High Goal

» enough pressure to open lung but not over-
distend

> Between FRCand TLC



P High (Adult)

»Using as Initial Mode Upon Intubation
» Typically 21-24 cmH_O
» Adjust as necessary based on oxygenation and ventilation
» Assess your settings

» Transitioning from a [Pure] Volume Mode
» Set at current plateau pressure
» (notmean airway pressure)

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



Assessing intra-vascular Status
Pre-load Dependency Test

»Mean Airway pressure in APRV usually ~3 cm H20 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



Mieman et ol Criticad Core (2018} 22:136
httpsYdoiorgs10.1 186/513054-018-2051-8

Critical Care

VIEWPOINT Open Access

Acute lung injury: how to stabilize a @ e
broken lung

Gary F. Nieman', Penny Andrews”, Joshua Satalin', Kailyn Wilcox', Michaela Kollisch-Singule', Maria Madden”,
Hamni Aiash’, Sarah J. Blair', Louis A. Gatto'~ and Nader M. Habashi”

- PEEP : \

: I-E B M . B
21 13 0. 69

17:37 18 Feb 2018

[10' ='s’ 1:'6’8.: |1;3o|111§°k,
65 « I“Q 3







P Low

» P Low setatocmH,O

» When using a P Low of o 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



Artificial airway resistance that
impedes pressure drop

(Retained P High)

¢ TLow —>

Release Phase







SPECIAL ARTICLE

Driving Pressure and Survival in the Acute Respiratory
Distress Syndrome

Marcelo B.P. Amato, M.D., Maureen 0. Meade, M.D,, Arthur S. Slutsky, M.D., Laurent Brochard, M.D., Eduardo LV. Costa, M., David A. Schoenfeld, Ph.D.,
Thomas E. Stewart, M.D., Matthias Briel, M.D., Daniel Talmor, M.D., M.2H,, Alain Mercat, M.D., Jean-Christophe M. Richard, M.D., Carlos R.R. Carvalho, M.D,




Comparing Driving Pressures in Airway Pressure
Release

Ventilation in Trauma Intensive Care Unit Patients

Penny Andrews?, Maria Madden?, Josh Satalin?, Gary Nieman?, Nader
Habashi*

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

1) Volume Control (VC)
2) Pressure Control (PQ)

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



ADAMS COWLEY

HOCK TRAUMA CENTER
VERSITY OF MARVIAND

Recent data in a meta-analysis of randomized
controlled trials of acute respiratory distress syndrome
(ARDS) suggest that driving pressure (AP) may be a
critical factor in outcome, with a AP less than 14
cmH,0 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 AP; however, little to
no data exist for AP with the mode Airway Pressure
Release Ventilation (APRV) in trauma intensive care
unit (ICU) patients. Our aim with this study was to
assess AP among our trauma ICU patients in a variety
of modes of mechanical ventilation including APRV.

reversal. During AP measurements, patients were
assessed for spontaneous breathing efforts using
waveform graphics and physical assessment to ensure
there were no efforts made.

The AP 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).

Comparing Driving Pressures in Airway Pressure Release
Ventilation in Trauma Intensive Care Unit Patients
Penny Andrews?, Maria Madden?, Josh Satalin?, Gary Nieman?, Nader Habashi!

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].

After collecting AP 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.

significant difference compared to the VC group (p-
value=0.0010) and PC group (p-value=0.0002) but not

statistically ~ different  than

value=0.3379).

R-APRV ~ group  (p-

The AP in S-APRV was significantly lower than
conventional modes VC and PC.

Figure 2 - Expiratory hold - PEEP measurementin APRV

MM, PA, JS, GN, NH have lectured at Drager sponsored conferences and
ICON. MM, PA are employed by ICON and NH has conducted consulting




Comparing Driving Pressures in
Airway Pressure Release
Ventilation in Trauma Intensive Care

Unit Patients
Penny Andrews?!, Maria Madden?, Josh Satalin?, Gary
Nieman?, Nader Habashit

APRV VC PC

Driving 10.65
Pressure

Mortality %



LUNG RECRUITMENT DECREASES DRIVING PRESSURE, )
ADAMS COWLEY

R
UNIVERSITY of MARYLAND NOT THE CLINICIAN SHOCK TRAUMA CENTER
MEDICAL CENTER JNIVERSITY OF MARYLAND

Maria Madden, Penny Andrews , Nader Habashi

BACKGROUND : : : : : DISCUSSION

Recent studies demonstrate that a driving pressure (AP) <14 cmH,0
improves outcome in acute respiratory distress syndrome (ARDS). ‘ | | | | | ‘ Although the initial driving pressure was 18 cm H,0 it decreased over timd
Although clinicians may target a desired AP 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 (Cgg) is strongly related to the volume
of aerated remaining functional lung during disease (termed ‘ | | | | | |
functional lung size), we hypothesized that driving pressure trend an improvement in recruitment (compliance) with optimal ventilato
(AP=V/Cgg), in which V; is intrinsically normalized to functional lung ‘ [ [ [ [ [ ‘

size (instead of predicted lung size in healthy persons), would be an i i i i i i ‘ settings versus changing ventilator settings to decrease driving pressure.

