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Conventional Pressure- or Volume-Targeted Modes

Preset volume or pressure ~ --__ ‘

* Preset minimum rate or
maximum of patient-triggered
breaths

« Cycling by time or flow criteria

* Patient has little control over:

* respiratory pattern

* minute ventilation

* changesinventilatory demand
* Diaphragm may be passive

Clinician determines the settings
* Ventilator settings determine the
duration and depth of the breath



Proportional Modes

Neuro-ventilatory coupling:

Ventilator provides assistance
in proportion to patient effort
(Pmus) or drive (Edi)

* No presetrespiratory rate,
volume, pressure or minute
ventilation

Patient controls depth and duration of each breath
Ventilator synchronizes with patient and responds to
changes in ventilatory demand

Diaphragm is active throughout the breath

Edi -Electrical
signal of the
diagphragm
Pmus —Pressure
generated by the
respiratory
muscles



Proportional Assist Ventilation

* Invented by Dr. Magdy Younes in Canada I * I

* PAV instantaneously measures the flow and volume
generated by the patient’s effort and calculates
Pmus using the equation of motion

Diaphragm
pressure

Airway
pressure

P +P__ =(FlowxR.,)+ (VtxE_st) + PEEP]

mus appl —

Flow

* Proportional assist ventilation with load-adjustable
gain factors (PAV+) automatically measures and
updates compliance and resistance (closed-loop)

e Clinicians set the “gain” or proportionality (% of
total work of breathing to be done by the ventilator)

* Clinicians can titrate the gain to maintain patients’
respiratory workload in normal range

100 — Gain
(Gain

mus,Peak _( aw, Peak

— PEEP) X



* SetPEEP and FiO,

* Setindividual settings for % Compensation for
resistance and % for compliance

+ Continuous work of breathing measurements
performed by ventilator

* May titrate to patient comtort, adequate gas
exchange on blood gas, and 10 keep work of
breathing in normal range

A

FIGURE 2. How fo set proportional assist ventilation modes on invasive ventilators. (a-c) provides suggested initial settings and
guidelines for titrating ventilator support for PAV on the following ventilators: (a) proportional pressure support (PPS).
Screenshot of Evita Infinity V80O Ventilator (Dréger, Lubeck, Germany). (b) Proportional adaptive pressure support (PAPS).
Screenshot of Elisa 800 Ventilator Léwenstein Medical, Elisa 800, Bad Ems, Germany. (c) Proportional assist ventilation plus

(PAV+). Screenshot of PB840 Ventilator (Puritan Bennett 840, Medtronic, Dublin, Ireland).



(a) Proportional Pressure Support (PPS)

Paw mbar

~

« Flow L/min

. VolmL

PEEP

Set PEEP and FiO,

Suggested initial settings for invasive PPS:
Volume Assist: 8 mbar/L

Flow Assist: 4 mbar/L/s

If patient interactive, ask “is the speed (flow) fast
enough?”

Too low: Increase the Flow Assist setting by 0.5
mbar/l steps

Too high: increase the Flow Assist setting by 0.5
mbar/l steps

Target Vt 4-8mUkg IBW, adjust Vol Assist
Target PO.1 in range 1-4 mbar
Obtain blood gas to ensure pCO, adequate




(b) Proportional Adaptive Pressure Support (PAPS)

Pressure mbar

Flow l/min

02

30

%

Compens.R Compens.C

Set PEEP and FiO,

Setindividual settings for % Compensation for
resistance and % for compliance

Continuous work of breathing measurements
performed by ventilator

May titrate to patient comfort, adequate gas
exchange on blood gas, and to keep work of
breathing in normalrange




(c) Proportional Assist Ventilation Plus (PAV+)
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Enter patient’s ideal body weight
Entertube type (ET or trach)
Enter tube size

Suggested initial PAV gain: 70%
Calculate Pmus:

100 — Gain
Gain
Adjust PAV gain to maintain Pmus 5-10 cmH,0
If Pmus >10, increase PAV gain by 10%
If Pmus <5, decrease PAV gain by 10%
Recalculate Pmus and repeat titration until Pmus in

target range
Obtain blood gas to ensure adequate pCO,

Pmu.\.l’cdk - (R'“‘»PNk e~ Phhp) A




Neurally Adjusted
£ Ventilatory Assist

* Invented by Dr. Christer Sinderby in Canada I * I

= * NAVA utilizes a nasogastric tube with an array of

£ = electrodes (called the NAVA catheter)

