Lung Recruitment and PEEP Titration
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Positive End Expiratory Pressure (PEEP)
® Definition
- PEEP #® alveolar pressure above atmospheric pressure that exists at the end of expiration
- Physiologic PEEP fi® Lﬁaﬂulmmﬁﬂﬁlaaﬂem glottis 9zUn waz lung &l surfactant vl alveoli lai collapse
11 pressure fAnsagluveon 138031 physiologic PEEP

- Functional Residual Capacity (FRC) fia lung volume inswasey nasanmelasenanlunmizuni duans
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Extrinsic PEEP/External PEEP
Provided by mechanical ventilator Un@iiaaswelasenga vocal cord agla vilviiAn physiologic PEEP
Lwié'ﬂaaﬁ"l,é’%'um{[.d ETT vocal cord aglaifimeUnaiin inswazdu 3ediosdern PEEP 7 ventilator #e
- Physiologic PEEP : 3-5 cmH20
- Therapeutic PEEP : >5 cmH20 @1 Tun1iz ARDS

Intrinsic PEEP/Auto PEEP
- Secondary to incomplete expiration
- Air trapping

- obstructive lung disease ex. COPD, asthma

PEEP vs CPAP
- Positive End Expiratory Pressure (PEEP) ventilator support
- Continuous Positive Airway Pressure (CPAP) Spontaneous breathing
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Effect of PEEP
PEEP finsUseleviuayiny Yusgivanizveswieudazau Suavdmadoszuulvalisuladinuaznisviia

Vo0 TeEALANA1NiY (FUN 4)

1 ICP, | CPP

Noninjured lung [ l ARDS

Brain injur
q"dp' S , ; W

e

Preexisting cardiovascular conditions

Normal LV function Acute LV failure
and hypovalemia Acute RV failure
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n19ifta PEEP vl¥iAn increased intrathoracic pressure dvazdwasofiaeluanmefiunnsaiu duieluid
- Normal LV function and hypovolemia : PEEP —> Increased intrathoracic pressure —> Decreased
Venous Return (VR) = Decreased Cardiac Output (CO)
- Acute RV failure : PEEP = Increased intrathoracic pressure - Increased Pulmonary Vascular

Resistance (PVR), Increased RV afterload — Rt sided HF w&ad



Acute LV failure : PEEP = Increased intrathoracic pressure - Decreased Venous Return (VR) =
Decreased preload - Decreased LV afterload = Increased Cardiac Output (CO) - Lt sided HF &
Ty

Brain Injury : PEEP - Increased intrathoracic pressure - Decreased Venous Return (VR) =

Increased Intracranial Pressure (ICP) —> Decreased Cerebral Perfusion Pressure (CPP)

Benefit of PEEP

Increased airway pressure : improve gas exchange
Maximize alveolar recruitment : increase PaO,

Minimize cyclic atelectasis : decrease atelectrauma

Potential harm of PEEP

Injury from alveolar over distention
Increased intrapulmonary shunt
Increased dead space

Higher pulmonary vascular resistance (PVR) leading to cor-pulmonale

Contraindication of PEEP

No absolute contraindication
Cautiously use in patient with
Intracranial abnormalities
Unilateral or focal lung disease
Hypotension & hypovolemia
Pulmonary embolism

Bronchopleural fistula

The use of PEEP

Physiologic PEEP in MV patient

ARDS

Cardiogenic pulmonary edema

Auto PEEP with expiratory airflow limitation

Intra-operative and post-operative period



Lung Recruitment
Definition
- Transient elevations in applied airway pressures intended to open collapsed lung and increase the
number of alveolar units participating in tidal ventilation
- Usually associated with short-term physiological benefits
Reduced intrapulmonary shunt