index more strongly associated with survival than Vt or PEEP in

patients who are not actively breathing”. In conclusion, they state 2'0 3'0 4'0

“We found AP was the ventilation variable that best stratified risk”. STATIC COMPLIANCE DRIVING oF

In this case, we present the evolution of AP as it decreased and its DATE (PRESSURE RATIO
correlation with recruitment and improvement in Cyg in a patient cm H20

diagnosed with severe ARDS based on Berlin criteria. Volume Control
Amato M, Meade M, Slutsky A, et al. Driving Pressure and Survival in the Acute RR 22 BPM Norepingphrine

Respiratory Distress Syndrome. N Engl J Med 2015;372:747-755. Upon admission to STC, he was evaluated for ECMO and based on Va0 Epinephrne
religious beliefs was deemed inappropriate. After transfer, he was PEPP 16 Inhaled Flolan
transitioned to Airway Pressure Release Ventilation (APRV) using 10 FIO2

CASE STUDY the Time Controlled Adaptive Ventilation (TCAV) method. The initial Transitioned to APRV
A 35-year-old man with a body mass index (BMI) of 36.7 who initially Ji AP Was 18 cmH,0 on TCAV-APRV. ' Subsequently, all vasoactive s eme cen | Althe above medications

presented at an outside hospital with hypoxia, fever, and positive medications and Flolan were weaned off despite an increase in o T discontinued

blood cultures. He required intubation, vasoactive agents for mean airway pressure.and over the next 24 hours decreased (o 15 1/5/18 311047059 50%

hemodynamic instability, multiple antibiotics, and inhaled pulmonary omH,0 and was 11 cmH,0 after 48 hours. On Day 9 of his 1/6/18 29/04/0.6 40%
. ’ o . admission to STC, he was transitioned to CPAP and extubated the R
vasodilator (Flolan) for severe hypoxemia. The chest radiograph was

read as diffuse opacities throughout both Ilungs with a following day.
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 Disclosure

consideration of extracorporeal membrane oxygenation(ECMO).

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

DRIVIGN PRESURE

VENTILATOR SETTINGS MEDICATIONS

MM, PA,, NH have lectured at Drager 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
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Extubated 11 days from admission
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. PC-APRV
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Driving Pressure

P High —TC PEEP = Driving Pressure

22 -12.8=09.2

Very important to have T Low set correctly
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T High — Duration of CPAP Phase

Spontaneous Breaths

CPAP Phase CPAP Phase CPAP Phase
(T High)

Release Phase 10
(T LOW) Time (=)

Spontaneous Breaths

10
Time (s)




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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ential decay, Afted to individuaal data (M), connected by a line For

British Journal of Anesthesia 82 (4): 551-6 (1999)



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



USE OF APRV VENTILATION WITH A
TRAUMATIC BRAIN INJURED PATIENT

RC JOURNAL ABSTRACT 2011

SIMV APRV

ABG 7.45/35/150/26/98% 7.49/32/178/24/1.4/98%
P/F 272 P/F 395

RR 25 BPM 13 BPM (releases)

Tidal Volume 550 ml P High26/ P Low O
PEEP 14 T High 4.2/ T Low 0.55
FIO2 55% FIO2 45%

/7-11 4-12




MODE
FIO2
SETTINGS

PEAK/PLATEAU
SPONT RR
TOTALRR

PACO2

P/F RATIO

ADMISSION

VC-SIMV
50%

RR 22
\AWA: o)
PS 10/PEEP 15

40/32

26

27

128

DAY 1

APRV
60%

P High 32cm
H20
PLowo
T High 5.5
TLow 0.6
(Set RR @ 10)

32
17
27

37

162

INE

APRV
40%

P High 28cm
H20
PLowo
T High 6.0
TLow 0.6

N
(0

40

417

DAY 5

APRV
35%

P High 24cm H2o
PLowo
T High 6.0
TLowo0.6

37

483



THE USE OF AIRWAY PRESSURE RELEASE VENTILATION [AFFY) FREVEMTS THE MEED FOR
EXTRAC ORFOR EAL M EMS AR OEFEEMATEDN [ECMO] 1K & TRAUNSE PATENT -

