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Objectives

1. Review essential respiratory physiology
2. Define what is lung protective ventilation
3. Clinical setting: what should, or can | do?

4. THRIVE: oxygenation and ventilation during apnea

“



Objectives

1. Review essential respiratory physiology




Respiratory conseguences anesthesia

Sedation
* Decreased response to PaC0O2 and Pa0?2
e Airway tone decreases
* Lower FRC: functional surface decreases

Supine position
* FRC decreases
* Resistance of dependent lung areas increase
* Ventilation of nondependent lung zones increases
» Atelectasis of the dependent parts

ETT
* No laryngeal braking

NMBA

* No diaphragmatic braking
* FRC decrease




Progressive cephalad displacement
of the diaphragm

Initial upright
position

Supine
position

Surgical position Induction of
and displacement anesthesia
Paralysis

Children: decreased outward recoil of the chest wall

Davis et al, JAP 1988
Hatch and Fletcher, BJA 1992



Awake

Anesthesia
1.FRC ¢

2.Clyng ¢
3.Raw ¢







The Diaphragm Acts as a Brake during Expiration to Prevent
Lung Collapse

Mariangela Pellegrini'®, Géran Hedenstierna®, Agneta Roneus’, Monica Segelsjt®, Anders Larsson’, and
Gaetano Perchiazzi'®
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ORIGIN

The Diaphragm Acts as a Brake during Expiration to Prevent
Lung Collapse

Mariangela Pellegrini'®, Géran Hedenstierna®, Agneta Roneus’, Monica Segelsjt®, Anders Larsson’, and
Gaetano Perchiazzi'®
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How does the lung inflate?

Transpulmonary pressure (P, ) = airway pressure (P, ) — pleural pressure (P,)

Nondependent

Dependent ﬂ



How does the lung inflate?

Transpulmonary pressure (P, ) = airway pressure (P, ) — pleural pressure (P,)

Nondependent

Ppl

+++

Dependent ﬂ



How does the lung inflate?

Transpulmonary pressure (P, ) = airway pressure (P, ) — pleural pressure (P,)

Nondependent

++ /

Paw _ Ppl

++ +++

Dependent ﬂ




How does the lung inflate?

Transpulmonary pressure (P, ) = airway pressure (P, ) — pleural pressure (P,)

Nondependent
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You can not ignore gravity

Abdominal |
pressure

Lung collapse

Position-dependent: even more collapse in the lateral position

_A



Steep Trendelenburg...

Pneumoperitoneum...
\ Capnothorax...




Paediatric Anaesthesia 1999  9: 225-228

Pulmonary atelectasis Jo—<—-z-~J--*---
anaesthesia: CT scan e
positive endexpiratory

G. SERAFID
A. MORI mr



Recruit ‘recruitable’ lung

Nondependent
A'Almost SVery patient i A

pressure

Lung collapse

Dependent ﬂ
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Objectives

2. Define what is lung protective ventilation

M



What'’s really important:
PEEP, low tidal volume,

or driving pressure?

“



WARNING
ADULT

The NEW ENGLAND JOURNAL of MEDICINE CONTENT

SPECIAL ARTICLE

Driving Pressure and Survival in the Acute
Respiratory Distress Syndrome

Marcelo B.P. Amato, M.D., Maureen O. Meade, M.D., Arthur S. Slutsky, M.D.,
Laurent Brochard, M.D., Eduardo L.V. Costa, M.D., David A. Schoenfeld, Ph.D.,
Thomas E. Stewart, M.D., Matthias Briel, M.D., Daniel Talmor, M.D., M.P.H.,

Alain Mercat, M.D., Jean-Christophe M. Richard, M.D.,
Carlos R.R. Carvalho, M.D., and Roy G. Brower, M.D.




Driving pressure AP

P, s — PEEP = AP

Driving Pressure

o

C . Pause I PEEP

Time

€

‘Volume’

Marini, Crit Care 2019 ‘ !'



