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Fisiologia do Torax




Fisiologia do Torax
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Complacéncia Toracica
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Fisiologia do Torax
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Complacéncia Toracica

* O que mantém a CRF

— Torax: arcabouco Osseo e tonus da musculatura
intercostal.

— Surfactante (fosfatidil colina)
 Mais eficiente nos alvéolos de menor raio.

— PEEP natural: fechamento das cordas vocais antes do
fim da expiracao, alta resisténcia nasal.

— Conteudo alveolar: oxigénio e nitrogénio

X

— Recolhimento elastico do pulmao

PVM



CRF

The balance of inward recoil of the lung
tissue tending to collapse the lung
countered by outward recoil of the

chest wall tending to expand the lung.

The exact balance of these forces at the

end of expiration represents the
functional residual capacity (FRC) of the
lung. C, The lung volume that exists at
the end of expiration, the FRC.

Ke}g\(}li and Chernick’s Disorders of the Respiratory Tract in Children, Eighth
Edit
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Volume de Fechamento (VF)

* Definicao: O volume de gas que permanece no
pulmao quando pequenos alvéolos e vias
aéreas em regioes dependentes do pulmao
sao consideradas colapsadas.
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CRF

VF

CRF

Atelectasia

DENSEVE
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Ventilacao Mecanica

e Lesao pulmonar induzida pela assisténcia a
saude.

e Atelectrauma

e \olutrauma
e Barotrauma

PVM



Atelectasia induzida pela VM

* Atelectasia Intra-operatoria
— compressao mecanica do parénquima pulmonar
— absorcao do conteudo gasoso alveolar
— disfuncao do sistema surfactante

Anesthesiology 2005; 102:838 -54

Pulmonary Atelectasis

A Pathogenic Perioperative Entity

: o i Anesthesiology 2005; 102:838-54
Michelle Duggan, M.B.,” Brian P. Kavanagh, M.B.t
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Atelectasia induzida pela VM

e Atelectasia

— compressao mecanica do parénquima pulmonar

* relaxamento da musculatura e deslocamento para
dentro do térax do diafragma relaxado

* Peso do coracao repousado sobre o parénquima
pulmonar,

e Compressao das regidoes dependentes do pulmao

— Limitacao da expansao pulmonar

* Menor expansao da caixa toracica fixa no leito

PVM



Atelectasia induzida pela VM

* Efeitos da Postura na CRF
* Deslocamento cefalico do diafragma

— Sedacao/bloqueio neuromuscular
— Peso das estruturas

— Pressao abdominal x toracica

— Queda da CRF sem PEEP

* CRF x Capacidade de fechamento
Colapso pulmonar =» ATELECTRAUMA

PVM



Fig 4 Diagram of a midsagittal section of the thorax while awake (solid lines) and while
anaesthetized (dashed lines).
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Atelectasia induzida pela VM

* Mistura de Gases
— Atelectasia de reabsorcao
— ApOs oclusao completa
— Relacao v/Q baixa
— FiO2 alta

PVM



Atelectasia induzida pela VM

Pleural pressure

Ventilation
© Perfusion

A. Open alveoli
B. Airway closure
C. Atelectasis




Atelectasia induzida pela VM

e Mistura de Gases
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Atelectasia induzida pela VM

e Mistura de Gases

— FiO2 100%: aumenta shunt pulmonar
* 100%: shunt aumenta de 0.3% to 6.5%.

— 8cm?2 de atelectasia

* 30%: shunt aumenta para apenas 2.1%,
— 0.2cm2

— Lesao oxidativa.

PVM
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Fig 1 Examples of CT scans of a patient with healthy lungs, before and after induction of
anaesthesia.

6. Oce

Before induction After intubation

Magnusson L , Spahn D R Br. J. Anaesth. 2003;91:61-72

PYM BJA British Journal of Anaesthesia



Figure 2. Percentage of pulmonary atelectasis at baseline and after the anesthesia induction
in control and positive end-expiratory pressure (PEEP) patients. #P < 0.0001 compared with
the PEEP group; *P = 0.0001 compared with baseline; *P = 0.006 compared ...
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Fig 6 Samples of CT scans of a morbidly obese and a non-obese patient before anaesthesia,
after extubation and 24 h later.
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Atelectasia induzida pela VM

* Disfuncao do sistema surfactante

— Surfactante
e Grande agregados x pequenos agregados

 Reduz tensio alveolar =» estabiliza o alvéolo =
previne colapso alveolar

— Volutrauma

PVM



Atelectasia induzida pela VM

* Disfuncao do sistema surfactante

— Volume corrente elevado
* Alteracao na area de superficie
» Atividade aumentada de protease no espaco aéreo

