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Sunum plani

Hiperkarbik solunum yetmezlIigi(HSY) patofizyolojisi

Mekanik ventilasyon neden?

Mekanik ventilasyon cesitleri

Mekanik ventilasyon hangisi?

Mekanik ventilasyon disi tedaviler




Tanim

Solunum sisteminin metabolizma trint CO,’i atamamasi

(hiperkapni) 1

PaCO,>45 mm Hg
+

pH<7.35




Akcigerler Pompa Sistemi

Gaz degisimi Ventilasyon
(oksijenizasyon)



Solunum Yetmezligi

/\

Akciger Yetersizligi

\ 4

Pompa Yetersizligi

Gaz Alisverisinde Problem

|

Hipoksemi

|

Ventilasyonda Azalma

|

Hiperkapni
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Laghi and Tobin, ATRCCM 2003;168:10



Hiperkapni mekanizmalari

Mechanisms of hypercapnia

Mechanism of
hypercapnia

Category

Pathophysiology

Examples

ﬁWc:n 't
breathe™

Hypoventilation

\_

Decreased central respiratory
drive

Sedatives (alcohol, benzodiazepines,
opiates)

Cenfral disorders (encephalitis, stroke,
medullary tumors, obesity hypoventilation)

Hypoventilation “Can’t
breathe”

Impaired function of respiratory
muscles due to altered
neuromuscular function

Myasthenia gravis, ALS, GBS, spinal cord
njury
Toxins: botulism, organophosphates

Thyroid disorders

Hypoventilation “Can’t
breathe™

Chest wall disorders and pleural
disease

Kyphoscoliosis, large pleural effusions,
diaphragmatic paralysis, prior sternotomy/
chest wall surgery, obesity

Increased proportion of | |“Can’t
dead space breathe™

Airway obstruction resulting n
elevated V/Q ratios

Emphysema, hyperinflation, severe asthma,

central amrway obstruction

Increased proportion of ||“Can’t
dead space breathe™

Pulmonary vascular disease
resulting in elevated V/Q ratios

Severe pulmonary embolism, pulmonary
vascular disease, interstitial lung disease,
ARDS

(“Can’t breathe
enough”

Increased CO2
production

CO2 production overwhelms
pulmonary CO2 elimination

Fever, exercise, sepsis, hyperalimentation,
thyrotoxicosis

Crit Care Clin. 2024 April ; 40(2): 235-25



Obstruktif hastaliklarda patofizyoloji

Inflamasyon
Hava volu Parankim
Hava yolunda daralma Elastik doku harabiyeti vaskiiler yatak |

!

Ekspiratuvar akim hizi |

!

l

V/Q oraninda bozulma

Hiperinflasyon Diffiizyon |
!
Kas giicii | Gaz alisverisinde bozﬁ
1
[I—Iipoveutilasym}
/
Hiperkapni Hipoksemi
Respiratuar asidoz Norml diaphragmtic excursion Diaphraametic excursion in a

hypemfluwu uvLHIdn v Chest




Noromuskuler hastalarda patofizyoloji

Neuromuscular disease

Muscle weakness

Inspiratory Expiratory Impaired bulbar
muscles
(pharyngeal dysfunction)
LR L Vital capacity
L Inspiratory capacity FPE_
L Expiratory flow Disordered swallowing
LERY
Fatigue Ineffective cough Aspiration of food particles
[ Ahveclar hypoventilation Accumulated secretions
T PaCO,
LPaC, \
= Atelectasis

Recurrent infections




Medikal tedavi

* Kontrolli oksijen tedavi(Sa0,%88-92)

* Bronkodilator ve steroidler (Obstruktif hasta)

e KKY olguda dilirez

* Solunum fizyoterapisi ile sekresyon atilimi(NMH)

* Hipoventilasyona yol acan ilaclari kesmek/azaltmak

KOAH’li olgularin %20’de asidoz medikal tedaviyle diizelmekte




Negatif basingli ventilasyon

Pozitif basincgli ventilasyon

Soh-srhrk
(megative) pressare

Atrmespheric

(U




Negatif basincli NIMV

Bifazik Cuirass Ventilasyon Pneumobelt

Abdomene baglanan kayisin kesesi hava ile sisirildiginde diyaframi yukari iterek ekspirasyonu
destekler ve fonksiyonel rezidiel kapasiteyi azaltir.
Kesedeki havanin inmesiyle diyafram asagi iner ve inspirasyon gerceklesir




Negatif basincli NIMV

e Ancak diyafram paralizisi, polio sekeli gibi sinirli endikasyonlarda
uygulanmaktadir.