Multivariate Relative Risk
of Death in the Hospital

Airway Pressure (cm of water)
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WARNING

PROVE ADULT

CONTENT

THE LANCET
Respiratory Medicine

ARTICLES | VOLUME 4, ISSUE 4, P272-280, APRIL 01,2016

Association between driving pressure and development of postoperative
pulmonary complications in patients undergoing mechanical ventilation
, for general anaesthesia: a meta-analysis of individual patient data

Prof Ary Serpa Neto, MD “ =1 . Sabrine N T Hemmes, MD » Prof Carmen SV Barbas, MD » Martin Beiderlinden, MD

Ana Fernandez-Bustamante, MD » Prof Emmanuel Futier, MD « etal. Show all authors

Published: March 03,2016 « DOI: https://doi.org/10.1016/S2213-2600(16)00057-6

Serpa Neto et al Lancet Respir Med. 2016




WARNING

TV / PEEP / DP ADULT

CONTENT

N Protective Conventional
V, PEEP AP Mean Male N V, FEEP AP
age
(years)

Wrigge et al (2004) 62 6 10 138 570 793% 29 12 o 122
Zupancich et al (2005) 13 8 10 83 GbG.5 G0-0% 21 10 2-3 12-8
Reis Mirandaetal (2005) 44 6 10 plus RM 92 630 54.5% 23 8 § 188
Schilling et al (2005) 110 5 0-2 140 600 B75% 75 10 0=-2 144
Wolthuis et al (2008) 46 6 10 133 620 67.0% 24 12 0 249
Lin et al (2008) 102 5 3-5 135 550 75:0% 50 g 0 200
Weingarten et al (2010) 40 6  12plus RM 96 738 750% 20 10 © 198
Sundar et al (2011) 149 1 g 11-6 660 B6-74% 75 10 g 14-8
Treschan et al (2012) 101 6 5 58 680 72:0% 52 12 5 87
Memtsoudis et al (2012) 24 6 8 53 600 46:1% 10 12 0 7.2
Unzueta et al (2012) 40 6 8 plus RM 117 590 75.0% 40

Severgnini et al (2013) G5 7 10 plus RM 83 655 64.3% 28 q 0 Q.7
Futier et al (2013) 400 6 6-8pluskM 84 616 58.0% 200 12 0 163
Maslow et al (2013) 32 5 5 136 612 25.0% 16 10 0 22.9
Hemmes et al (2014) 889 8 12 plus RM 150 650 G80% 445 g8 =2 158
Qutub et al (2014) 39 4-6 5plus RM - 41-8 Bo-Bw 26 B 5 plus RM
Kokulu et al (2015) 40 6 8 53 417 0-0% 20 12 0 100

Serpa Neto et al Lancet Respir Med. 2016



WARNING
TV / PEEP / DP ADULT

CONTENT
Univariate logistic ~ Multivariable Mediation analysis
regression (OR, logisticregression”  using bootstrap”
95% ClI) (OR, 95%Cl) (ACME, 95% Cl)
Randomisation (protective) 0-56 (0-42-0-75) 0-85 (0-05-13-50) 0-42 (0-14-1.19)
Tidal volume (mL/kg PEW) 1-14(1-07-1-22) 1-05 (0-98-1-13) 0-91 (0-62-1-26)
PEEP (cm H,0) 099 (0-95-1-02) 0-83 (0-59-1-16) 1.46 (0-88-236)
Driving pressure (cm H.0) 1-06 (1-02-111) 116 (1-13-1-19) 1-27 (1-07-1-48)

OR=odds ratio. ACME=average causal mediation effect. PEW=predicted bodyweight. PEEP=positive end-expiratory
pressure, * Adjusted for variables described in table 2 and using generalised linear mixed model.

