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Mekanik Ventilasyon Nedir? v' Yapay, eksternal «akcigerler»

Solunum sistemine kontrolli pozitif basing v ik gelistiriime amaclari;
uygulayarak gaz degisimini saglamaktir.
v" «Solunum kaslarinin gorevini

ustlenmek»
Amacg

« Oksijenizasyon v’ Gunlimiizde amag,

v CO, eliminasyonu v «Solunum kaslarina ve solunum

« Solunum is yiikiinii azaltma isine destek olmak»

**» Pozitif basinch ventilasyon
fizyolojik degildir

Verdigimiz basin¢ tedavidir.
Fazlasi hasardir.

ESICM PACT- Mechanical Ventilation Skills and techniques . Patroniti N, Update 2011
UptoDate 2016: Overview of Mechanical Ventilation. Courey AJ, Hyzy RC
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Sizin Sesiniz, Sizin K ongrensz, .,

Louis 2006, Mosby

Pilbeam SP. Basic terms and concepts of mechanical ventilation.,in
Mechanical Ventilation:Physiological and Clinical Applications ed 4, St

Ptot (t)= Pmus(t)+Paw(t)=V’(t).Rrs+VT(t).Ers+PEEPi
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VENTILASYON SiKLUSU FAZ DEGISKENLERI

Proximal
airway
pressure

Pressurization

Level of PS

Cycling

—

Pilbeam SP. Basic terms and concepts of mechanical
ventilation.,in Mechanical Ventilation:Physiological
and Clinical Applications ed 4, St Louis 2006, Mosby
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Mekanik Ventilasyonda Temel Parametreler

Ne Veriyoruz? Akciger Nasil Cevap Veriyor?

—

AYARLADIKLARIMIZ (SET)

Ba sinc

P NP P W7

Akim M 2 4
Ras

5 v e 0 Y 5 5 e 5 5 T e e e i 35 =t [

Tilcermere

VT 450 RR 16

PEEP 5 40%
FiO, %50 Flow 30 Trigger 2
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e

e VT (ml/kg PBW)
e RR

e PEEP

e FiO;

e Flow/ Pinsp

AYARLADIKLARIMIZ (SET)

>

\,

e Ppeak

e Pplato

® AP (Driving Pressure)
e Crs

e Auto-PEEP

OLCTUKLERIMIZ (RESPONSE)

| ELASTANS / KOMPLIANS
Pplato - PEEP

Akciger Sertligi

] ﬁ; REZISTANS

Ppeak - Pplato
Hava Yolu Direnci

ENER]i (MECHANICAL POWER)

Basinc + Voliim + Frekans
VILI Riski
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VILI (Ventilator lliskili Akciger Hasar)

* Ventilatorun akciger parankimine ne verdigi ve akciger parankiminin bunu
nasil kabul ettigi arasindaki iliski

Ventilator Yuku

’

e Tidal volim (VT)

e Havayolu basinci (Paw)

* inspiratuar akim hizi (V-)
e Solunum Sayisi (RR)

* PEEP

Akcigerlerin Durumu

!

e Akciger boyutlarinin azalmasi
* Akciger homojenliginin bozulmasi
* Artmis stres

* Tekrarlayan acilip-kapanma
(inflasyon ve kollaps)

Intensive Care Med (2016) 42:1567-1575
DOI 10.1007/s00134-016-4505-2
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Hangi Temel
Parametreleri
Ayarlamaliyim?
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Mod : >
Tetik >
Frekans >
VT >
PEEP: >
FIO2 ¢ >
| g~ >

Insp akim paterni

B INSP. AKIM PATERNI

inspirasyon sirasinda havanin nasil verilecedi
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Desandan (azalan): En yaygin. Basta yiiksek akim, sonra
azalir. Ppeak dustik, gaz dagilimu iyi.

Sabit (dikdortgen): Akim boyunca sabit. Ppeak yiiksek.
Mekanik 6lgiim igin tercih edilir.

Siniizoidal: PSV modunda dogal olarak olusur. Hastaya en
uyumlu patern.

Klinik onemi: Desandan patern standart VCV'de Ppeak'i 2—-
5 cmH,0 disdirdr.

Pratikte: VCV'de desandan patern se¢. Ppeak yiiksekse akim hizini

degil, paterni kontrol et.