— Aumenta propensao a colapso
— Expansao desigual aumenta estresse regional

— Aumento da pressao de filtracao vascular
promove formacao de edema

PVM



Atelectasia induzida pela VM

Ateletrauma nas areas colapsadas
Diminuicao da complacéncia

Volutrauma e barotrauma nas regides nao

L}

colapsadas
Hipoxemia
Aumento da RVP

INFLAMACAO
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Atelectasia induzida pela VM

Shear forces

Mormal
alveol

. Cyclic opening
and closing

Collapsed
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Mecanismos da Disfuncao Pulmonar

e Atelectrauma

— Recrutamento repetido
— Estresse por cisalhamento

* Barotrauma: ruptura dos espacos aereos e fuga
de ar: Pneumomediastino / Enfisema subcutaneo
/ Pneumotorax

* Volutrauma: lesao por volume corrente alto

* Grau de insuflacao parece ser mais importe que os niveis de
pressao

PVM



A Normal Lung

Alvelolar

arteriole
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Capillary lumen
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Interstitial
tissue

Inter-epithelial
junctions

Elastase and
other proteases

Alveolar space Murray and Nadel's Textbook of Respiratory Medicine , Fifth Edition
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Membrana hialina
Hemorragia alveolar

i Infiltracao neutrofilica




Mechanical Ventilation

Biochemical injury <— ¢ » __—* Biophysical injury
(biotrauma)

* Shear

Epithelium/ _ : * Overdistention
interstitium Cytokines, | » Cyclic stretch

'. complement, « }Intrathoracic
\ ! _+ PGs, LTs, ROS, —

. , LTs, - ressure
\-// "/ proteases P

I

| Bacteria hd

t Alveolar-capillary permeabilit
{ Cardiac output
} Organ perfusion

Neutrophils s ; v v

Distal Organ Dysfunction

Goldman's Cecil Medicine , Twenty-Fourth Edition

Lee Goldman, and Andrew |. Schafer




Prematurity
C-section
Intrapartum asphyxia

Diminished
surfactant

R
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C VARIATION OF
CAPILLARY Pg

B e,

Mixed- Systemi .
venous” [ artenal Distance

blood blood

Reaches
equilibrium

Capilla
PA & 100

0.25 second,

or one third 40
the total

transit time

0 100
(0.75 second) Distance along pulmonary
capillary (%)

Medical Physiology , Updated Second Edition

Walter F. Boron, and Emile L. Boulpaep
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Inflamacao

Thin
barrier {a)

Distance

* Peep, FiO2, I/E, Aumentar fluxo, Pausa Ins.
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A, Electrophotomicrograph of a type | pneumocyte.
Note the thin alveolar-arterial interface.

PVM




Distribution of pulmonary ventilation and perfusion
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shunt
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Distribution of pulmonary ventilation and perfusion

Po, (mmHag)
60

S/

98.2% 058% /4% =
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Mean saturation

£9%

Oxygen saturation %

Y
Mean arterial Po,
7 6kPa (57 mmHg)
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Alveolar/arterial Po,

difference 3.1 kPa (23 mmHg])

Mean alveolar Po,

high 9
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Abordagem da Disfuncao Pulmonar

PEEP IDEAL

+

PARAMETROS MINIMOS DE
VENTILACAO
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Objetivos da VM

 Manter troca gasosa com o minimo de lesao
pulmonar e lesao hemodinamica

* Reduzir o trabalho respiratorio

e Evidéncia esmagadora de que o volume
corrente é o principal determinante da injuria
pulmonar

PVM



Volume corrente, FR, I:E Disparo: Tempo Ex FR 30/min=>» 1ciclo/2seg
Ciclagem: volume. Pode adicionar platé.

Fluxo: calculado baseado no Vt e no tempo inspiratorio.



Ciclo a volume

e Ex: FR 10; I:E 1:2; Vt 500ml|

60segundos:10= 6segundos/ciclo
I:E1:2 2:4

500ml/2= 150ml/s
50%de pausa: 500ml/1s= 500ml/s

PVM




Ciclo a volume

* Pausa inspiratoria

C VARIATION OF
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Pausa inspiratodria de 50%(1): Vt é oferecido em metade do Ti.
Sem pausa(2) Vt é oferecido durante todo o Ti.
A pausa permite enchimento alveolar mais rapido.