Serpa Neto et al Lancet Respir Med. 2016



TV /PEEP /DP

Adjusted odds ratio (95% CI)

1 [ ]

l

Serpa Neto et al Lancet Respir Med. 2016

|

I I
Low PEEPgroup  Decrease in No changein Increase in

driving pressure  driving pressuré  driving pressure

Response of driving pressure

WARNING

ADULT
CONTENT




WARNING

TV / PEEP / DP ADULT

CONTENT

22 ORIGINAL CLINICAL RESEARCH REPORT

Driving Pressure-Guided Individualized Positive
End-Expiratory Pressure in Abdominal Surgery:
A Randomized Controlled Trial

Chengmi Zhang, MD, PhD,* Fengying Xu, MD, PhD,t Weiwei Li, MD, PhD,* Xingyu Tong, MD,*
Ran Xia, MD,* Wei Wang, MD,* Jianer Du, MD,* and Xueyin Shi, MD*

CV: PEEP 6, TV 6ml/kg
PV: indiv PEEP (median 10), TV éml/kg

Zhang et al A&A 2021 ‘ !'



WARNING

TV / PEEP / DP ADULT

CONTENT

22 ORIGINAL CLINICAL RESEARCH REPORT
Driving Pressure-Guided Individualized Positive
End-Expiratory Pressure in Abdominal Surgery:
A Randomized Controlled Trial

Chengmi Zhang, MD, PhD,* Fengying Xu, MD, PhD,t Weiwei Li, MD, PhD,* Xingyu Tong, MD,*
Ran Xia, MD,* Wei Wang, MD,* Jianer Du, MD,* and Xueyin Shi, MD*

Individualized PEEP group (n = 67) Fixed PEEP group (n = 67) Relative risk (95% Cl) P value

Primary outcome
Clinically significant PPCs (within 7 d) 26 (38.8%) 42 (62.7%) 0.619 (0.435-0.881) .0062

Driving pressure change 1.8 cmH,0

Zhang et al A&A 2021 ‘ !'



TV /PEEP /DP

Driving Pressure Is Associated With Outcome in
Pediatric Acute Respiratory Failure

van Schelven, Patrick MSc'; Koopman, Alette A. MSc'; Burgerhof, Johannes G. M. MSc%; Markhorst, Dick
G. MD, PhD?; Blokpoel, Robert G. T. MD'; Kneyber, Martin C. ). MD, PhD, FCCM*

Author Information®©

Pediatric Critical Care Medicine: March 2022 - Volume 23 - Issue 3 - p e136-e144
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Effect of lower driving pressure during
anesthesia in the OR on postoperative
(pulmonary) outcome in children?

No data!

M



Objectives

3. Clinical setting: what should, or can | do?

M



Recruit the collapsed lung?

With PEEP?

M



EJA Eur J Anaesthesiol 2021; 38:1026-1033

LOPEN]

ORIGINAL ARTICLE

Effects of positive end-expiratory pressure/recruitment
manoeuvres compared with zero end-expiratory pressure
on atelectasis in children

A randomised clinical trial

Change Zhu, Saiji Zhang, Junli Dong and Rong Wei

PEEP 5+ RM vs ZEEP

_A



Points

Degrees of lung aeration

Palterns

0 point

Normal aeration

Horizontal A-lines
(or no more than two B-
lines)

1 point

Moderate loss of
aeration

Multiple B-lines,

either regularly spaced (7
mm apart), or irregularly
spaced and even
coalescent but only
visible in a limited area of
the intercostal space

2 points

Severe loss of aeration

Multiple coalescent B-
lines, in prevalent areas
of the intercostal spaces
and observed in one or
several intercostal
spaces

3 points

Complete loss of
aeration

Lung consolidation,
with or without air
bronchograms

Mayo et al ICM 2019




Posterior chest

LUS score

Posterior chest regions
Pre-operative
After anaesthesia induction
Immediately after surgery
Immediately after intubation
15 min after intubation
3 h after extubation
12 h after extubation
24 h after extubation