Increased pulmonary compliance

Basic Principle
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JUN 5 Anuduiusseninanuiularysunsveslenlunagmeladiuaymelasen

n3U zdunaladnanuduiusisnianuiuuasUsnnsiinnuuandiusenitansmeladiiazmels
gon nymlmuduiusiadidnvazueneanaitu Sendn “hysteresis” seuamnusuiiviiuasiivsumsaandsludendi
ety Tnglusgninanelasenagiivfunnsasdnsinnniwasauduiuddunuusunseyiaiageingadaudisd
Fundn “lower inflection point, LIP” mnuuans1sreslsinnsazssiuanasiudes f\mﬂizﬁ'ﬂL‘i’hfgjaaa]smimahlfﬁw
Tyl lwvaspneladh Weuinesludondisdu mossilussuandiutudosy lufndauiingd aunseiiisgaingaves
gaans1W “upper inflection point, UIP” Usinasesinisiasuwlasiiosunn wiiraziiuanusuludndiniivingu
ferndudiiiinisverevesUoniiunniiuly (over-distention of alveol)
- Transpulmonary pressure (Ptp)
Alveolar pressure(Palv) — Pleural pressure (Ppl)
- Lung opening pressure
End-inspiratory plateau pressure (Pplat)
- Lung closing pressure

PEEP



Open lung PEEP
- Barotrauma
Depend on driving pressure (Pin — Pout)
Palv - Ppl
Pplat - Peso < 25 cmH20
Pplat < 28 cnH20
- Pplifina1n respiratory effort anfigthesesnismelasiseiniadn Ppl sz duauinniy aUdeelvirUeil

respiratory effort inaiull =2 Ppl iuauinn =2 Ptp fdawduuinunn = lung injury

Method of lung recruitment
- Treatment of underlying disease process
- Recruitment maneuvers
- Airway pressure release ventilation
- High frequency oscillatory ventilation

- Prone positioning

Recruitment Maneuvers

Brsverevendeidudumildumsininnsmelslufineildiedosdismela Tnaamzlunguiiedd
TomavesUanunu (atelectasis) g4 L JUevaswringdn ARDS W recruitment maneuver (RM) fie nsvinloiiinas
diuszduanuduludesenlussdugaiud lurasszesnamiafievilfgonfiuiufuisdunioromn (atelectasis) 19
niusvenesadnads TnelngUszasdifionisuanidsusendinuuasnstuaniveuldeenledifintiu nevdsain RV
Fosinsfaszsu positive end expiratory pressure (PEEP) ﬁmmzauéf’mLﬁai’]aaﬁuqqammuﬁﬂﬂ%ﬁﬁﬁam"l “anti-
derecruting force” Tagszduanufufivnzaunsganitseauingnvesnsunuivesgiay sesuingafanaieglu
Fumiiswes “lower inflection point” YaensmszsitsmNFulazUINAsdosnin RM Wumssnwiasuesiiedild
\n3estnemela wé’ﬂg’m@qﬂiz{]’ﬂﬁﬂwﬁuﬁ UBNIINITANTLAUANUNTBIVDIDBNTLAULTINAVBI RM siaNan 153N

pandalddaLauunniin

Recruitment Maneuvers : Benefit
- Reversing atelectasis
- Improve oxygenation
Recruitment Maneuvers : Potential Harm
- Hemodynamic compromise
- Barotrauma

- May decrease cerebral perfusion



Recruitability Assessment
ARDS-related factors
- sweznaed ARDS nsdifiuluszerusn (<72 9lu9) RM aziiuszansaimanda
- &nwaugvedlsa nsdidndu ARDS vniluaivaitlilldGusuainden asnevaussléfiniuagnsdiidwens
anmannyen
- weaamidunisnszanethaUensrannsanevauesldanimesanmiiintuandeanaulandunils
- ANNANNIALUNITVEEAIVITDINTIEN (chest wall compliance)
dosnunesi M azfestinafiumnuduresmaiumelaegiegs dafu JamevhognssssinseYilugieid
TemaiAnausluven (pneumothorax) wiegthefifamglvaiouliund uaz RM 019 lildualugtreifansaludes

Yan (bronchopleural fistula)

