Perioperacni medicina
optimalni stav ventilace

Jan Maca

kongres CSARIM, Brno, 2019




epidemiologie

pooperacni plicni komplikace (PPC) + jejich
predikce

perioperacni protektivni ventilace
specifické situace (abdominalni chirurgie,
ventilace jedné plice, obezita)

pooperacni opatreni k redukci PPC




epidemiologie



epidemiologie

230 miliona (elektivni i emergentni) chirurgickych vykoni/rok

lokoregionalni vs. celkova anestezie

vSeobecna chirurgie ma az v 5% pooperacni plicni komplikace (PPC)

1 z 5 pacientl s PPC zemre do 30 dnt po vykonu

postoperacni plicni poskozeni (lung injury) = chirurgickd mortalita cca
19%




pooperacni plicni komplikace (PPC)



PPC Postoperative pulmonary complication

Soubor potencialné fatalnich a nefatalnich udalosti, které vzniknou v poopera¢nim obdobi (do 5-7 dn)

neni Uplna shoda, které udalosti tam jednoznacné patfri a které ne

respiracni selhani

plicni poskozeni

pneumonie

protrahovana nebo neplanovana UPV nebo intubace
hypoxémie

atelektaza

bronchospazmus

pleuralni vypotek
pneumothorax

ventilacni utlum
aspirace/aspiracni pneumonitis
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respiracni selhani
plicni poskozeni
pneumonie
protrahovana nebo neplanovana UPV nebo intubace
hypoxemie

atelektaza

bronchospazmus

pleuralni vypotek

pneumothorax

ventilacni utlum

aspirace/aspiracni pneumonitis




Rizikové faktory pro PPC

Patient Characteristics Preoperative Testing

Age Low albumin
Male sex Low Spo, (£95%)

ASA class =3
Previous respiratory infection

Anemia (Hb <10g/dl)

Functional dependency
Congestive heart failure

COPD

Smoking

Renal failure

Gastroesophageal reflux disease
Weight loss

Surgery

Open thoracic surgery
Cardiac surgery

Open upper abdominal surgery
Major vascular surgery

Neurosurgery

Urology

Duration of surgery >2 h
Emergent surgery

Anesthetic Management

General anesthesia

High respiratory driving pressure
(=13cm H,0)

High inspiratory oxygen fraction

High volume of crystalloid admin-
istration

Erythrocyte transfusion
Residual neuromuscular blockade
Nasogastric tube use

Faktory pacienta a klinického
stavu

neovlivnitelné nebo obtizné

ovlivnitelné (50%)

N

Faktory souvisejici s chirurgickym
zakrokem nebo anestezii

nékteré jsou potencialné ovlivnitelné
(50%)




Postoperative pulmonary complication

byla prokazdna prima souvislost mezi PPC a klinickym vysledkem pacientt

( )

prevence a terapie PPC
je nezbytna

Cilem by méla byt komplexni snaha o zlepseni klinického vysledku, ne korekce
jednoho fyziologického parametru (hypoxémie, resoluce atelektazy)



Predikce
PPC

Table 1 - Assess Respiratory Risk in Surgical Patients in Catalonia predictive scores

Variables Scoring
Age (years
=3l 0
51-80 3
=8 16
Preoperative Sp0, (%)
=6 0
91-195 8
=190 24
Respiratory infection in the last month
Mo 0
Yes 17
[Prenperative anemia [Hemoglobin = 10g/dL] ]
Mo 0
Yes A
Peripheral 0
Abdominal 15
Intrathoracic 24

[Durat'lun of surgery ':huurs:]

< 7 0

2-3 16

=3 23
[Emergencv surgery ]

Mo 0

Yes 8

ARISCAT 2010

risk of PPC

Low (1%)

High (38%)

Intermediate (8%)

<26
26-44
> 45

Sp0, - pulse cximetry; Low risk < 26 points: predicted rate of postoperative pulmonary
complications of 0.87%; intermediate risk 26 - 44 points: predicted rate of postoperative
pulmonary complications of 7.82%; high risk = 45 points: predicted rate of postoperative
pulmonary complications of 36.1% #

