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Background

Cardiovascular diseases are the leading mortality cause in the world

Cardiac arrest counts:

* 500 000 deaths/year in Europe
* 60000 in France

Mean survival rate of 5%
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Mechanlcal compressmn deV1ces
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Minimal Interruption of chest compressions

...But What about ventilation?
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Ventilation

Resuscitation

ne |- Soar et ol Resuscitation 95 (20 5) 100- M7

the self-inflating bag ventilztes the patient's lungs with ambient air
(21% oxygen). The delivered oxygen concentration can be increased
to about BSE by using a reservair system and attaching oxygen at
3 fiow 101min-". There are no data to indicate the optimal arerial
OO OXYEET SAMIFation (Saly ) suring CPR, and no trials campar-
ing different inspired axygen concentrations. In one observational
study of patients receiving 100% inspired cxygen via a tracheal fube
during CPR, a higher measured Fal; value during CPR was asso-
ciated with ROSC and hospital admission.> | The worss outcomes
associated with a low Pady during CPR could however be an indica-
tiom of illness severity. Animal data and observational dinical data
indicate an association between high 530z aner ROSC and worse
utCome {Section 5 - Post-resuscitation care) 773 542-54

Aflter ROGC, as s00n 3s arterial biood oxygen saturation can be
menitored reliably (by bood gas analysis andjor pulse oximetry),
titrate the inspired oXygen concentration to maintsin the arterial
o0 DXYEEN satUration in the range of S4-98X. Avoid hypox-
2emia, which is also harmiul - ensore reliable mezsurement of
arterial oxygen saturation before redpcing theinspired oxygen con-
eniration. This is a.ddrﬁs!l‘.l in farther defail in Saction 5 - post
resuscitation care.”

Suction

s 3 wide-bare Tigid sucker [Yankauer) to remove liquid (blood,
5aliva and gastTic CONTENts) fTOM the WppeT airway. Lse the sucker
cautiously if the patient has an intact gag reflex; pharyngeal sim-
UL3tion Can provoke vomiting.

Chaking

The initial management of foreign body airway obstroction
(choking] is 2ddressed in Section 2 — basic Efe support ! In an
UNCCMSCIONs patient with suspected foneign body airway costrc-
tiom ifinitizl basic Measures are uUNsWooessiul nse laryngoscopy and
forceps to remave the foreign body under direct vision. To do this
effectively requires rraining.

Vemimtion

Advanced Life Suppart providers should give artifical venti-
lation as soon as possible for any patient in whom spontanecus
ventilation is inadequate or asent. EXpired aif ventilation (rescue
Dbreathing) is effective, but the rescuer's expired CXYEeN CONCem-
tration is only 1617, 50 it MUst be replaced as 500 35 passibie
Iby ventilation with cxygen-enriched air. The pocket resuscitation
mask is similar to an anaesthetic facemask, and enables mouth-
to-mask ventilation. It has 3 unidirectional valwe, wiich directs the
|patient’s expired air away [0 the rescier. Themask is transparent
50 that vomit ar bipod from the patient can be seen. Some masks
have a connectar for the aodition of OXygen. WhEn Using masks
Withoat 3 connector, SUpplemental 0Xygen can be given by placing
the fbing undeTneath ane side and ensuring an adequate seal. Lise
2 two-hand technigue to Maximise the seal with the patient’s face.

High airway pressures can be generated if the tidal volume or
iNSPIratory Now is EXCessive, Predispasing to gastric inflation and
subsequent risk of FEgUTZitation and pulmonary aspiration. The risk
af gastric inflation is increased by:

= malalignment of the head and neck, and an obstructed ai

» an incompetent cesophageal sphincter (present in il patients
wilh cardiac arresty;

# 2 high airway inflation pressure.

Comwersely, if inspiratory Now is too low, inspiratory tme will
e p iged and the time to give chest compressions is

Ieﬂumd. Deliver each breath over approximately 1s. giving a wol-
ume that corresponds to normal chest Movement; this represents

3 compromise between giving an adequate volume, minimising
the risk of gastric inflation, and allowing adequate time far chest
compressions. During CPR with an unprotected airway. give two
wentilations after each sequence of 30 chEst COMPTESSNS.