* Toraks deformitelerinde de cihazin gogis duvarina uyumu mumkun
olmadigindan zaten kullanilamamaktadir

* Negatif basincli ventilasyon, uygulama sirasinda ust havayolunda kollapsa
neden olabileceginden obstruktif uyku apne sendromu ve obez hastalarda
onerilmemektedir.

 KOAH’ta, akut kullanimda yeri?




Non-invaziv mekanik ventilasyon(NIMV

Improved

due to hypercapnia

Cardiovascular

Increased intrathoracic
pressure leads to:

y

encephalopathy 4—— Neurological

h

Avoid continuous
——»  sedation often
required for IMV

Counterbalance auto-PEEP
in obstructive lung disease
via intrinsic PEEP/CPAP

T Inspiratory
Pulmonary —» muscleunloading

/ \ via bilevel NIV

Increased Increased
Im proved
alveolar FRC and lung —» .
. . V/Q mismatch
Decreased LV Decreased recrutment compliance
preload transmyocardial i i
pressure
Improved gas Decreased
exchange intrapulmonary
shunt

Decreased LV
afterload

!

Improved cardiac
output




NIMV endikasyonu/kontrendikasyonlar

Cardiac/respiratory arrest Hypercapnic coma
European Respirctory Society/  pH <7.35 P PP

| e Facial frauma/structural Increased secrefions
American Thoracic Society ~ PaCO2 > 45 mmHg abnomalities/burns
quidelines [12] Respirctory rcte 20 bpm Hemodynamic instobiliy ~ Confusion/agitafion
Briish Thoracie SOCiHW / FlH 735 Pnaumoihcrrmf Recent facial/upper airway
. . (before drainage) surgery
Infensive Care Sociefy PaCO2 > 6.5kPa (48.7 5mmHg) - S
(] ] -
(11" Respiratory rate 23 bpm S r—

Curr Opin Pulm Med. 2023 Mar 1;29(2):112-122



ASY’de NIV icin ERS/ATS klinik uygulama

rehberi

Clinical indication®

Certainty of evidenceT

Recommendation

[F‘reventiun of hypercapnia in COPD exacerbation (a=]as) Conditional recommendation againﬁ}
[Hypercapnla with COPD exacerbation ey >trong recommendation tor ]
Cardiogenic pulmonary oedema BB Strong recommendation for
Acute asthma exacerbation Mo recommendation made
Immunocompromised R Conditional recommendation for
De novo respiratory failure Mo recommendation made
Post-operative patients fnTuTa Conditional recommendation for
Palliative care fananta Conditional recommendation for
Trauma fan e Conditional recommendation for
Pandemic viral illness Mo recommendation made
Post-extubation in high-risk patients [ prophylaxis) B Conditional recommendation for
Post-extubation respiratory failure asTas Conditional recommendation against
Weaning in hypercapnic patients [SeasTa Londrtional recommendation for |

#. allin the setting of acute respiratory failure; 1 certainty of effect estimates: &&E®, high; &5E, moderate; &®, low; &, very low.

Eur Respir J 2017:; 50: 1602426



NIV uygulanmasi

* ST mod(BIPAP), Basin¢ hedefli
mod

e Tidal volim 5-8 ml/kg /dakika

* NIV'de IPAP 10-15cm H,0’da
baslatilabilir, 10-30 dakika icinde
20-30cmH,0O IPAP'a ulagmak igin
kademeli olarak artirilabilir

* EPAP ya da PEEP 4 cmH, 0 ile
baslanir(OHS'de daha yuksek).

* Da
da
da

na yuksek basing ihtiyaci ve
na hizli artis, hasta boyutu ve

ha siddetli asidoza gore tercih

edilir.