» Akim Hizini ve Paternini Nasil Ayarlayalim?
»Akim hizi genellikle 30-60 L/dak ayarlanir

Bn <

r’“ kA
1 \
i | "
] \\
Ingpiration | | ) ) ) LN
H
- T

/ Resistive pressure

V (L/min)

£
.
A\
-

Insplration

T Lo Lnar
Pressure

T T
~—Time (sec) —»

FIGURE 11-1 St flow waveforms available for positive pressure ventilation: constant flow,
e constant fiow pattern (dotted line), descending ramp, cencave descending ramp pattem
(dotted line), ascending ramp, and sine flow pattern.

Kaynak: Benjamin D. Singer, MD; Thomas C. Corbridge, MD South Med 200;102(12):12381245,
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T Ayarlari Yaptim

Pplato - PEEP

AYARLADIKLARIMIZ (SET)
ymhyhyeh, - 32 R

1 e Aecier et Hastami Nasil Takip
o

% i Fi0 > - 5
m e R . | =0 ez Etmeliyim?
b ‘GJ!‘*‘ Lt._,-li‘.}&-—_m _24 ! i ) Ppeak - Pplato
= T o Wl Limitler Nelerdir?
VT 450 RR16 PEEP5 40% OLCTUKLERIMIZ (RESPONSE) .
FiOz %50 | Flow 30 Trigger 2 : Ppeak ENERji (MECHANICAL POWER)

B e~ 7 1 Pplato. ) | Basinc + Voliim + Frekans
= 00000000 ) ¢ AP (Driving Pressure) VILI Riski

00000000 = — NIl

¢ Auto-PEEP

- J

| —
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KOMPLIANS REZISTANS: «AKIMA KARSI DIRENC»

Akciger Mekanikleri: 3 Temel Kavram e iletici hava yollari sorumludur

* Rezistans: Ppeak-Pplato/ Akim Hizi
e Akim Hizi: Tidal Voliim / inspirasyon
suresi
* Raw (cmH20/L/sn):

Belirli bir basinc¢ artisina bagli * Entiibe olmayanlarda: 0.6-2.4
¢ 3 & cmH20/L/sn

olarak olusan hacim artisi | « Entiibelerde < 6cmH20/L/sn
(1/elastans) + Endotrakeal tiip rezistans artisinda

Komplians Elastans Rezistans - lill
(Distansiyon Yetenegi) (Geri Toplanma Egilimi) (Akim Direnci) onemiii:

* Hava yolu hastaliklari rezistansi
artirir

«Akcigerin genisleyebilme
kolayhgi»

ELASTANS (1/KOMPLIANS)

«Gerilen akcigerlerin eski sekline donebilmesi»
Akcigerin elastik ozellikleri (1/3)
Sivi iceriginin yuzey gerilimi (2/3)
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140

0 Emphysema
120

100

80 A

80 Pulmonary Fibrosis

% Predicted TLC

40

20

Normal Compliance Low Compliance High Compliance 0
(Moderate Elastance) (High Elastance) (Low Elastance) 0 10 20 30 40 S0

Ptp fem H=0n)

Normal AC IPF, ARDS Amfizem
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Zaman Sabiti: Komplians x Rezistans

A: Normal AC

B: Duisuk komplians;
alveoller hizlica dolar ama daha az hava girer
(Kisa zaman sabiti; 6rn ARDS)

C: Artmis rezistans;

alveoller yavas dolar, daha yavas bosalir.
(Uzun zaman sabiti; 6rn KOAH)
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Fig. 1. Airway pressure and flow waveforms during constant
flow volume controld ventilation, illustrating the effect of an end-
inspiratory breath-hold. With a period of no flow, the pressure
equilibrates to the plateau pressure {F'F"m]l_ F’F,_,.,,,t reprasents the
peak alveolar pressure. The difference between P, and P, is due
to time constant inhomogeneity within the lungs. The difference
between the peak inspiratory pressure (PIF) and P, is deter-
mined by resistance and flow. The difference between P, and
FPEEFP is determined by tidal volume and respiratorny system com-
pliance. P, — pressure at zero flow.