RM-related factors
- Type of lung recruitment
- Transpulmonary pressure
- Timing of application
- Patient positioning
Post RM strategy
- Post-RM PEEP wisliendilnudsldnduludadn
Type of Recruitment Maneuver
dlouszidiu recrutability wén sLuQ’ﬂwﬁﬁIamaﬁﬁ%aa RM 81 (low recruitability) n13vi RM anaiiiawaide
wazazunsngouls ;jﬂ:]&lmdwﬁiﬁﬁmﬁmﬂﬁﬂﬁ%ﬂmﬁa&ﬁ%‘mﬁu ey PEEP laltAu 10 amih Iumfﬁﬁﬁﬂwﬁ
Tonnadnsaves RM g (high recruitability) lsifinsanyin RM s'ﬁqﬂiﬂiﬁﬁﬂﬁ@ﬂwﬁﬁmwmsﬂ,aﬁumm‘uaq ARDS #ausi
Buusngthednilugisvanadosas 80 anmnsavh RM 1¢ Fauusthlivh RM dusiduusnaes ARDS aelduadifininuas
Temadnsasnnnin Jeguuifisidelunisi RM vdn 3 35 laud
1. Sustained inflation {Hu3sfileuLarldfutesiian Tuansmeda léun
a Supdestiomeladie CPAP 30-40 wu.1h Wuszeiian 30-40 3wl (§1418931 40wt — 40 Fui)
(U7 7) WU TiTenuazyinUeniian ognslsfinnu annmsfnuiues Amal wagany WuiiszerIaveINs
¥ RM lddiSasaus 10 Sunflusnegnaasadouazinsidsunlawesszuumsinadeutiosun
svesAes RM faust 10 Funituly szdinnsunsndeunsyuumsivariousnniy faiu nsad

ndusieari RM TudUaendiszuumsivadendaliaeinnin enegldsvaganiios 10 Juriinidisane
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Cycling maneuvers ldieSastiemelawuu VOV wie PCV Ald nsdl VOV agsnwszdu (tidal volume, TV)
Uszanas 6 wa./an. n3dl PCV 214 Pset wile PEEP %30 driving pressure 71 15 @141 (PCV agiindn Vv
dlosnn msld vav agilifseiuanudufinisisunUasnnidesinisususedu PEEP) ifiusedu PEEP 2-5
g1 wiagszdUldingn 3-5 wiit (U 8) tufineh Usunsenma (TV) nsdl PCV vide driving pressure ndl
VCV , compliance, SpO,, Auaulaia Yusesvaailonuinenvenefanniiuly Taud compliance anas,
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ANSN 1 LUSIUNEUTENIN cycling maneuvers kg sustained inflation maneuvers

Cycling Maneuvers

Sustained inflation

Maneuvers

Duration in recruitment 2-3 minutes

pressure (RM)

10-60 seconds

Total time in RM Long

Short

Hemodynamics Less effect due to less pressure

in expiration phase

More effect due to

continuous high pressure

Respiratory monitoring Need monitoring

No monitoring

Choices of PEEP after RM Need evaluation of lung closing
pressure to identified open-lung

PEEP

No evaluation of lung

closing pressure

Stress effect to lung Less due to intermittent
increasing of pressure, helps to
distribute pressure in opening of

alveoli

More due to continuous
and rapid increasing of high

pressure

Monitoring during recruitment maneuver
- Gas exchange
SpO,
- Lung mechanics
VT, compliance, driving pressure
Hemodynamics

MAP

Steps of recruitment maneuver
Patients selection
- Early severe ARDS
- Deeply sedated and/or paralysis
- Invasive continuous BP monitoring is preferred
Hemodynamic pre-conditioning phase
- PCV mode PEEP 10-15, Pi 15 titrate PEEP up g 2 min, Fix Pi, FiO2 1.0
- MAP or C.O. | 15% decrease PEEP to previous and give fluids




Recruitment phase

- Titrate PEEP up to 5 cmH,O g 2 mins

- Until Pplt reach lung’s opening pressure (35-60 cmH,0)
PEEP titration trial phase

- To detect lung’s closing pressure

- Titrate PEEP down 2 cmH,0 g 2 mins

- Monitor Cdyn, SpO,, crepitation at basal lungs
The reopening & open-lung condition phase

- After alveoli started to collapse

- Re-recruitment to re-expand it before keeping it open

- Then apply open lung-PEEP (2-4 cmH,O above lung’s closing pressure)

Step for RM with cycling maneuvers - Pressure controlled ventilation(PCV)

Patient selection
( ARDS with severe gxygen insufficiency)

Patient selection
( ARDS within 48 hours and present of bilateral diffuse infiltration in CXR)

Proper sedation +/- muscle relaxation in severe dyspnea

gﬂﬁ 8 JUMBUNIFYN recruitment maneuver i PCV mode



Assessment of recruitment maneuver

- Increase respiratory compliance >30%

- P/F ratio >400

- PaO,+ Pa0O, > 400 mmHg

- Atelectasis <5% from imaging study
Limitations of recruitment maneuver

- May increase mortality

- No standardization

Method, position, optimum PEEP
- Show benefit in some patients
- Other treatment have better outcome