 Detects and measures the electrical activity of
the diaphragm (EAdI)

* Provides positive pressure synchronously
(called neural triggering) and in proportion to the
amplitude of the EAdi signal according to the set
NAVA level:

Pappl = NAVA level (cmH20 /uV) x EAdi (uV) + PEEP

e Clinician can titrate NAVA level to target a specific

EAdi range to mititgate risk of overuse injury or
atrophy




Neurally Adjusted Ventilatory Assist (NAVA)

* Insert EAdi catheterto appropriate depth for patient
and confirm placement according to published
guidelines and the ventilator’s positioning tool

e (Cantitrate NAVA level in increments of 0.1-0.2
cmH,0/pV, to target an EAdi level of 5-20 pV

* If EAdi<5 pV, decrease NAVA level by 0.1
* If Eadi >20 pV, increase NAVA level by 0.1

. * Obtain blood gas to ensure adequate gas exchange
PEEP NAVA level

40 AL 1.4

FIGURE 3. How to set neurally adjusted ventilatory assist (NAVA). Suggested guideline for titrating NAVA. Screenshot of
Magquet Servo-i ventilator (Maquet Critical Care, Solna, Sweden).

Bosma KJ. Proportional modes to hasten weaning.
Curr Opin Crit Care. 2025 Feb 1;31(1):57-69.



Pressure Support Ventilation (PSV)

Published in final edited form as:
Crit Care Med. 2012 April ; 40(4): 1254-1260. doi:10.1097/CCM.0b013e31823c8ccH.

Both High Level Pressure Support Ventilation and Controlled
Mechanical Ventilation Induce Diaphragm Dysfunction and
Atrophy

Matthew B. Hudson', Ashley J. Smuder’, W. Bradley Nelson', Christian S. Bruells?,
Sanford Levine3, and Scott K. Powers’

'Department of Applied Physiology and Kinesiology, Center for Exercise Science, University of
Florida, Gainesville, FL 32611

2Department of Anesthesiology, University Hospital Aachen of the Rhenish Westphalian
Technical University, Aachen, Germany

3Department of Surgery, University of Pennsylvania, Philadelphia, PA 19104
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Flow

EAdi

* Diaphragm may be passive after triggering

* Patient’s respiratory muscle activity cannot be
evaluated

* Limited ability of patient to respond to
changes in load or demand

* PSV may lead to:
* over-assistance
* diaphragmatic atrophy

* patient-ventilator dyssynchrony



Proportional Modes of Ventilation:

Physiological Benefits

* Lower proportion of patients
with asynchrony index >10%

* Lung-protective ventilation:
Maintains AP <15 cmH,0
Vt 6-8 ml/kg PBW

Diaphragm-protective
ventilation:

* Targeting EAdi and Pmus in
normal range reduces risk of

PAV and NAVA

O
=

diaphragm atrophy Patient-ventilator interactions optimized:

* Improved ability to stay on .
spontaneous mode of ventilation .

Improved patient-ventilator synchrony
Reduced over-assistance

Increased breathing variability

Improved ventilator responsiveness to patient
ventilatory demand (neuro-ventilator coupling)

Clinical Benefits

25

* Improved sleep quality in some
studies

* Reduced incidence of
dyspnea

* Reduced duration of MV in
some studies

* Higher VFDs in some
studies

* Reduced ICU length of stay in
some studies

* Possible reduced ICU mortality
with NAVA



Intensive Care Med (2020) 46:2327-2337
https://doi.org/10.1007/s00134-020-06181-5
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respiratory failure: a randomized controlled trial

Robert M. Kacmarek'#", Jesus Villar>*®, Dacil Parrilla®, Francisco Alba®, Rosario Solano’, Songgiao Liu®,
Raquel Montiel, Jesus Rico-Feijoo”, Anxela Vidal'®, Carlos Ferrando®'"!, Isabel Murcia'?, Ruth Corpas®,
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behalf of NAVa In Acute respiralORy failure (NAVIATOR) Network

