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A servomechanism for automatic regulation
of pulmonary ventilation.
J Appl Physiol. 1957 Sep;11(2):326-8.

AUTOMATIC REGULATION OF
ARTIFICIAL PULMONARY
VENTILATION

T. M. DARBINJAN

Acta Anaesthesiol Scand Suppl. 1966;23:187-90. ,
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Table 1. The Argument for Closed Loop Control and Automating the Weaning Process

Costs
Mechanical ventilation is expensive, contributing substantially to health care costs'®*'2¢
Mechanical ventilation is associated with significantly higher daily costs for patients in the ICU throughout their entire stay.'?
Interventions that result in reduced duration of mechanical ventilation could lead to substantial reductions in total in-patient cost.

Increased Demand
Increase in the population requiring intensive care and mechanical ventilation; increased requirement for prolonged mechanical ventilation
The aging population and demand for healthcare at later age increases mechanical ventilation demand.
Prolonged mechanical ventilation demand is expected to double from 2000 to 2020.%*
In growing populations the need for mechanical ventilation is predicted to grow by 80%.%°

27-29

Staffing Issues
Growing shortage of ICU workforce
Increased incidence of burnout in the ICU workforce®' **; changes in work hour restrictions™®
A multi-society report predicts a looming shortage of intensivists and respiratory therapists.”
The intensity of ICU care results in burnout in nursing and other bedside staff, resulting in turnover and high dissatisfaction.
In academic centers, resident work hours impact physician availability.

27,30

Knowledge Implementation®”*?
Failure to use evidenced based care in the ICU*"~**
Prolonged time from publication of seminal study until routine implementation
Barriers to change by healthcare professionals from both physicians and bedside caregivers*'™*!
Evidence suggests that nearly 20 years pass from publication of new data until adoption by > 50% of caregivers.
ICU staff list numerous reasons for not using low tidal volume ventilation or daily spontaneous breathing trials.
Adoption of new knowledge in any field

38-40

Outcomes
Failure to implement current state of the art knowledge into practice
Errors increase with increases in patient acuity and staff shortages
High intensity of ICU and mechanical ventilation increases incidence of errors
W Data suggest that just over half of patients in the United States receive recommended care, leading to increased complications and costs."!
/ Failure to deliver evidence-based care, which has been demonstrated to reduce mortality, results in nearly 200,000 preventable deaths."*
Closed loop control has the promise of reducing practice variation and providing state of the art care.

Branson. Respiratory Care 2012:57(10)
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TABLE 4. SECONDARY OUTCOMES

Secondary Outcomes Automated Weaning Protocolized Weaning P Value
Time to first SBT. d (median. IQR). N 0 (0. 2.0). 39 1.0 (0. 3.0). 40 0.5
Time to firs 1.0 - =0.0001
Time to firs i, men | 0.02
Time to suc 0.9 - | seesssssssssssssssssssssssssssssssssssases ’ 0.01
Total durati - 0.13
ICU stay (a« 0.8 _

Survivors ) 0.1

Survivors 3 PR 0.48
Hospitalsta 8 °7] :

Survivors :,z:‘ 0.7

Survivors > %61 0.41
Icu s“fy (ra "03 Figure 2. Time to successful

Survivors 3 R Aw o extubation for the two treatment 0.04

Sutvivors @ Sucesaful Extubalion 41 (85.42%) 5 (r9.07%) groups (Kaplan-Meier curves). 18
Hospital sta 5 0.4 Censared 7 (14.58%) 8 (209 AW = automated weaning;

Survivors tow i e DM PW = protocolized weaning. 0.6

Survivors % 0.3 0.23
Time to reii & 0.04
Required N/ 55 0.5
Developed 0.7
ICU mortali - 0.8
Hospital m¢ ' 0.9
Death on n s e e e 0.8
Reintubatio 0.0 . : : : . 0.4
Tracheostor 0 10 20 30 40 50 0.04
Prolonged ! Days to Successful Extubation 0.04
Ventilator d.. 1.0

Definition of abbreviations: CIN = critical illness neuropathy; ICU = intensive care unit; IQR = interquartile range; NIV = noninvasive ventilation; SBT = spontaneous

breathing trial.