1 e 5 -, . T IE ST A Y LE .
| l LINMTVERSITY o MARYLAND | I SHOCK TRALUMA CENTER

RAECHCAL CEMNTER Diclly, Kata™, Meaddan, Mana'; Andraws, Penny 1; Habashi, Neder? L
______________________________________________________________________________________________________________________________________|
|

HIrFl

| Abstract || Data Table |

RTRECUCE TN I SETTGS Fallida, | % Fi'F RATIO
Boxgeid o Fea sfejed POONOEd ESero e proflia, Arawy Prooaes -
Fesmpm Wenimcs (AFFY] has been gescried ps Comrasms Poors FHZ LI
Birway s |CPAF] W o il rolai PRacs wlelll Sulimarils Carmas FE 2
dcace 0 rewcenl Afcegk AFFY may be appled oo e VTATD =l
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prapEEead mrpme PRIy drees mwaieoere- (ARG DA COnics PIP =0 230
PIECiCE & 0 apply SR peiGcive Gl Ruch an APFY, o wdal =l
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TIME MODE SETTINGS

FiO, 100%
RR 22
VT470 mL
PEEP 14

0430 VC-AC

PIP 5o cmH,0
FiO, 97%
P High 36 cmH,0
PLow ocmH O

0730 APRV

T High 2.0 sec
T Low 0.65 sec

7.36

29

216

100%

HCO

16

BE

P/F
RATIO

223

FiO, 47%
P High 35 cmH,0

P Low ocmH,O

1600 APRV

- THigh 5.0sec
T Low 0.75 sec

7.4,2

25

141

98%

16

-6.0

300




FiO, 100%
RR 22
0430 PRVC VT470 mL 7-09 61 72 88% Iy -13.3 72
PEEP 14
PIP 50 cmH_o
60 sec/BPM =T Time
TTime—-T Low =T High
60/22=2.7T Time
2.7-0.5=2.2 T High
T High 2.2/T Low 0.5 (assess waveform) = 22
T High 2.0 sec/T Low 0.65
60 sec/ 2.65 = 23 BPM
FiO, 97%
P High 36 cmH,0O
0730 APRV P LowocmH,O 7-36 29 216 100% 16 -7.8 223

T High 2.0 Sec
T Low 0.65 sec




TLOW




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

55



T Low — Adults/Large Pediatrics

T Low

»0.5-0.7 seconds (“normal”)

»0.3 - 0.5seconds (RLD)

»0.8 - 1.5 seconds (OLD) (25% to 50%)



T Low — End Expiratory Lung Volume

Time (seconds

T LOW SETTING

28 \ T-PEFR/PEFR X 100 = 75%
- 70 =75%

-60

-80
-100

60/80 X 100 = 75%




T Low —
Retaining End Expiratory Lung Volume

Normal Restrictive Obstructive
1. Peak expiratory flow rate 1. Higher Peak expiratory flow rate 1. Lower Peak expiratory flow rate
2. Angle of deceleration — 45° 2. Angle of deceleration —20° 2. Angle of deceleration —70°
3. Termination 75% 3. Termination 75% 3. Termination 25-50%
: 1 |
-20
70°
-40
S5
-60
-80 &
-100 ICON Copyright

0.7 seconds 0.7 setchsksconds



AIRWAY PRESSURE RELEASE VENTILATION MAINTAINS ALVEOLAR STABILITY
BY LIMITING LOSS OF LUNG VOLUME DURING RELEASE PHASE

N Habashy, P Andrews - R Adams Condey Shock Trsuma Center - Unnveruty of Mandand School of Medicne, Baltimane, MD.

INTRODUCTION

Arway Pressure Release Ve APRY) 15 a mode of
mechanical ventilstion that has shown promise in prevention
and treptment of the acute respirstory detress syndrome [ARDS)
when applied ealy The P High = APRV equates 1o o plotesu
peessure. However, unlike most modes, APRV Integrates within
the P High tidad gas ventilation and the abdity to retan a portion
of the P High a3 positave end redease peessure [PERP] similar to
PEEP As the P High is redeased towards the P Low, expirstary gas
flow creates tidal ventilation. Be

(refease phase) is bref [subsecond) and confined to the inital
phase of the expiratary release phase, the maponty of the
resistance mmpeding the peessurs drop from P High towards P
Low is crested by the artificial airway (Fig, 1) This brief T Low
duration prevents dveolar collapse without the need to set FEEP
(e P Low of 0 emH20) at the expiatory vake. Because of this
urique intégration, the T Low in APRY uses ime to control the
release phase ardd retoms o porti of the P High which mantaing
sdeguate end-eapratocy lung volume, promoting alveols
stablity. Therefore, critical to protecting the lung, appropriate
APRY application requires optimal adjustment of the T Low. We
hypothesized that optimization of the T Low to kit ung volame
loss during the relesse phase would occur a8 a speofic a
during Termination of the Expwatory How Rate. Specfically,
termination a8 75% of the Peak Expiratory How Rate
(TFEFR/PEFR) would retain the greatest alveolar stability and
lower ratios would not achieve aheclar stability leading to
greater alveolss volume change and <ollapse (Fig. 2