AUCO0.9




perioperacni (intraoperacni) protektivni ventilace




perioperacni protektivni ventilace

1. koncept prebrany z intenzivni péce (ARDS)

The New England
Journal of Medicine

Copyrighe, 2000, by the Massachuserrs Medical Sociery
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VENTILATION WITH LOWER TIDAL VOLUMES AS COMPARED WITH
TRADITIONAL TIDAL VOLUMES FOR ACUTE LUNG INJURY
AND THE ACUTE RESPIRATORY DISTRESS SYNDROME

THE AcUTE RESPIRATORY DISTRESS SYNDROME NETWORK*

2. i zdrava plice muize byt poskozena UPV

Association Between Use of Lung-Protective
Ventilation With Lower Tidal Volumes

and Clinical Outcomes Among Patients
Without Acute Respiratory Distress Syndrome

A Meta-analysis  JAMA, October 24/31. 2012)[Ary Serpa Neto, MD, VS




perioperacni protektivni ventilace

Epithelial
Alveolar Dasement
epithelium Membrane
VI LI 1. epitel
2. ECM
3. endotel
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layer
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Diffusion
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Capillary endothelium
Interstitial space  Capillary basement membrane



Mechanism

Pathogenesis

inica

Cl
Manifestations

High Pressure

[ Barntrauma]

High Tidal Volume

Volutrauma

Cyclic Reopening

[Atelectrauma

Energy Dissipation <

» Mechanotransduction

\ \
Energy Trauma > Biotrauma
(High Driving Pressure) 4
VILI
Surgery-related factors ]
PPCs
Respirat l Pleural l Aspirati
infecton ¥ Effusion Pneumothorax Pneumonitis
Respiratory Atelectasis Bronchospasm

Failure



perioperacni protektivni ventilace

role

dechovy objem, tidal volume (Vt)
DF (RR)

PEEP

RM

ventilacni mod (PCV vs. VCV)

AP + mechanicka energie

FiO,




Vi

Tidal volume
Surgical (intervention vs _ PEEP -
Study N. mme e _ 7 (intervention vs. Findings
Procedures control, control, cmH,O) “
mlL/kg PBW) ’ 2
Futier et al 45 400 | Abdominal] 6-8 vs. 10-12 6-8 vs. 0 Reduction of PPCs with protective ventilation
Severgnini ef al 4 55 | Abdominal 7vs. 9 10 vs. O Improved pulmonary function with protective
ventilation
Shen er al 44 101  |Thoracig Svs. 8 S5vs. 0 Reduction of PPCs with protective ventilation
Sundar er al #3 149 [ Cardiac 6 vs. 10 Titrated on the  Reduction of re-intubation rate with protective
ARDSnetwork  ventilation
table
Ge et al 47 60 Spinal 6 vs. 10-12 10vs. O Reduction of PPCs with protective ventilation
PROVHILO 48 894 |Abdominal 8 vs. 8 12 vs. 0-2 |No differencejbetween higher vs lower PEEP in

PPCs, but higher incidence of intraoperative
hypotension

o

PROVHILO

redukce PPC pri pouziti low Vt versus high Vt

kontroverzni nastaveni PEEP




Vit

6-8 ml/kg PBW

predicted (ideal) body weight '

kalkulator

https://www.mdcalc.com/ideal-body-weight-adjusted-body-weight

velikost plice koreluje s vyskou a pohlavim, ne s aktudlni vahou



https://www.mdcalc.com/ideal-body-weight-adjusted-body-weight

pri low Vt titrace RR k EtCO, 35-45 mmHg




PEEP

Positive end-expiratory pressure improves end-expiratory lung volume but
not oxygenation after induction of anaesthesia

Tanie ie
Article in European Journal of Anaesthesiology - June 2010 Emmanuel Futier

PEEP 10 cmH,0 redukce intraoperacni atelektazy, zlepSeni Crs, udrzeni EELV (FRC) pfi CA
u obéznich i neobéznich pacientd