Onda de fluxo quadrada: ventilacdao a volume




Onda de fluxo quadrada: ciclo a volume. Pausa inspiratodria: observe
aumento do Ti e consequentemente alvéolo fica aberto mais tempo

Volume

(ml)

Volume corrente estavel = sem vazamentos

[\

Ti + Pausa

Fluxo
Zero

P
Pico de Pressao
pressao cmH_O

Pressao ( 2 )

N ausa
Pressao P

alveolar




Mais tempo de alvéolo aberto: maior tempo disponivel para troca de 02

Volume

(ml)

Volume corrente estavel = sem vazamentos

[\

Fluxo

Zero ==
‘ —p— L = ;;Aé.,...V =
Lf/ i Reaches

i equilibrium

Pico de

pressao
Pressao

N ausa
Pressao P

alveolar




Mensuracao da resisténcia de vias aéreas (Raw) e da complacéncia
estatica (Cst) do sistema respiratério na VCV, modo controlado

Raw= (Ppressdo — Pausa)/Fluxo Cst=VC/ (Ppausa — PEEP)
Raw= 40-30/1 Cst= 500/30-5

Raw= 10cmH20/l/s Cst= 20ml/cmH20

— PVva
Palv=Pel

" VC:500ml
Fluxo:60l/min ou 1l/s
PEEP Tipo “quadrado”

ScmH20

Tem[m (S)




Pressdo inspiratoria, FR, I:E Disparo: Tempo Ex FR 30/min=> 1ciclo/2seg
Ciclagem: tempo (pressao alvo controlada).

Fluxo: descendente.




Ciclo a Pressao

e Ex: FR40; I:E 1:2; P1 20
60segundos:40= 1,5segundos/ciclo
I:€ 1:20,5:1

Ajusta fluxo para manter pressao
Sempre em 20cmH20

PVM
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Onda de fluxo descendente: ventilacao a pressao. Aumento da Pi
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Onda de fluxo descendente: ventilacao a pressao. Aumento do Ti
gera aumento do Vt e permite que pressao do sistema se iguale a
pressao alveolar

Volume

(ml)

Volume corrente variavel até um limite maximo

AN AN

|
J\F\ui‘a Zero

i Pressao
(cmH,0)

Pressao de via aerea

Pressao
alveolar ]i




1.000 |

Volume
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Volume corrente variavel até um Iimite méximo
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Volume corrente variavel até um limite maximo

|\
|| Fluxo zero

—

V

Pressdo
(emH,0)

Pressao de via aérea
Pressao
alveolar

Volume corrente estavel = sem vazamentos
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Pico de Pressao
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15 Pressao ( 2 )
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Onda de fluxo descendente: ventilacao a pressao. Observe efeito de
aumento de resisténcia x reducdao de complacéncia

Volume
Aumento Redugéo (ml)

da resisténcia da complacéncia

/\ e~ A"/H_\\

Pressao
(cmH,0)

Pressao
alveolar




Ciclo a pressao com volume alvo

e Servo 300 and Servo-I (Maquet Critical Care,
Bridgewater, NJ.

— PRVC (Pressure-regulated volume control)
— Limitado a pressao, ciclado a tempo

— Capaz de ajustar a pressao inspiratoria baseada no
volume corrente

— Ajusta automatico na pressao nao passa de
5cmH20

— Vazamentos, dificuldade em medir o VT

PVM



6.4.2 PRVC IN DETAIL
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Ciclo a pressao com volume alvo

* Bird VIP Gold (Viasys Healthcare, Palm Springs,
CA)
— Modo hibrido
— PS com volume assegurado
— Limitado a pressao, ciclado a tempo

— Se Vt nao é atingido: ciclo passa a fluxo e aumenta
a Pl

— Nao ajusta para garantir Vt pequeno se
complacéncia melhora.



Ciclo a pressao com volume alvo

* Avea
— Modo hibrido
— PS com volume assegurado

— Funcao de desarme da inspiracao de Vit passa do
limite preestabelecido.

— Falta desarme automatico da pressao inspiratoria



Ciclo a pressao com volume alvo

* Draeger Babylog (Draeger, Inc., Lubeck,
Germany)

— Usa Vt exalado

— Ajusta Pl baseada no Vt do ultimo ciclo

— Algoritimo limita aumento grande na Pl

— Algoritimo corrige rapidamente Vt grande



Spontaneous Assist volume Assist pressure Pressure support
breath control control and pressure- ventilation
regulated volume control

Volume

Pressure
Limit

SVX-B97_EN




Abordagem da Disfuncao Pulmonar

* Controle da Ventilacao
— Monitorizacao adequada.
— Intervencao adequada.