° |:E

orani (KOAHta 1:2-

1:3,NMH’de 1:1)
* Kisa rise time 0.1 sn (KOAH)




NIV monitorizasyonu

* Maskeden hava kacagi
* Makine ve ventilator ayarlarina uyum
* Ajitasyon

e Vital bulgular (TA, nabiz, solunum sayisi, yardimci solunum kaslarinin
kullanimi, biling durumu, siyanoz)

e Sa02

e Arter kan gazi (1. ve 4. Saatler)
* PaC0, yuksek kalirsa, IPAP'I artirarak tidal hacmi (TV) artirin.
* Hipoksik kalirsa, EPAP'I veya Fi0,'yi artirin

e Hastanin sekresyonlarini ¢ikarabilmesi




NIV uygulanmasi

* Ozellikle uykuda basin fleksiyonundan kacinilmali

* Hasta-ventilatér uyumsuzluguna
* Maske kacagi (efora ragmen tetiklenmeme/efordan bagimsiz cycling)
* Yetersiz veya asiri IPAP,
* Uygun olmayan Ti veya Te ayarli
* Yuksek intrinsik PEEP seviyeleri
* Asiri hassas tetikleyiciler neden olabilir

* Proportional assist ventilation (PAV) ve AVAPS modlari da alternatif
olarak kullanilabilir




NIV basarisizligl

e Hasta faktorleri
* Radyolojik konsolidasyon
* Asiri sekresyon
e K6t beslenme durumu

* Mudahale faktorleri
* Hasta ventilator asenkronisi
* Yuksek kacak seviyeleri

* Sonuc faktorleri

* 1. saat tedavi sonunda gaz
degisiminde ve takipnede dizelme
olmamasi

Table 3. Nonlnvasive Ventilation Outcomes score, NIVO
score

Variable

Consolidation on chest radiograph
Glasgow Coma scale <14
Presence of atrial fibrillation

pH <7.25

Time to acidemia >12h

eMRCD 5a

eMRCD 5ab

Maximum total

O W N KN = = -

Adapted from [29"%]. NIVO score, noninvasive ventilation ouicomes score;
eMRCD, extended Medical Research Council Dyspnea scale - 5a: too
breathless to leave the house but independent with washing/dressing; 5b: too
breathless to leave the house and with washing/dressing.

5-6 yuksek, 7-9 cok yuksek risk

Eur Respir J 2021; 58:2004042.



IMV endikasyonlari

e Solunum/kardiyak arrest

* NIV basarisizlgi

* Yasami tehdit edici hipoksemi

* Tedaviye ragmen hemodinamik instabilite
» Sekresyonlarin yetersiz kontroli

e Sedasyona ragmen ciddi ajitasyon

e Ust solunum yolu obstriiksiyonu

e Ciddi aritmi

* Persistan kusma




Invaziv mekanik ventilasyon hedefler

* Gaz alisverisini duzeltmek * Barotravmanin onlenmesi

* Inspiratuar kas ve solunum is e Daha iyi hasta ventilator
yukind azaltmak senkronizasyonu

* Dinamik hiperinflasyon ve oto- e Kardiyovaskduler etkilerin en aza
PEEP’i azaltmak indirilmesi




Invaziv mekanik ventilasyon hedefler

* Mekanik ventilasyonun erken fazinda,

Bu hastalarda birincil hedefin kan gazlarini normallestirmek degil,
pH'1 7,25-7,30 civarinda tutarken

Hiperinflasyona bagh komplikasyonlari 6nlemek




KOAH’da invaziv mekanik ventilasyon

* Mumkiin olan en biiyuk tupu kullanin: bu, 6zellikle 6nemli olmasa da,
hava yolu direncini ve tepe hava yolu basin¢larini azaltacaktir

* Derin sedasyon(ozellikle erken donemde)
* Noromuskduler blokajdan kacin

* Asist kontrollu

* Sa02 %88-92

* Tetikleme akim 2lt/dk/basin¢ -1 ile -2 cm H20




Dinamik hiperinflasyon ve oto-PEEP'in MV
tedavisi

* Dakika ventilasyonu azaltmak

e Ekspirasyon suresini uzatmak

* Hava akimina olan direnci azaltmak

e Eksternal PEEP uygulamak




KOAH’da invaziv mekanik ventilasyon

* Diisiik bir tidal hacim 5-8 ml/kg
* Yavas bir solunum hizi dakikada 10-14 nefes

* Uzun bir ekspirasyon siiresi |:E orani 1:3 veya 1:4

* Mutlak ekspirasyon stresinin ayarlanmasi ve dakika ventilasyonu, hava hapsi miktarini
azaltmada daha dnemlidir.