AKCIGER SAGLIGI KONGRES]

Respiratory Mechanics in Mechanically Ventilated Patients

Sizin Sesins

Dean R Hess PhD RRT FAARC

RESPIRATORY CARE « NOVEMBER 2014 VoL 59 No 11
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In ventilated adults with
normal airway resistance,
Ri,max is usually 5-8
cmH20/1/s (including the effect
of an unobstructed
endotracheal tube of

| appropriate gize)
The clinical interpretation of

. measurements of respiratory

- systern compliance is easier

| when referred to the ideal body
weight (normal value: 1 —1.2

, ml/emH20/kg)

* Peak inspiratuar Basing (PIP, Ppeak):

* inspiratuar fazdaki en yiiksek basinc
* Belirleyen faktoérler

* AC-GOguls duvari kompliansi

* Havayolu rezistansi

Paw (cmH;0)

Ppeak = peak airway pressure

Ppause = static end-inspiratory
pressure

PEEP = pasitive end-expiratorny
pressure

PEEPtot = total intrapulmonarny

* Verilen tidal volium

* inspiratuar akim hizi

* End ekspiratuar basin¢ (PEEP)
e Solunum is yukt (WOB)

* inspiratuar pause (Pplato):

Vei= end-inspiratory flow
Vi= tidal volume

0 = Ppeak-Ppause
Ri,max Vel

Volume (mL)

- Vi
Cogs Ppause-PEEPLOt

RC= Ri,max=Cqgs
PEEPi=  PEEPtot-PEEP

0 1 2 3 4 5 6 7 B 9 10 11 12 13 14
seconds

Frozen curves during passive VCV with constant inspiratory flow and double hold

° Rez | Sta n S| n O rta d a n ka I kt | g I’ a |Ve Ol igi ba S| n g manoeuvre, for manual measurement of passive respiratory system mechanies

 Elastik basinci yansitir Kaynak:
ESICM PACT- Mechanical Ventilation Skills and techniques. Patroniti N, Update 2011
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» Komplians:
» Statik komplians;

> Iinspiratuar gaz akiminin olmadigi, 2-5 sn

inspiratuar duraklama sonrasi dengede dlcilen
komplians

» Cstat= VT/Pplat-PEEP

» Bu duraklamayi1 yapmak zor

»Kisa stireli (0.5-1sn) lik duraklama sonrasi

Olculen komplians “quasistatic” «yari-
statik»

» Cqs= VT/Pgs-PEEP
» Dinamik komplians;
» Cdyn=VT/Ppeak-PEEP

AKCIGER SAGLIGI KONGRES]

Sizin Sesiniz, Sizin K ongrensz, .,

Figure 2

Compliance of the lungs, chest wall, and the combined lung—chest
wall system. At the functional residual capacity, the forces of
expansion and collapse are in equilibrium. Reprinted from [3] with
permission from Elsevier.

Normal toplam komplians:(akciger+gogdiis duvar)= 200 ml/cm H20
Basing 1 cmH20 arttiinda akcigerler 200ml genisler
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uto PEEP
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Tinne:

3
L

0 / \/Tirna

Fig. 2. Applving an end-expiratory breath-hold allows measure-
ment of end-expiratory alveolar pressure. The difference betweaen
FPEEF set and the pressure measured during this maneuver is the
amount of auto-FEEP. PIP = peak inspiratory pressure.

RESPIRATORY CARE e NOVEMBER 2014 VoL 59 No 11
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Uluslararasi Katthml

resistance
flow

Pplat

compliance
tidal volume

auto-PEEP Artmis havayolu Azalmis akciger
rezistansi kompliansi

H:ill& BE - = Raw
P,... - PEEP v

total

Kaynak: Benjamin D. Singer, MD; Thomas C. Corbridge, MD
South Med 2009;102(12):12381245.




How to measure respiratory mechanics during
ontrolled mechanical ventilation

AboutOpen | 2019; 5(1): 86—89

o _ ) ) ISSN 2465-2628 | DOI: 10.33393.abtpn.2019.300
arco Gianil?, Alfio Bronco!, Giacomo Bellani?

: PEEP; 2 cmH
—F Fp|gl|: EU CI'I'IH.LG Jlr..‘ Lt Eﬂ

.r'_'_._-‘....__j—
] }PEEP 10 ermHaon

Volume o

Insp Insp Exp Exp
hold hold

Cpl = 400 f [20 - 10] = 40 ml/cmH-0O

Fig. 3 - An example of how to measure compliance of the respiratory
system (Cpl ) during volume-controlled wventilation (WVCWV). Insp,
inspiratory phEISE' Exp, expiratory phase; P__, airway pressure;
PEEP, positive end-expiratory pressure; P N p]ateau pressure.