High versus low positive end-expiratory pressure during general
anaesthesia for open abdominal surgery (PROVHILO trial): a
multicentre randomised controlled trial

The PROVE Network Investigators Clinical Trial Network of the European Society of
Anaesthesiology

Low (2 cmH20) vs. High PEEP (12 cm H20) || abdominal surgery large MC RCT

frekvence PPC obdobna mezi skupinami
™ hemodynamicka instabilita u high PEEP skupiny




neobezni pacient nizka az stredni hladina PEEP 5-10 cmH,O
obezni pacient vyssi hladina > 10 cmH,0O
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Bag squeeze, regulacni tlakovy ventil
na 30- 40 cmH,0

Zména Vt, PEEP na 12, pak 8ml/kg, a
4ml/kg do PIP 30-40 cmH,0

Zmeéna PEEP za konstantniho A P
Do PIP 40 (u obéznich 50-60 cmH,0)




doporuceno

Airway Pressure cmH,0 O

>

Zména PEEP za konstantniho A P
Do PIP 40 (u obéznich 50-60 cm H,0)

Time




Pressure

AP = Vt/Crs

B

AP = Ppiat - PEEP
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'he NEW ENGLAND JOURNAL of MEDICINE

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.

1o L.V. Costa, M.D.. David A. Schoenfeld, Ph.D.
ias 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

9 studii, n = 3562 post hoc analysis no inspiratory effort
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Intraoperative protective mechanical ventilation
and risk of postoperative respiratory complications:
hospital based registry study

Karim Ladha, research fellow, Marcos F Vidal Melo, associate

professor, [...], and Matthias Eikermann, associate professor of

anesthesia and critical care medicine, clinical director BV 2015

retrospektivni studie

intraoperacni j>  PPC (2x)
AP >13cm H,0




Ventilator-related causes of lung injury: @
the mechanical power

L. Gattinoni®’, T. Tonetti', M. Cressoni?, P. Cadringher?, . Herrmann', O. Moerer!, A. Protti®, M. Gotti?,
C. Chiurazzi®, E. Carlesso?, D. Chiumello* and M. Quintel’

ICM 8/2016

mechanical power = AP x V.x RR

The mechanical power increases:

* Vi, AP, and flow (exponentially,exponent = 2)
* RR (exponent =1.4)

* PEEP (linearly)




(A & d

elevace PEEP by neméla vést k navyseni AP




Fio,

indukcnifaze CA uziti Fi0, 100%

bezpecnost time-window do intubace > rizika atelektazy

eVvVvV/

po intubaci k udrfeni Sp0, = 92%

ke { rizika HALI




abdominalni chirurgie




Settings of volume-controlled mechanical ventilation in

non-obese patients during open abdominal surgery

Non-injured lungs
(no ARDS)

Initial settings

(e V; = 6-8 ml/kg PBW \

* PEEP <2 cmH,0
* FIO, 2 0.4 to SpO, 292%
\. RR to P CO, 35-45 mmHg)

No recruitment maneuvers

e If SpO, <92% set FIO,/PEEP:
0.5/2; 0.6/2; 0.6/3; 0.6/4; 0.6/5;
0.7/5; 0.8/5; 0.8/6 (as sequence)

Consider single recruitment
maneuver with stepwise
Vyincrease® if SpO, <92%

Injured lungs
(ARDS)

Initial settings

e V; = 6 mL/kg PBW
* FIO, /low PEEP table!28

* RR < 35 to arterial pH = 7.30-7.45

No recruitment maneuvers

* Reduce V; up to 4mlL/kg PBW
to Pplat < 30 cmH,0

* High PEEP table'?8 in severe ARDS %7

Consider maximal recruitment
maneuver'3%if PaO, <55 mmHg

to PaO, = 55-80 mmHg or IR CERII G
SpO, = 88-95%



torakochirurgie (ventilace jedné plice)
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kolaps plice
One-lung ventilation VS.

overdistenze a /" inspiracni tlaky v druhé + > RR

RESEARCH Open Access

Intraoperative mechanical ventilation Lo
strategies in patients undergoing one-lung
ventilation: a meta-analysis

Zhen Liu', Xiaowen Liu'?, Yuguang Huang' and Jing Zhao"

Liu et al. SpringerPlus (2016)

metaanalyza 11 studii, n=436

* Vt< 6 ml/kg PBW

* PEEP25cmH,0

» efekt RM je nejasny
e PCV=VCV




¢eka se na....

