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0 “Enerjiyi bir siras mekanizmasi araciliglyla
Mekanlk basinca donusturerek, onceden belirlenen
o oo sekilde hastanin solunum kaslarinini
Ventllator destekleyen veya onlarin yerini alan otomatik

bir makinedir.”

Robert L. Chatburn




Ancient Egypt I
The Ebers w"&:
Papyrus
describes
insertion of reeds
into the windpipe
to maintain '
airway patency

Ancient Rome ‘

Galen's reports of
pulmonary gas
exchange laid the
foundations for
modern

physiology

Renaissance |

Servetus’ and
Harvey's studies
ascertained the
structure and
function of the
cardio-respiratory
circulation

Polio epidemic

The negative
pressure tank
ventilator, or “iron
lung” was rapidly
implemented at scale
to support polio
patients
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animal model

negative
pressure

in the mid-
20" century

Polio epidemic

Arange of " " -

developed =8

i

ventilation began in
Ventilators are now

a range of interfaces
are available

Positive pressure home
the late 20 century.

compact, portable and
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-
(1990-Glintimiiz)

3. Jenerasyon YB, homecare, NIV,
@ o (1980-1990) transport

~Jenerasvon - Coklu monitorizasyon
(1970-1980) Mikroislemei (+) Trend analizi
- Dalga formlar1 ASV, PAV, SmartCare,
1.Jenerasyon o PC/PS eklendi Geligmis alarm ve NAVA ...
o (1940-1970) o Hasta tetiklemesi monitorizasyon PEEP titrasyonu
o PEEP klinik SIMV,APRV MMV Transpulmoner basing
Mekanik/ pnomotik pratige yerlesti FRC 6l¢iimii
Sadece VC o Temel sensorler VILI/VALI HFOT entegrasyonu

I/E oran1 sabit o Alarm sistemleri kavrami
Hasta tetiklemesi (-) 5 TV ve frekans
PEEP (-) “monitdrizasyonu

O O O O O



MYV cesitleri

» Giic kaynagina gore: pnomotik, kombine (pnomotik + elektrik)

»Basin¢ uygulama sekline gore: negatif basincl, pozitif basingli,
kombine

»Kullanim amaci ve yerine gore: yogun bakim, anestezi, transport,
ev tipy, NIMV




Balon Valv Mask

Expiratory Air-inlet One-way Valve
Valve PEEP Self-inflating & O2 Reservoir Socket
Valve Bag
l Air-inlet & Pressure
Release Valves

Face Pop off Oxygen inlet Reservoir
mask  valve & tubing Bag



Transport
Ventilators

88 <%
PEEP [mbar]
Tetik  [Lidak]  Kapal

02
Baglanti
kismi*

Cihaz
Govde

Basing
Ayar
Vidasi 4

Emniyet Valfi
Manometre
Kateter mount/

HME Filtre
(Hasta Giris kismi)

Frekans ayar

*  vidasi



Non-Invazive Mechanic Ventilators

Humidifier
Position at P:ﬁ_slili-.:.}n before
the ventilator ald
Y-piece

- | Inspiratory limb
, .
_ Face mask
Wﬂhfﬂtﬂft: 'gé@withﬂut a leak)

\

Exniratary limb

Kacak toleransi1 60 1t/dk’ya kadar
Otomatik kompanzasyon




ICU Ventilators

Pnomatik Yapi

Gaz Sistemi

e Gaz Girisleri

+ Glg Kaynag:

e Inspiratuvar & Ekspiratuvar Valfler «
e Hortumlar

.. % Gaz Girislerilh
mf %‘"I i,
ce lnsplratuvar Valf | :‘

_© Batarya
» UPS

Elektronik Yapi

Mekanik Yapi
Fiziksel Yapi

Kontrol Sistemi

¢ Mikroislemci e Sasi & Kasa
e Sensorler

e Kontrol Karti

® Tasima Platformu
® Tekerlekler

W pCB & Séhsorler




INSPIRATION

AIR & OXYGEN
BLENDER

TOVLWuLmMmOOITMUTOxIMO—X

EXPIRATORY/
PEEP VALVE




Kasa

Solunum devresi
girisleri

Dahili batarya

Guc kaynagi ve
gaz girigleri

Mekanik yapi

w

Operator arayuzu
Ekran

5
\_'l Tutucu aparat

|| Devre askisi

Stand

Tasima platform,

Kilitlenebilir
tekerlekler

Kasa

- Celik,

- Aliiminyum
alasim,

- Polikarbonat (PC)

— Akrilonitril
Biitadien Stiren
(ABS)



Elektrik yapi

* 220 volt 50 Hz sebeke elektrigi, AC
* Kesintisiz gui¢ kaynagi (UPS),

« AC>DC

* Batarya, DC

* Mikroislemci, elektronik devreler, alarm sistemleri,
kullanici araylizii...vb 1¢in harcanir