© 2020 Springer-Verlag GmbH Germany, part of Springer Nature




Methods and Patients

 Multicenter, randomized, controlled trial
* 306 patients

* 15 centres (14 in Spain and 1 in China)

* March 2014-Oct 2019

* Adult patients with ARF on MV < 5 days
* Hypoxemic: PF ratio <300 (excluded ARDS< 200) OR
 Hypercapnic: pCQO2 >45
* Expected to be ventilated = 72 h more



Study Intervention and Control

NAVA (Servo-I ventilator) Conventional Lung-Protective MV
* NAVA level titrated to achieve: * Mode discretionary:
» EAdi =50% of the maximum EAdi * Volume assist/control (A/C)
- Max EAdi determined daily * Pressure assist/control (A/C)
e RR 15-40 /min * Pressure regulated volume control
* Tidal volume 4-8 ml/kg PBW (PRVC)
o * Pressure support (PS)
Max pressure limit =40 cmH,0 - Tidalvolume 4-8 ml/kg PBW
* Trigger sensitivity as sensitive as . <
possible without auto-triggering Plateau pressure B 30 cmH,0
* Edi catheter changed g5 days * Back uprate < .pqtlent RR ,
* to ensure majority of breaths patient-
triggered

SBTs on t-piece or PS 8 cmH,0



‘ Assist-control 110 (71.9) 126 (82.4)

Baseline Ventilator Mode

NAVA (N=153) Control (N=153)

Days of MV at randomization, Days, mean + SD 24+1.5 2.0+1.5

entilatormaode at randomization N(04)

Volume control 54 (35.3) 638 (44.2)
Pressure control 18 (11.8) 15 (9.8)
Pressure-regulated volume control 38 (24.8) 43 (28.1)

Pressure Support 43 (28.1) 27 (17.6)




Patients with extubation failure, N (%)
NAVA 17 (11.1) vs Control 33 (21.6)
Difference (95% CI) -10.5 (-2.2to0 -18.7), p =0.01

Results

Difference 95% Cl +4 (0 to 8) -4.1(-7.0to -1.3) -3.3(-6.0t0 -0.6)
25 P=0.02 P=0.005 P=0.02
20
15
2
a
10
| '
0

Ventilator-free days Total Duration of MV Total Duration of MV in survivors

Primary and Secondary Ventilation Outcomes

m NAVA m Control



A

All-cause mortality at 90 days, N (%) —

1.00 - NAVA 41 (27%) vs Control 50 (33%),
Difference (95% CI) -5.9 (-4.3 to +16), p=0.26
5
= 875 = +
= =
(7))
©
g 0.50 7 p:0.36
=
3
g a9 ——— Control group
—— NAVA group
0.00 -
0 15 30 45 60 19 90
Days since randomization
Number at risk
Control4 153 133 121 110 108 107 103
NAVA-{ 153 133 118 114 113 113 112
0 15 30 45 60 75 90

Fig. 2 Kaplan—-Meier estimates of survival at 90 days after randomization




The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE
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Methods: Overview -

e Multi-centre, randomized, controlled, international
« 575 patients

e 23centres (12 Canada, 5 France, 2 Italy, 1 Spain, 1 Greece, 1 Saudi
Arabia, 1 Argentina)

e Sept2016-June 2023

* Adult patients receiving mechanical ventilation 224 hours
 Able to undergo partial ventilatory support with PSV = 30 min
* Butnotyet ready for liberation from ventilation

* PAV+ (which targeted normal work of breathing) vs.
* PSV (which targeted a normal respiratory rate and tidal volume)



https://www.nejm.org/do/10.1056/NEJMdo008159/full/

Study Intervention

PAV+ Ventilation Algorithm

* Titrate PAV+ gain to keep
* Pmus 5-10cmH,0

* No gradual reduction of PAV+ gain

* Adjustments protocolized for
respiratory acidosis / alkalemia

* Respiratory distress
* Optimize PEEP (Crs) and FiO,
* Increase PAV+ gain

e Switch to assist-control if max settings
reached or clinical instability

PSV Ventilation Algorithm

* Titrate PSV to keep
* RR12-35and Vt5-10 mL/kg PBW

* No gradual reduction of PSV level

* Adjustments protocolized for
respiratory acidosis / alkalemia

* Respiratory distress
* Optimize PEEP and FiO,
* Increase PAV+ gain

e Switch to assist-control if max settings
reached or clinical instability



Baseline Ventilator Mode

PAV+ (N=287) PSV (N=286)