Prone positioning, NMB, ECMO

PEEP Titration
PEEP setting in surgical patient

- ARDS

- Cardiogenic pulmonary edema

- Auto PEEP with expiratory airflow limitation

- Post-operative atelectasis

- IAH & ACS

- Increase ICP
ARDS

vdnmsddnuesnsinu ARDS Aesnwamgiiusumguessuiunmssniauimieaniliaa ARDS

ﬂaﬁ;ﬁuﬁlﬂuﬁaaﬁuﬁ'uasiml,wﬁwmaLLé”mﬂ%u’lma’]mmaﬂ%ﬁ (tidal volume, TV) Uszanal 6 1a./nn. (WouULen 4-8
1a./nn.) warseRuTesauy (plateau pressure, Pplat) limasiund 30 wu.ih TnwervasSududelugisusn TV
onamsly 8 wa/nn. uarlvianinde 6 ua/nn. nelu 2-6 v, uasd Pplat Swmsnnndn 30 aaeh Tan TV wie 4 wa/
nn. Meiitedosiumsveneshvesemnniiuluauldfuuinigu (alveolar hyperinflation) YRR UAISH I
Tuvaigmelasengn (positive end expiratory pressure, PEEP) fivanzan itotosiulailidiniseguivesqsauvny
melavan (alveolar cycling collapse) auinnMzinveeuazafiisznIenIsmeladiiazon (alveolar

recruitment-derecruitment) wagn1sidendiuvedgeauauinnsuinlduiiay



s¥ffu PEEP fivisngas (optimal PEEP)

dwfumsns PEEP Mmneaslugie ARDS anansavinliva1eds Tngvinluagyisiuiunisvengveslennay

$1Mn15USU PEEP (recruitment maneuver) @un15Ususenu PEEP dauvangisvusgiunsedils sinuadn3aetig

melauazanugetnauesnndluledytug laud
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1. PEEP/FIO, tables wug1nn13@s PEEP miuvatuziitues ARDSnet lagnengnusnuseauvainiudusiives

9ONTLAU (oxygen saturation, Sa0,) lviegsyninafosay 88-95 3o Pa0, ¥1ie 55-80 1x.UseW wag pH

>7.30 lagnsiiial FiO,/PEEP muan1uzvessUe (1151911 2) B9l 2 WuIne Ais WwwInansl PEEP

S3Aunsli Fio, Maendn vise wuInmnenshi PEEP gesaudunislyl Fio, fisnndn egslaagnemils i fUiedn

fianwlnadewladinliad o1adenwwimeanisti PEEP suaglii FiO, gendn 1udu uwasszau PEEP laadses

AN 5 guad WesnnanalunadainnninludUaenidu ARDS lussazusn wuimnsawudauuziives

ARDSnet tJunfisuldegrsunsuaty wasaindenararunsathluldlulaninadeegiesingy dnvslidsndudes

imsiinduann egnslsfiaunedanimuvesdenealimeuiuluiiswazse wlimnsinalisnsds

PnaeN1sAne uagnsusiunsldaiuaneuiuesideimnglunguidbuasldfindngud

Usgdnglaqlunisimunaisiieg fisangmansidaingavateviiudaiugiliviinisusu PEEP a1

#3smansiaznaransvesUen (lung mechanic) UNgLAINZALNIN

M5797 2 AM5USU PEEP (PEEP titration table) ¥84 ARDSnet

Lower PEEP/higher Fi02

FiO, 0.3 0.4 0.4 0.5 0.5 0.6 0.7 0.7
PEEP 5 5 8 8 10 10 10 12
FiO, 0.7 |08 |09 |09 |09 1.0

PEEP 14 14 14 16 18 18-24

Higher PEEP/lower FiO2

FiO, 03 (03 [03 |03 [03 |04 |04 |05
PEEP 5 8 10 12 14 14 16 16
FiO, 0.5 0.5-0.8 | 0.8 0.9 1.0 1.0