How to measure respiratory mechanics during
ontrolled mechanical ventilation

AboutOpen | 2019; 5(1): 86—89
arco Giani*2, Alfio Bronco?, Giacomo Bellani*? ISSN 2465-2628 | DOI: 10.33393.abtpn.2019.300

—» Ppeax | 27 cmHz0
P... Al/\ | = Foie 20 cmHzO
PEEP :
— » Insp. flow 36 L/min = 0.6 Lfsec
Flow S

nee ﬁ'lﬁﬁ

Volume o

(27-20) / 0.6 = 11.67 cmH>0O/L/sec

Fig. 2 - An example of how to measure resistance of the respiratory
system (R ) during volume-controlled ventilation. During an inspi-
ratory hold, the drop in airway pressure (P, ) corresponds to the
amount of pressure generated during inspiration to overcome the
resistance of the respiratory system. Insp, inspiratory phase; Exp,
expiratory phase; PEEP, positive end-expiratory pressure; P___, resis-
tive pressure; P_, elastic pressure; .F-" caxr PEak inspiratory pressure;

P oo plateau pressure.
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SN

-5 SPULMO S

5 S TRANSPULMONER BASIN

54

U = —

{ S

2¢ 8

§ % Intrapulmonary pressure (Ppat) B

é S = 760 mmHg

% g (atmospheric pressure) > Tr;nspulglonary pressure

N = plar™= T

S %. Intrapleural pressure (Pip) - }; 111111HI;;

£ § =756 mmHg

§ § (slightly negative) y TP P’

> oy

S8 \ gogus duvari
£3 kompliansinin
§, §' Oesophageal balloon pressure (Pes)| SOl unum

S < J = around 756 mmHg kanikleri Kisini
§ = (a reasonable surrogate for Pip) mekaniklerine etkisini
N S

PR ekarte eder
22
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a) Titrate end-expiratory P, to 0+2 cmH,0 (direct method) by adjusting PEEP
(physiological reasoning, moderate evidence from post-hoc EPVent-2 analysis: should be confirmed prospectively)

Increase PEEP
W aw
POES POQS
Expiratory occlusi N Expiratory occlusi -
PITOTY OCCUUSION o endexs™16 16 PO TN Presengeng16
13 = 3
PEEP, =13 PEEP, =16
P L
P L,end—exP:_3 o _ PL,end-exp=0

suggests collapse

Ekspiryum sonu transpulmoner basin¢ negatif
olmayacak sekilde PEEP ayarlanmali; 0 + 2 cmH,0
(atelektotravmayi 6nlemek amaciyla)

Cite this article as: Jonkman AH, Telias I, Spinelli E, et al. The oesophageal balloon for respiratory
monitoring in ventilated patients: updated clinical review and practical aspects. Eur Respir Rev 2023;
32:220186 [DOI: 10.1183/16000617.0186-2022].
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b) Titrate AP, <10-12 cmH,0 (direct method) by V4 ¢) Check if P gnq.inp <20 cmH,0 (elastance-derived method)
(physiological reasoning, low level of evidence) (physiological reasoning, low level of evidence)
Inspiratory occlusion
33| Py ( h
Ppiat=33 cmH,0, PEEPy=16 cmH,0, thus: AP=17 cmH,0
Poes AP,=10 cmH,0, V;=450 mL
16 Calculate E,;and £;:

E =AP/V;=17/450=0.038 cmH,0-mL-L
E,=AP,/V;=10/450=0,022 cmH,0-mL-1

10 Accordingly:

PL,end-insp=P plathL/ Ers
P end-insp=33%(0.022/0.038)=19 cmH,0

. J/

0

Note: if P gng.ex,=0 cMH,0 and AP <10-12 cmH,0, then Py gqg.jngp USing
the direct method will be <10-12 cmH,0

Asiri distansiyonu, barotravmayi 6nlemek icin;
* Inspiryum sonu transpulmoner basing 20 cmH,0’yu gegmeyecek;

* Transpulmoner basing degiskenligi (AP =P, ..4insp ~PL end exp) 10-12 cmH,0’yu
gecmeyecek sekilde TV ve PEEP ayarlanmali,

Cite this article as: Jonkman AH, Telias I, Spineli £, et al. The oesophageal balloon for respiratory
monitoring in ventilated patients: updated cliical review and practical aspects. Eur Respir Rev 2023,
32: 220186 [DOI: 10.1183/16000617.0186-2022].
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TRANSPULMONER BASINC HEDEFLERI

Table 3. Suggested limits of transpulmonary pressures in patients with ARDS. Adapted from
Mauri et al. [1], Bayerdorf Kassis at al. [15], and Pelosi et al. [28].