Zhu et al EJA 2021

After induction

After surgery

After extubation

Lung protective group (n=30)

0 [0 to O]
0 [0 to O]
4 [4 to B]
3 [3 to 4]
3 [2 to 3]
0 [0 to O]
0 [0 to O]
0 [0 to O]

15 mins after
extubation

Control group (n = 30)

3 hours after
extubation

0 [0 to 0]
0 [0 to O]
8 [4 to 6]
4[4 to 4]
3[2 to 3]
0 [0 to O]
0 [0 to 0]
0 [0 to O]




After induction

Posterior chest

After surgery After extubation

3 hours after
extubation

15 mins after
extubation

roup

70
60
50
40 .
30 '
: 20
’ 10
: TO Bt | T2 T3 T4 T5 T6 T7
Posterior chest re
Pre-operative Time point 0 [0 to O]
After anaesthes P C 0 [0 to 0]
Immediately afte group group 8 [4 to 6]
Immediately after intuoaton S LS 10 4] 4 [4 to 4]
15 min after intubation 3 [2 to 3] 3 [2 to 3]
3 h after extubation 0 [0 to 0] 0 [0 to 0]
12 h after extubation 0 [0 to O] 0 [0 to 0]
24 h after extubation 0 [0 to 0] 0 [0 to O]

Zhu et al EJA 2021




WARNING
It’s all about the transpulmonary pressure |ADULT
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WARNING
It’s all about the transpulmonary pressure |ADULT
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WARNING

It’s all about the transpulmonary pressure |ADULT
CONTENT
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Are we afraid of higher PEEP in children?

30
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20 A
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N B O ®
o

»

Khemani et al AJRCCM 2018



Are we afraid of higher PEEP in children?
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Recruit the collapsed lung?

With a RM?

M



EJA Eur J Anaesthesiol 2018; 35:573-580
ORIGINAL ARTICLE

Lung recruitment prevents collapse during laparoscopy
in children

A randomised controlled trial

Cecilia M. Acosta, Tomas Sara, Martin Carpinella, Giovanni Volpicelli, Lila Ricci, Sergio Poliotto,
Diego Abrego, Sergio Gonorazky, Stephan H. B6hm and Gerardo Tusman

Staircase PEEP to 15c¢cmH,0

_A



EJA Eur J Anaesthesiol 2018; 35:573-580
ORIGINAL ARTICLE

Lung recruitment prevents collapse during laparoscopy
in children

Before CP During CP After CP




EJA Eur J Anaesthesiol 2018; 35:573-580
ORIGINAL ARTICLE

Lung recruitment prevents collapse during laparoscopy
in children
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Recruit the collapsed lung?

After surgery?

M



Received: 17 January 2018 Revised: 28 August 2018 Accepted: 5 September 2018

DOI: 10.1111/aas.13324

A thesiologi
ORIGINAL ARTICLE AC LA srcsthesiologica

Post-extubation continuous positive airway pressure improves
oxygenation after pediatric laparoscopic surgery: A randomized
controlled trial

Hala S. Abdel-Ghaffar! | Hamdy A. Youseff' | Fatma A.Abdelal’ | Mohamed A. Osman?
Jehan A. Sayed® | Mohamed Amir Fathy Riad® | Marwa M. Abdel-Rady’

M



Abdominal Abdominal

Inducti Extubati 1 h top.
ZEEP Group o inflation deflation | ation | postop
Preoxyg. ' I | | %
100% O; eEER ZEEP ZEEP ZEEP enture 0.4
Fi0; :1
RM Group RM+ : I
I | |
Prec;xyg_ PEEP Decremental PEEP CPAP Venture 0.4
iy o 3cmH,0 PEEP trial
F102 3 |
RM-CPAP Group | RM +
. I I
Prezxyg. PEEP Decremental PEEP CPAP NiCPAP
1300/0 402 3emH;0 PEEP trial mask (5 min)
e Venture 0.4

Best postop P,O2 with RM+CPAP

Abdel-Ghaffar et al, AAS 2018



Recruit the collapsed lung?