Elektronik yapi

 Mikroislemci : MSS

» Sensorlerden veri toplama S

Black & white
display

» Ayarlara uygun ventilasyon algoritmasini
calistirma

Tetik
Limit
Kontrol
Dongu

» Valfleri ve turbinleri kontrol etme

» Alarm liretme

* PCB (Printed Circuit Board) elektronik }
kart : Sensorler : duyu organlari

»0,, akis, basing, sicaklik, ETCO,

o _ o Kontrol devreleri : motor organlar
»Power pin, giris-¢ikis pinleri, sinyal >Valfler. tirbinler
pinleri, kontrol pinleri ’

» Elektronik bilesenleri birbirine baglama




Pnomatik yapi

Expiratory Valve
and Filter

External
Environment

o Control

' Sensors ‘ Y Conector
Unit

Pressurised Air

._I—> Air-0,

Blender Humidifier

Inspiratory Valve
Pressurised O, and Filter



Gaz kaynagi

MADIKAL AIR

Vakum- Aspirasyon
-100 - -300 mmHg

L

Oksijen —

= Medikal =—
hava

3.5- 5.5 bar -400 - -600 0, ile ayni
mmHg’e

{ kadar
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TRCAPEILETION

------

BEECTIZN OF SRR

Hooke joint Top stage Centripetal
scissor mechanism  joint bearing

%\
3

Needle driver Bottom stage Needle driver
fixture 1 scissor mechanism fixture 2

Valfler

* Mikroislemci kontrolu gerekir

» Inspirasyon ve ekspirasyon valfi
* PEEP/CPAP ekspirasyon valfi ile

éi‘: saglanir |
R el * Valfe yakin distal sensorlerden
Ii‘L | ﬁ gelen verilerle kontrol edilir
= N * Ekspiratuvar valfler : mantar,
diyafram, makas, solenoid
(elektronik)

o
/]

ssssss

e Inspiratuvar valfler : solenoid

uuuuuu



Sensorler

* Cihaz ve hastadan mikroislemciye
feedback

. Basm% sensorii: Paw, Pplateu,
peak,

* Akis sensorii: Inspiratuvar ve
ekspiratuvar akim ol¢uliir,

TV ve MV hesaplanir

* 02 sensorii: F10, ol¢iilir, gaz karigimi
dogrulanir

e Sicakhik
. ETCOz




INSPIRATION

AIR & OXYGEN
BLENDER

TOVLWuLmMmOOITMUTOxIMO—X

EXPIRATORY/
PEEP VALVE




Venti

Venti

Venti

Ventilators & patient circuit type

Different technologies used in mechanical ventilation (IV & NIV)
Dual limb system with proportional expiratory valve

Ventilator
Inapiratony lmb
02 wall
—-
Alr wall =
Turbine = _ .
Piston Al
Expiratary bmb Inspiration
Exhalation

Expirmiory valve

—_ -

02 wall

02 low flow o = —

—-
Turbine Inspkatory imb
Piston i i
Botiol Inspiration
Exhalation

Exparatory lea

Inspalory imb j/

l-ﬁ-

02 wall
02 low flow

Inspiration

Exhalation‘

rcuit
ort

"cuit with
ion valve

g

ircuit with
tion valve



Devreler

»Propilen, Polietilen, PVC
» Hafif, basit oluklu yap1

(kink direnci & esneklik & kollapsin
onlenmesi)

ldireng, |kompliyans

»(Gaz gegirmeyen

» Disposable (steril ambalaj)
»Biologically inert



Devreler
>1c cap (ISO): eriskin = 22 mm
pediatrik—> 15 mm
neonatal 2 10-12 mm

» Konnektorler de 22 mm ile uyumlu olmali

» Her kolun uzunlugu: eriskin=> 1.5-1.8 m

» Cift kolun toplam devre hacmi: 1100-1400
ml

> Inspiratuvar kolda yaklasik: 550-700 ml 6lii
bosluk




Humidikasyon

s Burun / Agiz

YETERSiZ NEMLENDIRME

%50 RH | 10 mg/LAH | 22°C |

l e & Bozulmug mukosiliyer klirens
Q_ Mukozal kuruma

Q Atelektazi

n Orta trakea @ Kanama

| © Epitel hasan

@) Enfeksiyon riskinde artis

%95 RH | 28-34 mg/L AH | 29-32°C

%100 RH | 36-40 mg/L AH | 31-35°C

&

Haitham S, 2014

PsOdostratifiye siliyali solunum epiteli

A \L




Hidrofobik membran

Water vapor is given

» HH ekdireng - HME_/HMEF direng ve olu boslukt tylene)

» VIP riski? » Yogun bakimda erken donem /
» Koyu viskoz sekresyonu olan hastalar kisa streli MV fluoride)
» Zor ventile edilen hasta (ARDS, » Gorece stabil ventilasyon zor
otoPEEP olan agir bronkospazmi ve olmayan hastalar tponent
hiperkapnisi olan hastalar) » Sekresyonu az olan hastalar
Ist > Hipotermik hasta ARRC Gl Practice Guidline 2012 ma (+)

— N '
- § Water vapor is collected '
3 Hygroscopic component § by HME during expiration 4
: NN\NAS LSS
7 \