METHODS

Inwiva microscopic Helds [n=9] were prepared i anesthetize
male Sprague-Dawley rats. ARDS was induced by iInstlling 0.2
Tween-20 tracheastomy. TFEFRPEFR was set at 10% and
videa wrvnvo  ahvecler microscopy performed for mwltiple

q,
%

respirotory cycles This procedure was repeated sl progressive
I-PEFRPEFR of 25%, 50%, and 75% by decreauing the T Low
respectively (Fg.3)

Quantificton of abseclar stabilty wies measured using mmage snalyss
software to determine the percent of Indlted dvweol occupying the
microscopuc hiekd ot Inspration and 3 expration (Fg 4

5. Roy, ). Satalin, K Sryder, L. Gatto, G. Nieman - SUNY Upstate, Syracuse, NY
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RESULTS

T-PEFRFEFR of 75% had the keast aveolx volume change at
expiration (10.0%)] while T-PEFRFEFR of 105, 25% ana 50% had a
peogressrvely greater alveolar volume change and colapse at
expirgtion: 54 5%, 36 4%, and 29.4% respectively [p<000t w T
PEFR 75%) (Fig 5)

<-4
e=8Z

Fig 8. 10 wnh e c0sceped fekds o e vatioe
Wit ol &7 Low semnngs (T-PEFRPEFRD Avecdi were utned
hebow) evd Sew cole awa wes ol dtyd
arabyin a2 percentage of the satal tuvde arva 01 the bame

CONCLUSIONS

The yse of APRY a3 o strategy for the trestment or prevention of
cotingent on  the appropriste method of
appiication. One key aspect of APRY & optimizing the T Low to
control expiratory gas flow to minimize aleolar walume
change/collapse and mantain alyeols stabdlity. These data
confirm that 3 TPEFRPEFR of 75% » necessary 1o achieve
whveolar stabslity and that o T-PEFRPEFR <75% may lead t0
abveclar collapse and Jung derecrutment in acute lung injury

L
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T Low

»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



Original Investigation | ASSOCIATION OF VA SURGEONS

Mechanical Breath Profile of Airway Pressure
Release Ventilation

The Effect on Alveolar Recruitment and Microstrain
iNn Acute Lung Injury

Michaela Kollisch-Singule, MD; Bryanna Emwr, MD:; Bradford Smith. PhD: Shreyas Roy. MD: Sumeet Jain. MD:; Joshua Satalin., BS; Kathy Snyder:
Penny Andrews, RN: Nader Habashi, MD: Jason Bates, PhD: William Marx, DO: Gary Nieman. BA; Louis A. Gatto. PhD

Male Sprague-Dawley
rats
450-500 grams

ARDS net- CMV VT 6 APRV P High - 35 -40
mi/kg cmH, 0

PEEP — 5, 10, 16, 20 and 24 T-PEFR/PEFR - 10, 25,
cmH,O 50 and 75%

JAMA Surg. doi:10.1001/jamasurg.2014.1829
Published online September 17, 2014.




m APRV T-PEFR APRV T-PEFR
PEEP to PEFR to PEFR
5cmH;0 ratio 10% ratio 75%

G5 faut

o et g
Inspiration - : :!’LIL,.(}"{
‘ r) . .'r'

Expiration m ;aﬂ"

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

2 | Inspiration
50
I Expiration EH
b

d

% of Photomicrograph

I -L
APRV T-PEFR PEEP APRV T-PEFR

to PEFR 16 cm HZO to PEFR
Ratio 10% Ratio 75%

JAMA Surg. doi:10.1001/jamasurg.2014.1829

Published online September 17, 2014,
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Always re-assess T Low

T Low 0.3 on Servo | T Low 0.5 on Drager XL



Ventilator Assessment
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APRV & Spontaneous Breathing

APRYV can be used in patients who are not spontaneously
breathing

However, APRV enhances the benefits of spontaneous
breathing

71



Bulk of APRV is CPAP

80-85 PEDIATRICS 90% ADULTS IN CPAP




APRYV Now Becomes CPAP




CARDIO-Pulmonary Considerations

» Perfusion

> Volume resuscitation
» The ventilator can't do it all!




Summary

* 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.



APRV PROTOCOLS

WWW.APRVNETWORK.ORG






Maria Madden MS, RRT-ACCS

mariamadden8i@gmail.com
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