N = number of patients used for the outcome analysis.

* Seven deaths in the automated weaning group, two withdrawals, and nine deaths in the protocolized weaning group do not have a date of successful extubation.

w’
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Mecharnics of Breathing in Man'

ARTHUR B. OTIS,
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Fig. 1. Adaptive Support Ventilation adjusts both the inspiratory L
pressure of mandatory and/or spontaneous breaths and the
mandatory breath rate to maintain the desired breathing pattern. .
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Effects of Implementing Adaptive Support Ventilation
in a Medical Intensive Care Unit

Chien-Wen Chen MD, Chin-Pyng Wu MD PhD, Yu-Ling Dai, Wann-Cherng Perng MD,
Chih-Feng Chian MD, Wen-Lin Su MD, and Yuh-Chin T Huang MD MHS
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/ . Fig. 3. Cumulative incidence of the probability of reaching extu-
' bation readiness (see text) after enroliment.
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Fig. 4. Cumulative incidence of the probability of extubation suc-
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In conclusion, the similarities in our short-term com-
parison between ASV and CV in passively ventilated
patients were more impressive than the differences.
Compared with CV set clinically, ASV was associated
with more efficient CO, elimination in 35% of cases,
slightly lower ventilator work of inspiration, and slower
and deeper ventilatory pattern especially evident in
obstructed patients. The ASV algorithm applied a venti-
latory pattern that was driven by the type and severity of
the derangement in the patient’s respiratory system
mechanics and thus mimicked the approach taken by cli-
nicians in setting CV. In three COPD patients, very high
Vt was observed, possibly related to the set pressure limit.
In all other cases the ASV algorithm resulted in ventilatory
settings within reasonably safe limits [39, 40]. Whether
ASYV will improve clinical outcomes of patients with acute
respiratory failure still must be addressed in future studies.
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Adaptive Support Ventilation Prevents Ventilator-induced
Diaphragmatic Dysfunction in Piglet

An In Vivo and In Vitro Study

Boris Jung, M.D.,* Jean-Michel Constantin, M.D., Ph.D.,1 Nans Rossel, M.D.,t

Charlotte Le Goff, M.D.,1 Mustapha Sebbane, M.D.,* Yannael Coisel, M.D.,+

Gerald Chanques, M.D.,* Emmanuel Futier, M.D.,§ Gerald Hugon,|| Xavier Capdevila, M.D., Ph.D. ,#
Basll Petrof, M.D., Ph.D.,** Stefan Matecki, M.D., Ph.D., 11 Samir Jaber, M.D., Ph.D.1%
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4 )
Automated Non-automated Mean Ditference Mean Difference
Study or Subgroup  Mean [log days] SD [log days] Total Mean [log days] SD [log days] Total Weight IV, Random, 95% Cl [iog days] IV, Random, 95% Cl [log days|
1.11.1 Mexed or medical ICU poputation
Agarwal 2013 208 063 23 22 092 25 30% -0.12[056,032) S——— e—
Bums 2013 283 03% 49 294 093 43 57% 011 041,019 _
Jouvet 2013 205 062 15 252 079 15 23% -047 [-0.98,0.04) 1
Kirakh 2011 23 057 48 238 043 48 95% -009[029,011) =T
Leliouche 2006 248 087 T4 ifn 075 70 67% -0.4310.69,-0.17) _
Liv 2013 264 08 18 335 113 20 15% 0.71 }1.35,-0.07
Rose 2008 192 068 51 202 077 5t 651% -010}038,018
Yirouchak 2008 267 065 108 286 068 100 105% 001 +017,019) —i—
Subtotal (95% C) 388 N2 A5A% 0.181.0.32,-0.04) ES
Heterogenelly Taw=002,ChP=1224. &= 7 (P=009), F=43%
Test for overall efiect 2= 245 (P=0.01)
1.11.2 Surgical ICU poputation
Aghadavoudi 2012 on 012 & 008 008 40 204% 0031002, 008 g
Dongelmans 2009 038 063 o4 049 064 B4 85% 013035009 —
Petter 2003 004 016 18 003 062 16 53% -0.01 0.32, 0.30§ —r—
Schadier 2012 115 149 150 126 167 150 43% 011 047,025 et
Sutzer 2001 an 015 18 013 017 20 161% 0021008,012) r
Subtotal (95% C1) 209 290 54.6% 0.021-0.02, 0.06]
Heterogenelly, Tau®= 0,00, Chi*= 251, o= P = 0.64), "= 0%
Test for overall effect 2= 088 (P=0.33)
Total (95% C1) 677 662 100.0% 0.08 1-0.16, 0.00] 0|
Heterogenalty Tau®= 0.01; ChP = 2366, of=12 (P= 0.02); F= 49% T e
Testfor overall eflect 7= 193 (P = 0.05) Favours sutomated Favours non-automated
Test for subgroup diierences Ché=8692 of=1(P=0009). F=856%
LI-'igum 8 ICU length of stay by study population. |