PVM



Pressure

- *e »

InspirationExhalation

Respiratory monitoring during mechanical ventilation
Robinder G Khemani, Robert D Bart. and Christopher JL Newth




Piora da mecanica
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| DC (T

retificacao do diafragma
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Mensuracdo da
P alveolar / \

P via aérea

Tempo (s)




Monitorizacao
* Discutir obstrucao x piora da complacéncia

Increased Airway Resistance Decreased Compliance
A

FIF FIF

PVM



Monitorizacao

Curva

Pressao
Volume

w
-
o

C = AV/AP

E
Q
E
=
o
>
©
=
-

- ZONe of overdistension —b Upper reflection point
Maximal compliance » Lower reflection point
Zone of under recruitment

! |

30 40
Pressure (cm H,0)

Respiratory monitoring during mechanical ventilation
Robinder G Khemani, Robert D Bart. and Christopher JL Newth




Monitorizacao

Tracado alterado

Volume (ml)
hiperdistensao

N

v
L/

Presséo (cmH,0)

PIP: 26 cmH,0

Tracado corrigido

Volume (ml)

normal

T

Presséo (cmH,0)

PIP: 22 cmH,0




Monitorizacao

Increased Compliance Decreased Compliance

.
.

14 14
Pressure Pressure

Example: Emphysema, Example: ARDS, CHF,
Surfactant Therapy Atelectasis




Monitorizacao

e Atelectasia

Decreased Compliance

PIP P/ T

£
@
E
o
o
>
©
=
-

| | |
10 20 30
Pressure (cm H,0)

Normal lung — Low compliance lung




Onda de fluxo quadrada com pausa: ventilacao a volume. Observe efeito de
melhora da complacéncia (Ex. recrutamento de atelectasia, toracocentese de
alivio no pneumotadrax, tto da congestao pulmonar, etc...)

Fluxo (I/min)

Pva (cmHZO)




Onda de fluxo descendente: ventilacao a pressao. Observe efeito de piora
complacéncia (Ex. atelectasia, pneumotdrax, congestao pulmonar, etc...)

Fluxo (I/min)

Pva (cmH,0)
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Ciclo a volume com pausa. Observe efeito de piora da complacéncia, com melhora
no terceiro ciclo. Ocorre aumento da pressao de pico e platd, com manutencao da
diferenca entre as duas pressoes.

“

’iili £ PVM Elaccen



Ciclo a volume com pausa. Observe efeito de aumento da resisténcia. Ocorre
aumento da pressao de pico e manutencao da pressao de plato.

PVM
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Tidal volume (ml)
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Mecanismos da Disfuncao Pulmonar

e Atelectrauma
— Recrutamento repetido
— Estresse por cisalhamento

* Barotrauma: ruptura dos espacos aéreos e fuga
de ar: Pneumomediastino / Enfisema subcutaneo
/ Pneumotdrax

* Qutros diagnosticos

PVM



Limitacdes da radiologia: qualidade do exame (topo — mesmo paciente, aparelhos
diferente), técnica (inferior — mesmo paciente, um ins outro expirado)




Curvas permitem diagndstico: piora da complacéncia apds acesso central, motivo foi
hemotodrax.

Hemothorax: Supine chest x—kay
with a subtle density difference.



Tidal volume (ml)

20
Pressure (cm H,0)

Anteroposterior chest radiograph shows endotracheal
tube (arrows) extending into bronchus intermedius, with resulting
collapse of left lung and right upperlobe from hypoventilation.




A 22-year-old man was involved in a
high-speed motor vehicle

crash. A, Anteroposterior chest
radiograph shows right
pneumothorax,
pneumomediastinum, right lung
collapse, and subcutaneous
emphysema. B, Computed
tomography shows tracheal
laceration (large arrow), right
pneumothorax (asterisk), and
collapsed right lung (small arrows) in
dependent portion of chest (“fallen
lung sign”).




tracheal
deviation?

————pleural lini

Curvas permitem diagndstico: piora da complacéncia apds pneumotorax.

PVM



Necessario atencao, principalmente se penumotdrax pequeno!!!!

absence of lung
f_,/ markings

____—pleural line

_—lung markings
- are present

b

This young male suffered a spontaneous left pneumothorax. The x-ray
demonstrates several features typical of pneumothorax and is subtle, though
the pneumothorax is relatively large. This pneumothorax appears to be

restricted to the left apical region on this upright chest x-ray
PVM



mediastinum Decreased Compliance
shifted to left

PIP
Raw
Pplat

subcutaneous

chest tube in
cross-sectio

Tidal volume (ml)

|
30
Pressure (cm H,0)

— Low compliance lung




Curvas permitem diagndstico: piora da complacéncia apds derrame pleural

A
\
I|I

|
normal
diaphragm pleural fluid
normal costophrenic obscures left
angle heart border
and diaphragm

Decreased Compliance

PIP

Tidal volume (ml)

o
&

=2

ple'ural fluid




pneumothorax
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seen in
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section
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Diagnostico diferencial: complacéncia reduzida por conteddo abdominal
dentro do torax.