* External PEEP(oto PEEP %65-80) /l L\)/! L| /l

* Dinamik hiperinflasyonu 6nlemek icin Pplat’i <25 30cmH20




Yuksek akim oksijen sisteminin fizyolojik
etkileri

E
Yiiksek akim Isitma
Nemlendirme
\
é v af | - T )
Ekspirasyon Gt inspirasyon

e PEEP etkisi * Pikinspiratuar akim, N

* Alveolar rekruitman ylksek FIO, . Konfor

«  Oli bosluk wash-out * Alveolar rekruitman Kompliyans

e Vit redlstrlbusyonu

N &
iyt dL s O

' Mikroatelektazideki

\
) [ PaO, ve PaCO,(?) diizelme rolii? |
' /
S Z N
Solunum isinde azalma -
inspiratuar cabanin azalmasi \
SS ve Vmin azalma ){

Ann Transl Med 2017;5(14):297



Hiperkapnik ASY olan hastalarda
YANK'MI/NIV'mi kullaniimalidir?

Kritik olmayan sonuclar
YANK ile daha fazla konfor;
Benzer dispne, PaO2, P/F, PCO2, RR

Oneri 8: KOAH ve akut hiperkapnik solunum yetmezligi olan hastalarda
YANK kullanimindan once bir NIV denemesi yapilmasini onerir
(kosullu oneri, dustk kanit kesinligi)

European Respiratory Journal 2022 59: 2101574,



Review

High-Flow Nasal Oxygen in Patients with Acute Hypercapnic
Respiratory Failure: A Narrative Review of the Physiological
Rationale and Clinical Evidence

Gabriele Pintaudi !, Salvatore Lucio Cutuli 1*, Tommaso Rosa 22, Teresa Michi (%), Alessandro Cardu 2,
Filippo Bongiovanni !, Massimo Antonelli > and Domenico Luca Grieco 12

Birinci basamak mudahale olarak NIV
ile karsilastirildiginda, HFO daha
yuksek bir basarisizlik orani
gostermektedir.

Bu nedenle, kontrendike degilse,
NIMV kullanimi tercih edilmelidir.

NIV ile asidoz dlzeldikten sonra HFNO
Konvansiyonel oks?‘en tedavisine
kiyasla Gmit verici fizyolojik etkiler

gostermistir.
Hiperkapnik hastalarda HFO

e Daha kicuk boyutlu bir kantl kullanimi,
* 30ila 40 L/dk arasinda degisen akislar

e Sp02'yi %88-%92 arasinda elde etmek
icin ayarlanmis FiO2

with hypercapnic respiratory failure, both as an alternative to and in combination with noninvasive

ventilation. When compared to noninvasive ventilation as a first-line intervention, high-flow nasal
oxygen shows a higher rate of failure, Hence, if not contraindicated, the use of noninvasive ventilation

should be preferred. After the resolution of acidemia with noninvasive ventilation, high-flow nasal

oxygen showed promising physiological effects compared to conventional oxygen. During weaning
from mechanical ventilation in patients with or at risk of developing hypercapnia, high-flow nasal
oxygen showed encouraging results, especially when applied alternating with sessions of noninvasive
ventilation. Optimal settings of high-flow nasal oxygen in hypercapnic patients include the use of
a smaller-size cannula, flows ranging between 30 and 40 L/min, and FiO; adjusted to obtain SpO,
between 88% and 92%. Specific interfaces, such as asymmetric cannulas, may further enhance the

J. Clin. Med. 2024, 13, 6350



ECCO,R

COPD exacerbation

A Airflow

resistance
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A Expiratory
flow limitation
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Increased alveolar
ventilation demand
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Increased ventilatory
drive
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Veno-venous ECCO,-R
with double vascular access