PEEP 18 20 22 22 22 24




2. USumaen transpulmonary pressure (PL) ilunnsususesu PEEP adefunnsiafiuugiinlag ARDSnet
uanafisusgedldmoamudludmannomng (esophageal catheter) ilainszdurnuiuvestosder
Uanfiinainuasne s (esophageal pressure, Peso) @1 PL fuiaildannsasiisvesnnuiuvesiiingin
wdestemela (airway pressure, Paw) WazA1 Peso (PL = Paw - Peso) #1 PL dunlalunisusuan PEEP
for PL luramelanengn (PLexp) Ingliu3uAivas PEEP iilo¥nwnsediunes Plexp 5¢wing 0-10 .1
Ffunsshwlrseiures PL Tuvagmeladnan (end-inspiration occlusion PL, PLins) lxiifiu 25 g1
$nwnsedu Pa0, 5¥w3e 55-120 1.U5eM e Sa0, Seuaz 88-98 SauTimuvauvas Plexp axdin1susu
ey FiO, wesiihneilllurnzdu uiulneiludeussana 2 eunileso lower inflection point (LIP)
USuseAuues PEEP wag TV 194 Pplat laiiAu 30 w1 wazdnsmamelalsiiiu 35 adyuni wwamemsusu
PEEP 9#i913191n915718 PLexp/FI0, (31971 3) Jaqtiunupiiingsld PL Tugthefidrusnn danuduly
Yoavinags fiheiifeddaruiulunistisenniags (Pplat >35-45 au.1h) videdtheifnnudunsaludend
Aeannnsfaesnsuelaeentes (severe respiratory acidosis) i pH <7.15 luvaigiliinissnuwndne

Usumsennianudeuuzdn (lung protective ventilation)

M5 3 NsUSUsEAU PEEP TnglY end expiration transpulmonary pressure

PEEP titration by transpulmonary pressure at end expiration (PLexp = Paw — Pseo)

FiO2 0.4 0.5 0.5 0.6 0.6 0.7 0.7 0.8 0.8 0.9 0.9 1.0

PLexp | O 0 2 2 4 4 6 6 8 8 10 10

3. MIMANLABNIIVEINTVEERIYeIonLNTIaN (the best compliance) WuAETToufuINTan esann
annsaviinadesddlion wideswdanudilalundnnis Ineuugiivi PEEP titration Taerae s finszsiu
PEEP uasfnmusziu compliance 13891 “incremental PEEP titration” agnslsfinny Jagiudsnsdinand
wvhdwiunisvih RM Lawe Litevinsmsgiuves PEEP titration ndsandivesmeneigegauda Sundn
“decremental PEEP titration” 33sananivilalng nmends RM avansu PEEP fisziu 20-25 euih ansesu
PEEP ndtay 2 wuah wiu 4-5 Wit luwstazsesu finsAana compliance, SpO, lewuszsuves PEEP il
NalvsEiU compliance Waguwlas viefimsuaniasufneiianasegafidoddnyudn siuves PEEP finga
fapssnusziureansuaniUdsufnefintusedufi compliance 7 fosediu PEEP fwuzau (optimal PEEP)
T RM 8nads uavansesuves PEEP asfiwileste optimal PEEP 2 au.1h1 (optimal PEEP + 2 aa.1i)

a. sl PV curve FilhlFanieTestaemelavissuniiu PV curve fiasstulasendunissnseinieuuy
“supersyringe, constant slow inflation (<10 8n5/117)” PV curve fasraturngmelauuu PCV vide PSV
Tianansaldld dWesandasnsinavesernialiasi Tneviluinazinseduves PV curve finnnudu 0-40 a.
1 nsmiitldues PV curve ﬁﬁLLﬁﬂﬂuEU‘ﬁl 5 sufu PEEP Tmunzau fe 2 w1 wilesle LIP agndlsfing PV
curve msialurnedifihsamnieldsunnamenduie wedndatosunudug uagluunads nsmdldll

ausasyysuiaves LIP I



Ailtlun1sUszdiudun 16un Stress index (SN) 135l lun1sUsziuguaveans il pressure time
curve YaiERLAIaIRE VOV constant flow felusunsuvenaiasdiemela nuldlamzeiesdiemelaun
'u;'u Sl = 1 ABUNA, SI >1 Ad over-distention — upward concavity (A35aa PEEP) wag Sl<1 fa tidal-
recruitment — downward concavity (354l PEEP %38 RM) uenanideiinsldsansuns electrical
impedance analysis (EIA) 138 CT scan tlel#lunisusu PEEP dailuajdslsiimsldlaniluvesledyly
Useinelng