Rose et al. Critical Care (2015) 19:48 18




Name of the
ventlation mode

Advantages/Main features

Disadvantages/Remarks

Adaptive support
ventilation

(ASV)

SmartCare

Patented closed-loop feedback technique.
Automatically adjusts tidal volume and respiratory
rate based on a calculated minute ventilation

and measured respiratory mechanics to minimize
the work rate of breathing. Can be used for

full and assist ventlatory control. Provides
pressure controlled ventilation to deliver a

target tidal volume

A protocol-driven automatic system for control of
weaning in the PS mode. Automatically and
incrementally adjusts the pressure support level
based on measurement of respiratory rate, tidal
volume, and P.:,.. If measured values are in the
specified “comfort zone," it pushes for weaning by
incrementally reducing the pressure support level

Does not push for weaning. Minute ventilation is
not adjusted contnuously. PEEP and Fy;, are
manually controlled

Uses fixed rules. The changes in respiratory
mechanics do not affect the acceptable ranges of
respiratory rate and tidal volume. Does not
guarantee delivery of minimum ventilation. PEEP
and Fyo. are manually controlled

Interaction patient — respirateur
Titration et adaptation en continu

Incorporent monitoring + poussé que
modes conventionnels
+ systeme de détection des artefacts

Cibles « irréalisables »
Modele physiologique complexe

D’aprés Tehrani, Journal of Clinical Monitoring and Computing (2008) 22:417-424
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Intellivent-ASV = ASV +

Pulse oximetry Capnography

Oxygénation v Elimination CO2
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Feasibility study on full closed-loop control
ventilation (IntelliVent-ASV") in ICU patients with
acute respiratory failure: a prospective
observational comparative study

Jean-Michol Amai’'"", Aude Gamero', Dominik Novonti®, Didier Demory', Laurent Ducros’, Audrey Berric',
Staphane Yannis Danatl’, Gadlle Corno’, Samir Jaber' and lacgues Durand-Gasselin'
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Figure 4 PEEP selected by IntelliVent-ASV"™": PEEP for normal lung patients, ARDS and COPD patients. For each lung condition, all
patients, passive patients and active patients are shown on the left, middle and right box plot, respectively. Comparisons used a Kruskal-Wallis
analysis of variance with a Dunn’s post hoc test. *P <0.05. ARDS, acute respiratory distress syndrome; COPD, chronic obstructive pulmonary
disease; PEEP, positive end-expiratory pressure (cmH;0).
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Intensive Care Med (2013) 39:463-471
DOI 10.1007/s00134-012-2799-2 ORIGINAL
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T
Safety and efficacy of a fully closed-loop
control ventilation (IntelliVent-ASV®)
in sedated ICU patients with acute respiratory
failure: a prospective randomized crossover