11u1111u11_y wi /



Bakteri/Virus filtresi

Ventilator side ¢ BVF/ Breathlng ﬁlter / HMEF

Ventetor e * Cam, polipropilen mikrofiber

connector

22F / 15M

* Mekanik ve elektrostatik filtrasyon
oo * %99.99 BFE, VFE

LR ARALY

Filter Paper
moisture exchanger

Vess
v ) L\ Patient side
\ W & connector
|, g 22M /15F

Capnograph

Patient side

aresinier. + (TN -



Filtreler

> Olii bosluk ve havayolu direnci
»24-48 saatte bir degistirilmeli

»HME/HMEF=> Y parcasi ile hasta arasina

»BVF - inspiratuvar kol (opsiyonel) ve ekspiratuvar R __
kol ( ortam ve ¢alisanlari1 korur) -MV baglant1 yerine




Controller
Expiratory Limb

Humidifier

Heat Moisture Exchanger (HME)

Expiratory Limb

Inspiratory Limb

Inspiratory Limb




Always CheCk manuracturer s reCommendatons o determine It your device, CIrcUIl, and mask Complination requires an additional anti-aspnyxia valve (notl shown) e Ly

Dual Limb Circuit + Non-Vented Mask

(Exhalation valve in the circuit)

HMEF

Expiratory Limb

“Single Limb" Circuit + Non-Vented Mask

(Exhalation valve in the circuit)

Exhalation

Exhalation e
Drive Line_ k

Pressure Mask

Sense Line

Expiratory Limb

® Because this setup has an
expiratory valve at or in the ventilator
(not shown), a non-vented mask
must be used for CPAP/NIPPY

e See Figure "Ventilator Circuit Setup”
for alternative humidification & filter
setups. An HMEF is shown here
but may not be the optimal setup
depending on local resources.

® Of note, the addition of filters
between the circuit Wye and the
patient introduce dead space.

® The term 'single limb’ circuit is a
commonly used misnomer when
referring to the type of circuit shown
here. The setup shown has a short
expiratory limb and expiratory valve
and functions similarly to a dual limb
circuit.

® Because this setup has an expiratory
valve, a non-vented mask must be
used for CPAP/NIPPV

e See Figure "Ventilator Circuit Setup”
for alternative humidification & filter
setups.



Nebulize tedaviler

Using a nebulizer with a DUAL LIMB breathing circuit set (with humidifier)

AEROGEN and PNEUMATIC: Connection to inspiratory limb before the Y-piece

) C
oY O~

[nspiratuvar kol iizerinde Y parcasina 15 cm lik mesafede



ETCO, sensoru

END TIDAL CO2 PLACEMENT

Sidestream CO2 Sidestream CO2 Mainstream CO2
Sampling HMEF with Sampling HME and Monitoring HME
integrated sampling port Bacterial Viral Filter

Bactérial HME
Viral Filter

Deadspace and resistance are increased by the addition of any filters or other adapters, including
end tidal CO2. Read manufacturers” specifications to quantify potential impact on ventilator strategy.

"'::"x. * " Center for Health Equity
SUSAID pstar B open Gitical Care o, YOSF szzmi



Kapali aspirasyon sistemi

| Protective sheath Soft atraumatic tip Rotary valve
allows tracking of patient with radiopaque marker for safe for isolating the catheter from
secretions color, reduces the risk tracheobronchial tree patient’s patient’s airways and switching
of cross-contamination aspiration 1o bronchoscope port

Irrigation port /¢
equipped with a one-way valve N\

to prevent backflow of fluids
Breathing circuit
cconnector

Vacuum activation button
with safety lock to prevent accidental
pressing, color-coded catheter size

ET tube connector port
for connecting to tube

MDI port

for direct
administration
of medication

In-line suction catheter setup

allows disconnecting
breathing tube from

Disconnect wedge
the suction system

g BN
' o)
Bacterial -
¥ " Aspiration catheter {f Vacuum connector
Viral Filter with marings o control for connecting o vacuum

insertion depth system

ETT ile solunum devresi arasina

This illustration shows the location
of the in-line suction catheter in
relation to the patient circuit. There
are other potential configurations
not shown here, but in all, the in-
line suction catheter is placed on
the endotracheal tube.

Inspiratory Limb

“In-line Suction =
Catheter

Kateter mount



UASH 2026 B W . )

AN

Hastay1 MV’ye baglamadan once

SN
..?.; _1 W

UPS kontrolii

Oksijen ve medikal hava baglantilar1 ve basing kontroli

Ventilator acilist ve self-testin tamamlanmasi

[nspiratuvar ve ekspiratuvar solunum devresinin takilmasi
Ekspiratuvar valfin yerlestirilmesi (cihaz disi 1se)

Filtrelerin takilmasi (BV filtre, HME / HMEF, HH)

Sensorlerin kalibrasyonu (flow, basing ve Oz sensorleri)

Devre kacgak testinin yapilmasi

Alarm limitlerinin ayarlanmasi

Baslangi¢ ventilator ayarlarinin yapilmasi (mod, VT, RR, FiO., PEEP, trigger)
Uygun hasta arayliziinii ve baglantilarini (kateter mount) hazirlanmasi
Kullanilacaksa kapali aspirasyon sistemi, ETCO, baglantisi

SNNNNKNNNNKNNIS
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