Parameter Limit
End-expiratory Pp +2 cm H,O
End-inspiratory P, <20 cm H,O
Driving P, <10-12 cm H,O
End-inspiratory Py, during recruitment maneuvers <25 cm H,O

P; —transpulmonary pressure.

J. Pers. Med. 2023, 13, 136
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High Peak Inspiratory Pressure

Peak inspiratory pressure = (Resistance x Flow) + (Elastance of respiratory system x Tidal volume) + PEEP

TROUBLESHOOTING e

4 BEAKIM DERNEGH

| Pleural problem {e.g, pleural effusion,

— “,, - hemothorax, pneumothorax], chest wall

oy P ' problem {e.g. burn, fentanyl wooden

?,ak'“"? : p‘-esﬂ“" '. chest syndrome, thoracic lumbar sacral

' v 2 P p\"i” \s:li“‘: , orthosis), or abdominal problem (e.g.

ﬁ""‘:t::\!. wm?‘::,;_, ace \ ascites, abdominal cog;ﬁzr’t:::]t

EnSLérﬁ adequate VT st vl €U reasuse ) .
and flow settings P

3 Perform an explratory :
inspﬁgsew?lgh\:and: hald maneuver i Check the esophageal
N ‘&htzgifor E-"““""““"“"“-""""--"?""""““"""""""“"""-T """"""""""""""""""" : pressure measurement

asynchrony ! Check expiratory flow { i

and perform an —
Inspiratoryhold o

A .
| Raw l CL or Cw T PEEPi l CL
Problems with the airway (e.g. Cannot differentiate batween low Elevated baseline pressure Lung parenchymal problem (e.g. ARDS,
bronchospasm, secretions, mucus compliance secondary to lung issues vs, secendary to dynamic pneumonia, pulmenary edema,
plugging, foreign bodyL, endotracheal chest wall/abdomen issues without hyperinflation syndrome (e.g. pulmonary hemorrhage, lung collapse) or
tube obstruction (e.g. biting, kinking, measurement of esophageal pressure. asthma, COPD, sgort expiratory main-stem intubation.
secretion), or ventilator circuit time].

obstruction (e.g. the tubing is kinked or
twisted, fluid accumulation).

https.//www.icureach.com/post/high-peak-inspiratory-pressure-troubleshooting
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Ppeak
| Vy
| Driving Pressure = _C
S P ST

A g Presur Driving Pressure = Pp|at - PEEP

: k | Driving Pressure = VT x Elastans

e — AP

. Pas PEEP : . . .

e o Tidal voliumun fonksiyonel akciger boyutuna
yR— > (baby lung) oranini temsil eder.
Volume'
Marini Critical Care (2019) 23:326

https://doi.org/10.1186/s13054-019-2638-8
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Normal Tidal
Volume

y

 QGasless

compartment /

Volutrauma >

(o] | ETELT:

Collapsed

Intensive Care Med (2016) 42:663-673

DOI 10.1007/s00134-015-4200-8 J. Clin. Med. 2026, 15, 79
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ev e of geve o .o . Start Volume (FRC + PEEP) End Volume (v;+ FRC + PEEP)
Akcigerin Ne Kadar Gerildiginin Gostergesi |

e Strain = VT / EELV (FRC (baby lung)+PEEP)

STRESS;

Akcigeri gerip agmak icin gereken “germe
kuvveti” (basing)

[ ) St ress ~ Tra n S p u I m o n e r Ba SI n g ‘-I-D = Stress (Internal force/area = Transpulmonary pressure)
. . . v é=m = Strain (D_ifference between End-and Start
° E N p ratl k kI ini k ka r$| I Igl . Volume in response to the applied Stress)

* AP (Driving pressure)

STRESS = STRAIN x Spesifik Elastans J. Clin. Med. 2026, 15,79
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Stress Index

* StressIndex<1

* Compliance
improving with
increasing volume

* Stress Index=1

+ = Compliance
constant with
increasing volume

Airway Pressure

Time

* Stress Index> 1
Only when flow is constant (i.e. during volume
control ventilation with a square-wave flow

= Compliance
pattern and no patient effort)

decreasing with
increasing volume

Fig. 1. Stress Index. (Courtesy of Willard Applefeld MD, Clinical Fellow in Critical Care Med-
icine, The National Institutes of Health, Bethesda, Maryland.)
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ARDS (pnomoni), 60 kg PBW
* Ventilasyon:
VT =6 mi/kg =360 mL
* FRC (¢ahisir akciger hacmi) =
* 1500 mL
e Strain = VT / FRC
* 360/ 1500 = 0.24

e Guvenli duzey (dusuk strain)