Guided by ultrasound?

M



Anaesthesia 2017, 72, 214-222 doi:10.1111/anae.13713

Original Article

Effects of an alveolar recruitment manoeuvre quided by lung
ultrasound on anaesthesia-induced atelectasis in infants: a
randomised, controlled trial

L-K. Song,' E.-H. Kim,' J.-H. Lee,' S. Ro,” H.-S. Kim® and J.-T. Kim*

Fixed DP, staircase PEEP until Pplat 40 cmH,0

&A



First ultrasound examination
Consolidation score
In the anterior regions
In the lateral regions
In the posterior regions
B-lines score
In the anterior regions
In the lateral regions
In the posterior regions
Second ultrasound examination
Consolidation score
In the anterior regions
In the lateral regions
In the posterior regions
B-lines score
In the anterior regions
In the lateral regions
In the posterior regions

Recruitment Manoeuvre group
n =20

11.0 (8.0-15.0 [3.0-21.0])
2.5 (1.8-3.0 [0.0-4.0])
3.0 (2.0-4.0 [0.0-6.0])
5.0 (4.0-9.0 [0.0-12.0])

12.0 (8.0-16.0 [4.0-29.0])
2.5 (1.0-4.0 [1.0-8.0])
3.5 (1.8-4.0 [0.0-10.0])
6.5 (4.0-8.3 [1.0-12.0])

6.0 (3.0-9.3 [0.0-14.0])
1.0 (0.0-3.3 [0.0-4.0])
1.5 (1.0-3.0 [0.0-4.0])
3.0 (2.0-4.3 [0.0-6.0])
6.5 (3.0-12.0 [0.0-28.0])
1.0 (1.0-3.3 [0.0-8.0])
2.0 (0.8-3.0 [0.0-9.0])
3.0 (2.0-6.0 [0.0-11.0])

p value*

< 0.001

0.004
< 0.001
< 0.001
< 0.001

0.007
< 0.001
< 0.001

Control group

n=20 p value’
10.0 (8.0-12.3 [3.0-20.0])

3.0 (2.0-4.0 [0.0-4.0])

3.5 (2.0-4.0 [0.0-6.0])

4.0 (3.0-6.0 [1.0-12.0])
11.5 (8.0-13.5 [1.0-20.0])

3.0 (2.0-4.0 [0.0-5.0])

3.0 (2.8-4.0 [0.0-6.0])

5.0 (3.8-7.0 [0.0-11.0])

13.5 (11.0-16.5 [8.0-23.0]) < 0.001
4.0 (2.8-4.0 [2.0-4.0]) 0.027
4.0 (4.0-4.3 [2.0-7.0]) 0.005
6.0 (4.0-9.3 [3.0-12.0]) < 0.001

15.0 (10.8-20.5 [7.0-28.0]) < 0.001
4.0 (2.8-5.0 [2.0-7.0]) 0.001
4.0 (3.0-5.3 [1.0-9.0]) 0.002
6.5 (4.8-11.0 [2.0-12.0]) < 0.001

p value*

0.412
0.265
0.571
0.073
0.571
0.549
0.975
0.128

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001



EJA Eur J Anaesthesiol 2020; 37:719-727
ORIGINAL ARTICLE

Effect of an ultrasound-guided lung recruitment
manoeuvre on postoperative atelectasis in children

A randomised controlled trial

Ji-Hyun Lee, Seungeun Choi, Sang-Hwan Ji, Young-Eun Jang, Eun-Hee Kim,
Hee-Soo Kim and Jin-Tae Kim

Fixed DP, staircase PEEP until Pplat 30 cmH,O or more

Control group Ultrasound group
Variables (n=43) (n =43)

Maximum pressure for lung recruitment at T1 (cmH,0) 30 [30 to 30] 35 [35 to 40]

Maximum pressure for lung recruitment at T2 (cmH,0) 30 [30 to 30] 35 [30 to 35] I




Recruit the collapsed lung?