Intensiee Care ed
DO 10,7 007001 3401 6352y

ORIGINAL

The feasibility and safety W
of extracorporeal carbon dioxide removal

to avoid intubation in patients with COPD
unresponsive to noninvasive ventilation

for acute hypercapnic respiratory failure

(ECLAIR study): multicentre case—control study

Stephan Braume!, Annekatrin Slewseke”, Franz Brettner®, Thomas Stawdinger?, Michael Joannidis®,
Serge Verbrugge®, Dandel Frings', Acxel Mierhaus', Kard Wegschelder® and Stefan Kiluge™

e Ay @ Annals of Intensive Care

RESEARCH Open Access

A randomised controlled trial of non-invasive =~
ventilation compared with extracorporeal
carbon dioxide removal for acute hypercapnic
exacerbations of chronic obstructive pulmonary
disease

Nichalas A Barett’*'®, Michalas Hart™, Kathleen J. Rt Daly', Martina Marottl”, Eirint Kostakeu!, Chris Carlin®,
Stephanie Lua®, Suveer Singh®, Andrew Bentley®, Abdel Douin™ and Lulgl Camporota ™

Conclusions: The use of veno-venous ECCOR to avoid invasive mechanical ventilation was successful in just over
half of the cases. However, relevant ECCO,R-associated complications occurred in over one-third of cases. Despite the
shorter period of IMV in the ECCO,R group there were no significant differences in length of stay orin 28- and 90-day
mortality rates between the two groups. Larger, randomised studies are warranted for further assessment of the effec-
tiveness of ECCOR.

Interpretation; There s evidence of benefit assaciated with ECCO,R with time to improvement in respiratory acido-
sis,In respiratary physiology and an immediate improvement in patient comfort and dyspnoea with commencemen
of ECCO,R. In addition, there was minimal cinically significant adverse events associated with ECCOLR use in patients
with AECOPD at sk of failing or not tolerating NIV However, the ICU and hospial lengths of stay were longer in the

ECCO,R for similar outcomes,

Ekstrakorporeal CO2 uzaklastiriimasiyla iliskili komplikasyonlar nedeniyle KOAH’ta kullanimi????




Effects of extracorporeal CO, removal on gas
exchange and ventilator settings: a systematic
review and meta-analysis

Alexandra-Maria Storjnmelw, Harald Herkner', Calvin Lukas Kienbacher', Brigitte Wildner?,

Check for
updates

Is there still a place for ECCO,R?

Thomas Staudinger

Effects of extracorporeal CO2 removal (ECCO2R) on gas exchange and ventilator settings: A systematic review and meta-analysis

Adults, in critical care or
emergency setting

49 studies included

3 prospective open-label randomized studies A
28 retrospective observational studies é

ARDS, AECOPD, Bridge to LTX

18 prospective abservational studies
1672 ECCO:R patients
Median patients/study: 20 (7-186)
|Used ECCO:R extraction devices:

Undergoing ECCO:zR

Invasive or non-invasive ventilation

Observational studies

(before/after comparison) ex':g;fm —
RCT's devices
January 2000 to March 2022 22 studies N 5 studies

decrease: acidosis, Tidal volume, PPlat, PaCO=

increase: PaOx/FiO: ratio

reduced more efficiently: Resp. rate and PaCO;

longer ICU and hospital stay
no effect on mortality

Subgroup analysis: minimal bias impact on the
parameters studied

Future studies should target patient groups that may benefit from ECCOzR.



Eve mesajlar

* Etyolojiyi saptamak MV destegi acisindan onemli

MV disi medikal tedavileri eksiksiz uygula

* NIV ilk secenek

* NIV basarisi icin yakin takip(kacak, hasta uyumsuzlugu,tedavi siresi)

e Koruyucu ventilasyon bazli tidal volim 5-8 ml/kg




Eve mesajlar

e Ekspirasyon suresini uzun tut
* Takipneden kacin(latrojenik/hasta bazl)

* Eksternal PEEP<Oto PEEP uygula

 HFNO hafif hiperkarbik, asidozu olmayan olgularda NIV’e alternatif ya da
kombine kullanilabilir/ilk secim icin alternatif degil

* ECCOZ2R fizyolojik parametreleri dlizeltmekte olumlu ancak outcome
Uzerine etkisi?, yan etki yiksek
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