STUDY PROTOCOL Open Access

Protective ventilation with high versus low Qw
positive end-expiratory pressure during -
one-lung ventilation for thoracic surgery
(PROTHOR): study protocol for a
randomized controlled trial

T. Kiss' '@, J. Wittenstein'", C. Becker', K. Birr', G. Cinnella?, E. Cohen®, M. R. El Tahan®, L. F. Falcao®, C. Gregoretti®,
M. Granell’, T. Hachenberg®, M. W. Hollmann?, R. Jankovic'®, W. Karzai'", J. Krassler'?, T. Loop'®, M. J. Licker'",

N. Marczin™"®"7 G. H. Mills"® M. T. Murrell'®, V. Neskovic?®, Z. Nisnevitch-Savarese”', P. Pelosi?>*, R. Rossaint’”,
M. J. Schultz”?®, A. Serpa Neto”, P. Severgnini®®, L. Szegedi*®, T. Vegh®*®*', G. Voyagis****, J. Zhong™***,

M. Gama de Abreu’, M. Senturk®®, for the PROTHOR investigators and the Research Workgroup PROtective
VEntilation Network (PROVEnet) of the European Society of Anaesthesiology (ESA)

Kiss et al. Trials (2019) 20:213







Rizika obezity stran UPV

1. komorbidity (hypertenze, dyslipidemie, CAD, CHRI, CHOPN,
DM,...)

2. respiraCni patologie (porucha mechaniky ventilace)

e atelektazy

* kolaps malych DC (expiracni flow limitace), auto PEEP
¢ \l/ Ccew a Raw

* hypoxemie/hyperkapnie




doporuceni UPV pfi CA u obéznich pacientt

Ventilatory mode

VCV = PCV
, PCV-VG may be helpful
Tidal volume o Airway pressure
6-8 mL/kgPBW as suggested _ ; PIP/Ppl=30cmH,0 as
reasonable target & : suggested reasonable target

Recommendations for

intraoperative ventilation

Respiratory rate ‘ of obese patients
Titrated for normocapnia

PEEP
- Optimal fixed PEEP unknown

PEEP titrated to maximum Cdyn,
Pa0,, or SpO, seems reasonable

maneuvers, more efficient in_

( Perioperative adjuvant maneuvers reducing atelectasis and improving
FiO2 e oxygenation. Prepare for possible
- ) Position: head-up or reverse Trendelenburg hypotension
inimize to assure Sp0,290% Encourage deep breathing: incentive )
spirometry, early mobilization

Consider perioperative CPAP/BiIPAP (pre-
induction, postoperative)

Minimize respiratory depressants, consider
regional technigue

Prepare for possible difficult airway
management



pooperacni opatreni k redukci PPC

* beach chair position
e fyzioterapie =

* neinvazivni respiracni podpora (NIV, HFNC)
* kratkodoba hospitalizace na JIP
* tekutinova terapie iy’ aull
* specificka analgetizace s minimalizaci utlumu

dechového centra
e vyuziti regionalnich technik analgetizace




Zaver

predoperacni hodnoceni

intraoperacni ventilace

poooperacni prevence a
reseni PPC

protektivni



__zdroje Intraoperative Protective Mechanical Ventilation for
Prevention of Postoperative Pulmonary Complications

A Comprehensive Review of the Role of Tidal Volume, Positive
End-expiratory Pressure, and Lung Recruitment Maneuvers
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Intraoperative mechanical ventilation: state of the art
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Perioperative lung protective ventilation in obese
patients
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