study

Fig. 2 Changes in minute 50 - =47
ventilation (MV), FiO, and
PEEP during adaptive support as
ventilation (ASVGZ and
IntelliVent-ASV™ periods of ca.  ___ 6
30 min in a representative ¥ 40 —
patient (patient #10) with acute £ £
lung injury. During the ASV R § g
period, there was no change in ~ =
MV, FiO, or PEEP. During the 8 2
IntelliVent-ASV® period, MV £ 30 b3
decreased progressively from a —PetCO2 (mmHg) a
6.5 to 4 L/min to increase 25
E{CO; from 33 to 43 mmHg ~—MV (L/min)
(top panel). FiO, was initially
reduced but SpO, decreased to 204 -3
90 %. PEEP and FiO, were . »
readjusted to finally achieve an < ASV >< IntelliVent
SpO; of 95 % with FiO, 44 % 100 -~ 16
and PEEP 10 cmH,0 as o= i
compared to FiO, 60 % and 90 /
PEEP 8 cmH,O with ASV _ *5p02 (%) T |14
(lower panel) X 80 -~~~ Fi02 (%) o o
8 ~ — PEEP (cmH20) REEmELS 3 12 o
70
§ ! ' 10 §.
T e e -
- Y Ly &
;3_2, 50 ' T : ' % o
o ' : ' Fou
4 g 40 - S 22 Lo 6
et | 30 — 4
12:53 13:00 13:07 13:14 13:22 13:31 13:40
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A PSSV B Intellivent
ol i “ o .
TAaBLE V—Coefficient of variation (ratio of the
standard deviation to the mean % 100).

Coefficient of variation (%)

. Conventional P value
ASV (Nedz)  Ventlaion

Ppiax 13 (7) 8 (4) <0.001*
Prusp 16 (11) 10 (8) <0.001*
PEEP 20 (16) 10 (9) <0.001*
V/IBW 17 (8) 18 (8) 0.161
RR 19 (9) 20 (10) 0314
Minute volume 16 (8) 17 (6) 0.874
RCiyp 18 (8) 18 (7) 0.821
FiO, 17(17) 12 (9) 0.056
SpO, 2(1) 2(0) 0.030*
P CO, 8 (4) 7(3) 0.230

Values are expressed as median (interquartile range). *P<0.05.
Pyax: maximum pressure; Pyop: inspiratory pressure; PEEP: posi-
tive end-expiratory pressure; V,/IBW: tidal volume on ideal body
weight ratio; RR: respiratory rate; RCp.yp: expiratory time constant;
FiO,: inspired fraction of oxygen; SpO,: oxygen saturation meas-
ured by pulse oxymetry; Pi;CO,: end-tidal partial pressure of car-
bon dioxide.

al o

y 12h 24h 12h12h i 12h .
‘Bialais et al. Minerva anestesiologica 2016;82(6):657-68 Elivieras et a. Anesthesiology 2013; 119:631-41
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p= 0001

Number of manual adjustments

IntelliVant-A5Y Conventional veniilotion

360 p o 0.001

009
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Total number of adjustments

InfalliVani-ASY Conventienal venfilofion

Figure 3.—Number of adjustments on the wventilator
throughout the 48-hour ventilation: A) number of manual
adjustments; B) total number of adjustments (including au-
tomatic adaptations).

Bialais et al. Minerva
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Les modes automatisés :
- permettent pour un grand nombre de
patients, une ventilation similaire a

celle réglée par le clinicien
pourraient étre une aide dans les
unités surchargées
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-I Intellivent-ASV l

J-I SmartCare™ I
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Fio, | 03|04 |04 |05]|]05]|06 |07 |07 |07 |08|09|09 |09 |10
PEEP| 5 5 8 8 10 | 10 | 10 | 12 | 14 | 14 | 14 | 16 | 18 [18-24
High Fio_ /low PEEP table to
- escalate therapy and achieve
normoxemia.
Low Fip /high PEEP table to minimize
o) oxygen exposure and maintain lung
r volume after initial stabilization
PEEP
Fio, |03/03]1]03]03|03|04 |04 ]|05])]05-]0508 |08|09]10]1.0
PEEP| 5 8 10 | 12 | 14 | 14 | 16 | 16 18 20 22 |1 22| 22 | 24

Spo, larget is adjustable by the caregiver.

A high PEEP limit can be set to allow greater
control by the clinician if desired. At the PEEP
limit only Fo, is increased to meet Sy, goals.
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