Inadvertent hyperventilation ouring CPR is COMMON. While this
inreased inirathoracic pressure™'* and peak airway pressures™*
in small case Series in humans. a carefully controlled animal exper-
iment revealed no adverse efeds.™ We suggest 3 ventilation
rate of 10min-1 during contimuous chest compressions with an
advanced airway based on very limited evidence.?

-inflating bag

The seif~inflating bag can be connected to 3 facemask, tracheal
fube or supraglottic airway [SGA) Withaut supplementary ceygen,
the sell-inflating bag ventilates the patient's lungs with 2mbient air
(21 oxygen). The deliversd oXygen CONCEn TLion Can be inmeassd
[0 about B5% Dy USiNg 3 TESeIvir system and Jttaching oxygen at 3
flow 10 1min-1.

Although a bag-mask enables ventilation with high concentra-
tions of oxygen, its use by a single person requires considerable
skill. When used with a face mask. it is often difficult to achieve 3
gas-tight seal between the mask and the patient’s face, and to main-
tain a patent aitway with one hand while squeezing the bag with
the other. Any significant keak will cause hypoventilation and., it
HhE 3irway is not patent, gas may be forced into the stomach, 46548
This will reduce ventilation forther and greatly inorease the risk ol
regurgitation and aspiration. * The twio-person technigue for bag-
mask ventilztion is preferable. Several recent observational studies
and a meta-analysis have Socumented bether CUlCDmes With use ol
bag-mask ventilation With mare advanced airways (SGA
or tracheal tube) *¥551-55 yoweyer, these observation studies are
sbject to signiflcant bias caused by confounders sich as advanced
2irways not being reguired in ENOse patients wiho achieve ROSC and
awaken early.

Once a tracheal tube or 2 SGA has been inserted, ventilate the
Tungs 2t arate of 10breaths min~! and continue chest compressions
without pausing during ventslations. The laryngeal seal achieved
with 3 5GA may not be go0d ENOUZN L0 prevent at least some
g5 leking when inspiration coincides with chest compressions.
Moderate gas leakage is acceptable, particularly as most of this gas
will pass up through the patient's mouth. If excessive gas leakage
results ininadequate ventilation of the patient’s ungs, chest com-
pressions will have to be interrupted to enable ventilation, using 2
Compression-ventilation ratio of 3002

Passve axygen deftvery

In the presence of 3 PaENt 3irway, CNESt COMPTessions alone
mayresult insome wentilation of the lnngs.“5* Oxygen can be deliv-
ered , either via an adapted tracheal tube (BOUSSIgNac
tube), 355557 or with the combination of an oropharyngeal airway
and standard oxygen mask with non-rebreather reservoir.55 In
mMeary, a SGA Can also be used 1o deliver OXygen passively but
this hias yet to be studied. One study has shown higher neurologi-
cally favourable survival with passive oxygen delivery [oral ainsay
and oxygen Mask) COMpared with Bag-mask ventilation aMeT out-
of-hospital VE candiac arrest, but this was a retrospective analysis
and is subject to nomerous confounders.®* Until further data are
availabile, passive OXygEn delVETY Without ventilation is not rec-
ommended for routine use during CPR.

ANernative mirway devices

The tracheal tube has gemerally been considersd the gpti-
mal method of managing the airsay during cardiac arrest?™
There is evidenoe that, without adeguate training and expe-
TiEnce, the inGdence of CoMplications, Such 35 UMTeCOgMised
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3 Questions :
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15t Question :

What if we don’t
ventilate?



Does compression-only cardiopulmonary
resuscitation generate adequate passive
ventilation during cardiac arrest?™

‘\(\g
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 Manual Ventilation:
Self-Inflating bag
FIO, 100%

Vt =700 ml




Pulmonary injury caused by CC without
ventilation

Use of an inspiratory impedance threshold valve
during chest compressions without assisted
ventilation may result in hypoxaemia™ ™™

Holger Herff2*, Claus Raedler?, Rolf Zander®, Volker Wenzel?,

Christian A. Schmittinger?, Erich Brenner€,
Michael Rieger 9, Karl H. Lindner?