ARDS (pnomoni), 60 kg PBW
* Ventilasyon:
VT =6ml/kg =360 mL
FRC =

* 600 mL (“baby lung”)
Strain = VT/FRC

* 360 /600 =0.60

Ayni tidal volim, 2.5 kat daha fazla
strain

Bu durumda AP artar - stress artar
— VILI riski cok yukselir

Klinik mesaj:

“6 ml/kg” her hastada ayni degildir. Baby lung ne kadar kiigiikse, strain o kadar biiyuktiir
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Hasta FRC Elastans (sertlik) VT Strain Stress (= AP)

A 800 mL 25 cmH,0/L 300 mL 0.37 10 cmH,0
B 800 mL 45 cmH,0/L 300 mL 0.37 18 cmH,0

Klinik mesaj:
Sadece VT'ye bakmak yetersizdir.
“Stiff lung” (yuksek elastans) - ayni hacimde cok daha yliksek stress = VILI riski.
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» Driving Pressure < 15 cmH,0
* AP (Driving Pressure);
— Tidal volumun akcigerde ne kadar mekanik »Pplato < 30 cmH,0
bozulma (dinamik strain) yarattigini tahmin
eder,
 Plato basinci (Pplato); '
— Akcigere uygulanan basinci (akciger stresi) e 1
yansitir. A i
)~ /.
e Her ikisi de barotravma riskini olcer. ‘, 0’(6”/ ‘
'I _5_
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MEKANIK GUC
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Sizin Sesiniz, Sizin K ongrensz, .,

» Mekanik ventilasyon uygulanan bir hastada
. . . A yeak B Mechanical Power Components
birim zamanda solunum sistemine /L[
uygulanan total enerji -
.« TV | L —

* Basing
e Akim hizi
° Fre kans Time Pressure

FIGURE 3| Schematic representation of Mechanical Power. In panel (A) we display a single breath of a patient ventilated with Volume Assist Control. Graphs show

L] ] . v ]
> V I I_I ris k NI d e ge rI en d irme d e k u I I ani I Ir changes i Pressure, Flow and Volume over time and highight points ofnterest: PEEP, peak pressure (Ppeak) and plateau pressure Pplt, t end of inspiratory pause).

Infigure (B), we display a Volume-Pressure loop with the same points of interest observed in panel (A). Dark gray area represents Resistive Mechanical Power, change in

Volume
-
-

m
m
-l

Pplat Ppeak

pressure to overcome resistive respiratory forces integrated over change in volume (tidal volume); middle gray arearepresents Elastic mechanical power, change in

Ll [ ]
> (( IVI e ka n I k ve nt I I a Syo n d o z u )) pressure to overcome elastic respiratory forces integrated over change in volume; light gray area represents PEEP mechanical power, a static component of pressure

representing baseline tension on the respiratory system also integrated over change in tidal volume. (Adapted from Silva et al., 2019).

Front. Physiol. 13:817263. doi: 10.3389/fphys.2022.817263
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Review Article
| Review Article | Page 1 of 10

Driving pressure and mechanical power: new targets for VILI
prevention
Tommaso Tonetti', Francesco Vasquesl, Francesca Rapettil, Giorgia Maiolo', Francesca Collino’,

Federica Romitti', Luigi Camporota®’, Massimo Cressoni®’, Paolo Cadringher’®, Michael Quintel’, Luciano
Gattinoni’

Akciger havalanmasini
saglayan,
PEEP Driving pressure Resistive 5
Volume °%° 9P pressure Elastansi yenen gu¢
(mL)
800
Akcigerleri acik © g
.. g 700
tutan glc =
>
8 600 :
= Rezistansi yenen, gaz
500 akisini saglayan gli¢
400 S _ _ _ _ -
e 300
=
g
e 200
a

100

T T

0 5 '/10 15 20 125 30
Pressure

PEEP Pplato Ppeak  (cmH,0)
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Mekanik Guc¢ Formulleri

Elastance related Resistance related PEEP related
component component component

MP=( V& X g X 1/2 + VIXIREUKIE + VIXIPEER ) x RR x 0.098

V; = tidal volume, ERrg = elastance, Ryw = airway resistance, F = inspiratory flow

1.
MPSurrogate = 0.098 X Vt X RR X (Apinsp + PEEP ) PCV, Becher T et al
2. '
VE x (P, +PEEP + Insplratgry Flow) .
MPgogate = T VCV, Giosa L et al