What are my options?

M



Strategies to reduce atelectasis

Bruins et al, Ped anesthesia 2021

Continuous positive airway pressure (30-40 cmH,O) for 5-10 s

Multiple prolonged breaths of 30-40 cmH,O of continuous
pressure over PEEP

Stepwise increase in airway pressure to max 40 cmH,O under
LUS guidance

PCM with constant driving pressure of 15 cmH,O and stepwise
increase by 5 cmH,O until 30-40 cmH,O

PEEP >4 cmH,O

Postural RM, particularly following thoracotomy
Avoiding high FiO,

RM with cuffed ETT superior to SGA/face-mask

Avoidance of neuromuscular blockade




Objectives

4. THRIVE: oxygenation and ventilation during apnea

“



B)

©
.
-
ﬁ

(E)




Trachea

Oropharynx

-

0 Velocity (cm.s”) 1 0 Velocity (cm.s’) 6

Peak inflow
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(c)

Peak outflow
e

Tom Barnes



B] A British Journal of Anaesthesia, 118 (2): 232-8 (2017)

doi: 10.1093/bja/aew401
Paediatrics

PAEDIATRICS

Transnasal humidified rapid-insufflation ventilatory
exchange (THRIVE) in children: a randomized
controlled trialt

S. Humphreys®?, P. Lee-Archer'?, G. Reyne™, D. Long">*, T. Williams™> and
A. Schibler*>*

_A



Study arm and Published apnoea Apnoea 95% CI Pre-apnoea PE'CO2 95% CI Post-apnoea PE'CO2 95% CI

age group time** [s, mean (sp)] time (s) (mm Hg) (mm Hg)
Control
0-6 months 96.5 (12.7) 109.2 28.8 33.0 29 425 6.5
6-24 months 118.5 (9.0) 147.3 18.9 313 3.8 38.4 8.0
2-5yr 160.4 (30.7) 190.5 15.3 30.7 24 47.2 8.0
6-10yr 214.9 (34.9) 260.8 37.5 327 3.0 46.7 48
THRIVE
0-6 months 192 315 25 42.8 5.3
6-24 months 236 335 29 58.2 4.5
2-5yr 320 325 2.5 51.2 83
6-10yr 430 36.7 35 58.2 89
500 -
A Control
450 1 @ THRIVE
®
400 -
350 -
[
300 -
: }
o 250 -
£
E ®
200 ® ;
150 - ;
100 - *
50 -
0
0-6 months 6-24 months 2-5yr 6-10 yr

Humphreys et al BJA 2017



asynchrony with auto-triggering. High-flow nasal oxygen (HFNO) has emerged as an
alternative to NIV when trying to decrease the work of breathing and improve
oxygenation in children. HFNO delivers humidified and heated oxygen at rates between 2
and 70 L/min using specific nasal cannulas, and flows are determined by the patient's
weight and clinical needs. HFNO can be useful as a method for preoxygenation in infants
and children by prolonging apnea time before desaturation, yet in children with
decreased minute ventilation or apnea HFNO does not improve alveolar gas exchange.
Clinicians experienced with these devices, such as pediatric intensivists and pulmonary
medicine specialists, can be useful resources for the pediatric anesthesiologist caring for
complex patients on NIV.

Sequera-Ramos et al, Ped anesthesia 2021



summary

- Recruit ‘recruitable’ lung:
Recruitment maneuvers and PEEP

transpulmonary pressure:
- Obese?

- modern surgical setting: steep Trendelenburg,
capnothorax, pneumoperitoneum, etc

- shunt / SpO,
- Lower driving pressure?

No good data, but excellent physiological rationale

- Your pediatric intensivist as a resource ;) ﬂ
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