2nd Question :

What happens when
we ventilate?
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Do we hyperventilate cardiac arrest patients ?
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Hyperventilation:

e Guidelines well known, but little observed in practice

* Frequency too high rather than excessive V;

Abella BS. JAMA 2005;293:305-310
Bergrath, Resuscitation 2012, Volume 83, Issue 4, Pages 488—493
N. Marjanovic. RESPIRATORY CARE October 29, 2013



Factors affecting manual ventilation performance
140 Healthcare workers

- Simulation of a Respiratory Arrest Patient
- Ingmar ASL 5000
- Bag Valve Mask (5 min)

- Ambu

- Laerdal

A. Khoury et al, Biomed Research International, 2016



Factors affecting manual ventilation performance
BVM

Variable Mean + SD Lower quartile Upper quartile
I—I:;t;:::;(:;s ventilation rate (Ry, bpm) 24%
(VT, M) 333.94 T . . .

BVM insufflation volume (Vijns, ml) 590.20 +£193.31 458.11 723.40
Gastric tidal volume (Vg, ml) 37.58 £ 25.13 18.92 52.43
Lung peak flow (PFLung, L/min) 39.99 + 16.53 28.40 50.16
BVM peak flow (PFgywm, L/min) 69.26 + 28.07 49.16 85.92
Gastric peak flow (PFg, L/min) 5.35+4.33 2.53 7.34
Lung peak pressure (Ppea, CMH,0) 4.81+1.89 3.44 6.04
I_time (I, s) 0.76 £0.26 0.58 0.89
E_time (E, s) 210+1.19 1.28 2.53

Table 2: Ventilation parameter values measured during all the 5 minute ventilation tests (n = 280), realized
with 140 participants ventilating with to different BVM on a simulated apneic patient.

ETT

Variable Mean + SD Lower quartile Upper quartile

| Instantaneous ventilation rate (R, bpm) 23.60 £+ 9.66 16.27 29.09
\ v Ts jasiy) . N " "

BVM insufflation volume (V,,, ml) - - -

Gastric tidal volume (Vg, ml) = - -
Lung peak flow (PF,,,,. [/min) 47.87 +20.06 34.35 57.81

BVM peak flow (PFgyy, I/min) - - .
Gastric peak flow (PF, 1/min) - - -

Lung peak pressure (P,,,,, cmH,0) 7.27+2.93 5.26 8.60
I time (I, s) 0.88 +£0.34 0.66 1.03
E time (E, s) 2.17+1.31 1.27 2.63

Table 2: Ventilation parameter values measured during all the 5-minute vee%cj;ickﬁtos ﬁ,i/%’eO)t Zzwgiome d Researc h /n te/'na Il.ona /’ 2 0 7 6

with 140 participants ventilating with two different BVM on an intubated apn



Hyperventilation

/ Intrathoracic Pressure

\ Coronary perfusioni)ressure

\venous return

\ su rviva1

| rate

Has a deleterious effect on blood flow during CPR



Are there solutions ?
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But How to better optimise
ventilation?
* |deally >>>
* Synchronization to Chest Compressions:

— Compression = Insufflation time
— Decompression = Exsufflation time
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CPV

CARDIO PULMONARY
VENTILATION
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314 Question :

What is the best way
to ventilate?



Throughout the years...

e Passive ventilation ?
e Bag Valve Mask ?
e Supraglottic devices?

e |ntubation ? Wong et al. Resuscitation 2010

e Continuous Flow insufflation ?
Bertrand et al, Infensive Care Med. 2006

Bobrow et al. Ann Emerg Med 2009



JAMA | Original Investigation

Effect of Bag-Mask Ventilation vs Endotracheal Intubation
During Cardiopulmonary Resuscitation on Neurological
Outcome After Out-of-Hospital Cardiorespiratory Arrest
A Randomized Clinical Trial

Primary outcome BMV Difference [95% Cl]
(N=1018)

Survival with good
neurological status at day 28  N=42 (4.2%) N=43 (4.3%) 0.11 [-1.64; 1.87]