MP (J/min) = 0.098 x VT x RR x (Ppeak — 1/2 x AP)
MP normalized to PBW (10~3 J/min/kg) = MP/PBW
MP normalized to lung compliance (J/min/mL/cmH;0) = MP/compliance = MP/(VT/AP),
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MYV Ayarlari Hasta Geri Donus

RR P

Solunum 18 /dk /\ — —

RR 18 /dk Vie 357

VT: 6 mL/kg PBW (60 kg) - 360 mL

— = e AKCHGER SAGLIGH VE YOGUS BEAKIM DERNEGE
PEER 10 cmH,0 Ppeak 30 250 |

C
| A~ s —
s B NaIT R
|

Akis hizi 100 vsdak Pplat 24 __ 40 R e
Floz 100% 100 T 14 ‘- 2! 35[).! 3.0

Hacim Kontrollti Gl

CStat 2 5 :a'lLfC.r'rwl-l:gO = 4.0 7.0
Direnc 1 O mh/OjL/s Mekanik Guc Hesap (VCV)

EtCOZ 41 mmHg MP= 14-6 J/dk

MP=0.098 x 18 x 0.36 = (30 - 7)

Dondur

!Alarm \"\w |, Dalgalar (@LLL Man. Nefes

N —

AP: 14 cmH,0 (Pplat-PEEP; 24-10)
Crs: = 26 mL/cmH,0 (360 / 14)
MP = 0.098 x RR x VT x [Ppeak — 0.5xAP]
Mekanik Gii¢ (VCV): = 14.6 J/dk
Hizh risk tahmini (Costa)*: (4xAP)+RR; 74
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Hasta Geri Donus

MV Ayarlari
32

- TS VT: 6 mL/kg PBW (60 kg) - 360 mL i | AN -
i | K i /kg ( g) Solunum 32 /dk A — —
k ¢ ; b % : = AXCIGER SAGLIG VE YOSUS BAKIM DERNEG!

RR 18 /dk Ve 3p5

PEEP 10 cmH,0 Ppeak 30 '-;"51'): | : > ik
100 Lk e

Atz Pplat 24 St

Fio? 100% 100 AP 14cmH.035”‘ =

Mode Hacim Kontroll( _
Cstat 25 rnur:rnHI;rljm

Diren 50
ens 10 criyO/LO "~ “ k

EtCOZ 41 mm!hgz:’m j

/_\/’—/—\/ Dondur
3.0 4.0 3.0

4.C
\~/w |,  Dalgalar (i) Man. Nefes

; Alarm Trend

MP = 0.098 x RR x VT x [Ppeak — 0.5xAP]
Mekanik Gii¢ (VCV): = 26 J/dk
Hizh risk surrogate (Costa)*: (4xAP)+RR; 88

AP sabitken RR artisi, mekanik guicu dramatik artirir.
Akcigere verilen toplam enerji asil belirleyicidir.



MEKANIK VENTILASYON: Yatak Basi Limit Referansi

Formiil / Nasil 6lguliir? Normal / Hedef Limit Asildiginda

Ppeak (Tepe Basing)

Pplato (Plato Basing)

AP / Driving Pressure

Komplians (Cstat)

Rezistans (Raw)

oto-PEEP

Mekanik Gug

Solunum sayisi

Ventilatorden direkt okunur

0.5 sn inspiratuar pause -
manometre

Pplato — PEEP

VT / (Pplato — PEEP)

(Ppeak — Pplato) / akim hizi

Ekspiratuar bekletme maneuvr.

0.098 x f x VT x (Ppeak — AP/2)

Ventilatorden ayarlanir, direk
okunur

< 35-40 cmH,0

< 28-30 cmH,0

<15 cmH-,0

50-70 mL/cmH,0

Entiibede <6
cmH,0/L/sn

0 (ideal)

<17 J/dk

14-22/dak

TV, akim, ETT kontrol et

TV, PEEP{ dene, komplians bak

TV{ — VILI bagimsiz risk!

Disuk: ARDS, fibrozis. Yuksek: amfizem

Bronkodilatator, ETT tikaniklk?

I:E uzat, fd,, TV, bronkodilatator

Her parametreyi ayri ayri optimize et

Sedasyon, analjezi, pron, TV
optimizasyonu



Yatak Basinda Ne Sormaliyim? — Temel Solunum Mekanigi Algoritmasi

1. Ppeak yiiksek mi?

2. Pplato > 30 cmH,0?

3.AP > 15 cmH,0?