Days of MV at randomization, Days, median (IQR) 4.8 (3.2-8.4) 5.0 (3.0-9.5)
Ventilator mode at randomization N(%)

Assist-control 31(10.8) 29 (10.0)
Pressure Support 253 (88.2) 252 (88.1)

I5roportional assist ventilation plus 3(1.0) 4(1.4)




Primary Outcome: Time to Successful Liberation from Mechanical

Ventilation

Median Time to Event
[95% Cl] days

PAV+7.3[6.2,9.7]
PSV 6.8[5.4, 8.8]

Absolute difference
PAV+ - PSV [95% CI]
days

0.5[-3.0, 3.5]

Hazard ratio

0.96 [0.80,1.15]

— PAV+

- PSV

A Successful Liberation from Ventilation and Death before Liberation from

Ventilation
100+
Successful Liberation from Ventilation
g
S 754
@)
c
()}
=
@)
£ 50+
[}
2 I
= |
g 95 I Death before Liberation from Ventilation
5 L e e e e e e e - -
O I e s s s e s e
| - - ”
_4v P=0.58 by Gray’s test
0 | | | | | | | | |
0 10 20 30 40 50 60 70 80 90
Days since Randomization
No. at Risk
PAV+ 287 105 47 25 14 7 2 2 2

PSV 286 98 52 25

N

13 6 6 6 5 4




* No difference in primary outcome or ventilation-
related secondary outcomes

Res u lts * Faster weaning of sedatives over time with PAV+

e Slightly lower number of trial days of delirium in
those who underwent delirium assessment.

(%)

Midazolam equivalent dose
Difference from baseline (mg/kg)

. Absolute | Pvalue
No. of trial days ]
PAV+ PSV difference
[95% CI]
Delirium positive | 324/1394 | 384/1453 | -3.2[-6.4, 0.053
assessment (23.2) (26.4) 0.0] '

0 7 14 21 28
day
STRATEGY PAV+ == PSV




What have we learned from the

PROMIZING and NAVIATOR
trials?

Is there a role for PAV and NAVA in weaning patients from invasive
mechanical ventilation?



Intubation Extubation + Reintubation

Partial Spontaneous
ventilator breathing
assistance trial

Ventilator
liberation

Full ventilator

assistance

Assist-control mode Pressure Support Ventilation
Ventilator-triggered breaths  Patient-triggered breaths

NAVIATOR: When institu
primarily assist-control
extubation failures, and i

EARLY (median 2 days) and compared to ongoing ventilation with
es of ventilation, NAVA results in decreased duration of MV, less
ased ventilator-free days

PROMIZING: When instituted LATER (median 5 days) and compared to
ongoing ventilation with Pressure Support, PAV+ did not result in
decreased duration of MV, but was associated with faster weaning of
sedatives and less delirium, particularly in those ventilated >7 days

Switch to a partial assist mode (PSV, PAV, NAVA) as early as possible

Screen for weaning criteria to conduct SBT immediately after switching to partial mode
Good evidence that NAVA accelerates liberation and improves successful extubation“rate

No harm in using PAV and there may be clinical short and longterm benefits beyond weaning
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Proportional Assist Ventilation

: inteqral

Pmus = Flow*Rtot + Vt*ELst
Flow

* PAV instantaneously measures the flow
and volume being pulled in by the patient,
and determines how much pressure to R—
provide for each breath based on these 1zt
parameters

* Delivers pressure proportional to and
timed with patient effort

Dr. Magdy Younes
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Edi is amplified Diaphmgmobanal
filtered, processed... - activity (Edi)
+
Y S KT ESNSRRSY, X W I
...multiplied by a "’
proportionality o
factor (NAVA level)... +>
L
3 Mw
...and finally used p M
1o control the + * ;
wa:rtodeﬁver _; |
st in synchrony
mm " + L | | L 1 | 1 ]
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