A

1%
BVM group Intubation group
better better

BMV group ETl group
(N=1028) (N=1001)

BMV or ETI failure = no. (%) 64(6.3) 26(2.5) <0.0001

BMV or ETI difficulty — no. (%) 186 (18.1) 134 (13.4) 0.004 ETT V/ S M aSk

Regurgitation of gastric content 152 (14.9) 79(7.7) <0.0001

32

P. Jabre, JAMA. 2018;319(8):779-787. doi:10.1001/jama.2018.0156



To intubate or not: ventilation is the question!
BVM

Variable Mean + SD Lower quartile Upper quartile
I—I:;t;:::;(:;s ventilation rate (Ry, bpm) 24%
(VT, M) 333.94 T . . .

BVM insufflation volume (Vijns, ml) 590.20 +£193.31 458.11 723.40
Gastric tidal volume (Vg, ml) 37.58 £ 25.13 18.92 52.43
Lung peak flow (PFLung, L/min) 39.99 + 16.53 28.40 50.16
BVM peak flow (PFgywm, L/min) 69.26 + 28.07 49.16 85.92
Gastric peak flow (PFg, L/min) 5.35+4.33 2.53 7.34
Lung peak pressure (Ppea, CMH,0) 4.81+1.89 3.44 6.04
I_time (I, s) 0.76 £0.26 0.58 0.89
E_time (E, s) 210+1.19 1.28 2.53

Table 2: Ventilation parameter values measured during all the 5 minute ventilation tests (n = 280), realized
with 140 participants ventilating with to different BVM on a simulated apneic patient.

ETT

Variable Mean + SD Lower quartile Upper quartile

| Instantaneous ventilation rate (R, bpm) 23.60 £+ 9.66 16.27 29.09
\ v Ts jasiy) . N " "

BVM insufflation volume (V,,, ml) - - -

Gastric tidal volume (Vg, ml) = - -
Lung peak flow (PF,,,,. [/min) 47.87 +20.06 34.35 57.81

BVM peak flow (PFgyy, I/min) - - .
Gastric peak flow (PF, 1/min) - - -

Lung peak pressure (P,,,,, cmH,0) 7.27+2.93 5.26 8.60
I time (I, s) 0.88 +£0.34 0.66 1.03
E time (E, s) 2.17+1.31 1.27 2.63 A' Khou,y et a/’ BMJ Open

Table 2: Ventilation parameter values measured during all the 5-minute ventilation tests (n = 280), realized Resp ”'atOIy ResearCh’
with 140 participants ventilating with two different BVM on an intubated apneic patient. in Re Vision 20 18



3 Questions :

Two answers

34
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1. There is definitely a need to ventilate

e |f BVM >> 30:2 e RR=8-10/ min
e IfETT >>Continuous ¢ V.=400-600 ml
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Practice survey - Ventilation During Out-Of-

Hospital Cardio-Pulmonary Resuscitation
Preliminary Report : 1328 questionaries / 545 completed

s i
S AJ
| <

ﬁ e gt

Compression only during CPR
(29.6%)

Interuption of compression during intubation:
(48%)

| Interuption of compression during insuflation in
' 3answers intubated patient bag &
P—— (18%) “
Vg

F
!

m

R Cordioli, L Suppan, F Templier, D Savary, S Delisle, A Khoury, L Brochard and JC Richard



Which factor leads to inadequate ventilation?

ResearCh Al’tlde BioMed Research

International

Evaluation of Bag-Valve-Mask Ventilation in
Manikin Studies: What Are the Current Limitations?