4. oto-PEEP var mi?

EVET - Pplato da yiksek -

Komplians sorunu (ARDS, fibrozis)

HAYIR - Pplato normal -

Rezistans sorunu (KOAH, sekresyon)

EVET - TV azalt (4-6 ml/kg'a)

HAYIR - PEEP degerlendir,
komplians hesapla

EVET - TV daha da dustir,
prone,rekruitment
(permisif hiperkapni kabul)

HAYIR - Mevcut TV sirddur,
diger parametreleri optimize et

EVET = [:E uzat, fd,, akim
Bronkodilatator basla

HAYIR - Devam et,
ekspirasyon yeterli

A Tim vakalarda: TV (ml/kg IBW) > Pplato > AP - oto-PEEP > Mekanik Gii¢ siralamasiyla dederlendirin
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Temel Mesajlar

TV’i ideal kiloya gore ayarla
¢ 6-8 ml/kg, ARDS’de 4-6 ml/kg (ideal kiloya)

« <30 cm H20 olmall, insp hold manevrasini rutin yap

Her degisiklik sonrasi Pplato ol¢
2
\

> Siirticti basinci takip et
3 e AP <15 cmH20 olmali

e Eksp. Hold manevrasiile, akis hizini, frekansi ve I:E oranini ayarla

|
Oto-PEEP’i atlama
4
|

> Mekanik gii¢ hesapla, transpulmoner basing o6l¢climii yap

e ileri degerlendirme icin

6 > Hastayi ventilatore degil, ventilatoru hastaya uydur
e Hastalik fizyolojisini dikkate al, KOAH, ARDS, Fibrozis ayni degil

/




Ventilator Monitoring:
A Clinical Reference Guide

Goal: Provide medical professionals with clear, categorized parameters, definitions, and normal
clinical ranges for bedside decision-making to balance oxygenation/ventilation and minimize VILI.

- By X @Saleerntarnilalh
. :

Pplat PEEP Pmean

(Plateau Pressure) (Positive End-Expiratory Pressure) (Mean Airway Pressure)

Ppeak

(Peak Inspiratory Pressure)

Pressure

Time
Measured during Pressure remaining at and Average airway pressure
inspiratory pause to reflect of expiration to prevent during the entire cycle;
alveolar pressure. alveolar collapse. primary determinant of
patient oxygenation.

Time

Maximum pressure during
inspiration.
Typical: 15-30 cmH20;
>35—-40 cmH;0 increases
berotrauma risk.

Recommended limit: Typical range:
Aim for =30 cmH,0. 5—10 cmH,0. Range: 5—-15 cmH;0.

TVivs. TVe Respiratory Rate
(Inspired vs. Exhaled) (T total)
Breaths
per minute
—— These values should be Calculated as TV x Total breaths per minute
pr:::gt‘:t& gog;‘.wl-é:;gh:’gcr nearly identical; significant Respiratory Rate. (mandatory + spontaneous).
protective ventilation. difference suggests a Normal range: Normal adult rate:
system leak. 5-8 L/min. 12-20 breathe/min.
L
— Mechanics: Resistance & Compliance —\

Ri & Re
(Inspiratory &
Expiratory Resistance)

Static Compliance
(Cstat

RCexp

(Expiratory Time Constant)

Product of resistance and
compliance, reflecting how
quickly lunge empty.
Typical range:
0.3-0.6 seconds.

Measured without airflow:

T
(Ppiat — PEEP)
Normal range:
60—100 mL/cmH,0.

Measured l{;.lring airflow:

T
(Ppeak — PEEP)
Normal range:
60—100 mL/cmH,0.

Normal range:
5-10 cmH_O/L/s, increases
indicate bronchospasm,
secretions, or tube
obstruction.

FiO2
(Fraction of
Inspired Oxygen)

Work of Breathing
(WOE)

-

RSBI
(Rapid Shallow
Breathing Indes)

A A

Normal range: 0.3-0.7 J/L;
increases often caused by
airway resistance or patient-

Calculated as RR
TV (in Liters).
Primary indicator:

RSBI <10S indicates successful

Difference between inspired
and expired minute
ventilation.
Normal levels:

Target levels are usually
250% to avoid oxygen
toxiclty risks.

ventilator asynchrony.

weaning readiness. Typically between 0—5%.

By > @SaleemHamilah

TESEKKUR
TDERIM. ..

maydogdu@gazgi.eduw.tr
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