A. Khoury," F. S. Sall,"? A. De Luca,"? A. Pugin,’ S. Pili-Floury,’
L. Pazart,” and G. Capellier"‘

There 1s no monitoring during manual
ventilation

No measurement of the No evaluation of the patient No feedback of ventilation

ventilatory parameters clinical needs efficiency




A n a e S t h e S | a Performance of manual ventilation: how to define its efficiency in bench
studies? A review of the literature’

Anaesthesia. 2015 Aug; 70(8): 985-992.
A Khoury," A De Luca,? FS Sall? L Pazart,* and G Capellier® Published online 2015 May 21_ doi: 10 1111/anae 13097

Journal of the Association of Anaesthetists of
Great Britain and Ireland

Manual Ventilation is difficult to realize in stressful conditions

—> Efficiency varying from 0 to 38% according to studies







Monitoring and feedback System

—>Provide a real-time feedback of ventilation efficiency according
to the patient characteristics and the clinical situation

CHRU
Besancon
entre onal universitaire

Ci hospitalier régi



Monitoring and feedback System

Timer bars to provide Bar-graph for

Screen adequate ventilation frequency tidal volume adequacy
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VENTIL MASK
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Insufflated and tidal volume display

Interface (on/off ; selection of ventilation Alarm signals (high frequencies,
modes and patient profile) CHRU leakage...)
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Monitoring and feedback System




Monitoring and feedback System

Ventilation without
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Monitoring and feedback System

Randomized control trial
40 healthcare providers
(anesthetists, emergency physicians and paramedics)

100% -
90% -
80%
70%
60% -
50%
40%
30% -
20%
10% -

0% -

m Efficient ventilation
® [nadequate ventilation

From 15% to 90% of efficient ventilation

Submitted




Is this the future ?



Mechanical Ventilation During Cardiopulmonary Resuscitation With

Intermittent Positive-Pressure Ventilation, Bi-level Ventilation, or

Chest Compression Synchronized Ventilation (CCSV) in a Pig Model*

Kill, Crit Care Med 2014; 42:e89—e95

*  During CC, CCSV mode leads to ventilations with a respiratory rate of 100 per minute

»  Synchronized with the start of each chest compression for a duration of only 205ms and
inspiration being stopped before the decompression period begins.

pressure / mmHg
pressure / mmHg

=
=

% 02 04 06 18 1 12 % 02 04 06 08 1 12
time /s time /s

Figure 2. Arterial pressure (AF, continuous line) and central venous pressure (CVF, dashed line) curves with
chest compression synchronized ventilation (left-hand side) and no ventilation (right-hand side).

Adv Ther (2017) 34:2333-2344 kil PLOS ONE May 26, 2015



Adv Ther (2017) 34:2333-2344 | CrossMatk Advancesin Therapy
DOI 10.1007/512325-017-0615-7 ; . :

ORIGINAL RESEARCH

Mechanical Ventilation During Resuscitation: How
Manual Chest Compressions Affect a Ventilator’s

Function
Defibrillator/| | Mechanical Data ctr | wventilation 1 | ctr | ventilation 2 | ctr | ventilation 3
Monitor Ventilator Recorder
- ; 10s | J0s | 108 | J0s | 1'Ds| J05 —
. @ Patient Hose
Acceleration- & 1205

i ‘and Valve

Fig. 2 Expcrimcntal pmcr:durc. The order of vendlation
e modes (IPPV, BiLevel, CCSV) was randomized in a

--------- ndotracheal

Tube Crossover dcsign with control ph:uics (ctr:l at the hcgi.nni.ng

and in between

T. Speer, Adv Ther (2017) 34:2333-2344 47



Adv Ther (2017) 34:2333-2344 { ) CrossMark Advances in Therapy
DOI 10.1007/512325-017-0615-7 :

ORIGINAL RESEARCH

Mechanical Ventilation During Resuscitation: How
Manual Chest Compressions Affect a Ventilator’s

Function
© Inspiration Expiration
o

= =
3 20 £
Defibrillator/| | Mechanical| | Data 5 =
Monitor Ventilator Recorder § +50 &
, ‘w"‘“_‘-.; _Patient Hose o -
Acceleration: [| and Valve o

p| 4
--------- Endotracheal
Tube
©
= -
° E
= P = PPV
@ & = BiLevel
a o m CCSV
- mm CC
T. Speer, Adv Ther (2017) 34:2333-2344 b




Conclusion

* Yes we need to ventilate
« We need to adapt compressions to ventilation

» Monitoring and feedback are needed to assess
the quality of Ventilation and thus improve
survival

49
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