A 48-year-old man involved in a motor vehicle crash sustained a diaphragmatic
injury. A, Bedside chest radiograph shows diffuse opacity in left hemithorax and
rightward mediastinal displacement (white arrow). A round lucency representing
the gastric bubble is present within opacified left hemithorax (black

arrows). B, Coronal computed tomography re-formation shows partial herniation
of stomach (gastric fundus [single arrow] and gastric body [double arrows]) into
chest through a large defect in diaphragm (arrowhead).

PVM




Diagnodstico diferencial: complacéncia reduzida por congestao pulmonar

o

, cardiomegaly
blunted costophrenic
angle

Congestive heart failure, postpartum: Ejection fraction of less

than 15%, no pericardial effupéhiﬂon.




Diagnéstico diferencial: complacéncia reduzida por pneumoperitonio. Pode
ser uma complicacao do CPAP nasal, ou ulcera péptica, como no RX abaixo

subdiaphragmatie:

This patient was found to have a perferated gastric ulcer at laparotomy.




Diagnostico diferencial: complacéncia reduzida por atelectaisa

elevatec
right
diaphre

normal left e_ler:/ate
diaphragm ngnt
¢ - diaphrag
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tracheal
deviation to
\ patient's right

elevated
hemi-

diaphragm mediastinum

shifted to the
patient’s right

A. Atelectasia por
rolha em paciente
asmatico. Ver sinal
de “stop bronquico”
seta vermelha

C

8mi-diaphragm \_

restored to
al position

—

»
increased inflation after intubat

increased lucency of leftlung, @

Lincreased mediastinal shift t

¥ 1o increased volume of left IS Over diStensao d

mediastinum
restored to midline

esquerda e piora da

atelectasia a direita
apos intubacao e
instalacao de VM,

com piora da hipoxia

C. Melhora apds remover
rolha com broncoscopia




VM PROTERTORA
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CRF > VF VF > CRF
Desejavel Atelectasia



Anestesia, biotrauma, inflamacao, ateleétasia,
FIO2 alta, Auséncia de PEEP, edema

CRF

Atelectasia

DENSEVE

PVM



Virtual

shunt
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VM Protetora

Evitar barotrauma
Evitar volutrauma
Evitar atelectrauma
Usar PEEP para estabilizar o alvéolo
Minimizar FiO2

Vt < 6ml/Kg

Pressao plateou <25-30cmH20
Diminuir espaco morto

PVM



Biotrauma

* Efeitos deletérios da vasoconstriccao
pulmonar hipoxica.

— Aumenta RVP

— Confunde diagnostico

PVM



VM Protetora

* Dosimetria: “VM €& uma Arte”
— Resolver o problema minimizando o dano

— VM: parte da estratégia para manter paciente na
/ONA VERDE

Metabolismo
Anaerodbico

Metabolismo aerobico

|
|
i, Zona Independiente

o
@)
>
o
£
=
)
c
o
O

Transporte DO2



DOSIMETRIA

* DO2=DC x Ca02 (Ca02=Hb x 1,34 x St02)
— Biotrauma: aumento po6s-carga VD, diminui DC
— Biotrauma: SARA: diminui Ca02

— Suporte insuficiente: aumenta trabalho
respiratorio; nao melhora a hipoxemia.

Metabolismo Metabolismo aerdbico
Anaerobico

Zona Independiente

o~
@)
>
o
=
=
)
c
°)
&

Transporte DO2



WHICH VOLUMES CAUSE
LUNG INJURY?

ot £one Overdistention

Volutrauma Zone
Time ——

A B

Atelectasis

C

<

|
|
'
'
1
A
4
1
'
'
'
'
'
L
.

P------.-

A HighVy B Normal Vi, C Normal V;, D Optimal
low PEEP high PEEP low PEEP ventilation
O W. Carlo 2003

Journal of Perinatology (2007) 27, S64 — S70r2007 Nature Publishing Group All
rights reserved. 0743-8346/07 S30




Figure 2 Strategy to avoid ventilator-induced lung injury — adopted from
HFO ventilation model (P = Pressure, V = Volume). Zone A = Under-
inflation causing atelectrauma. Zone B = over-inflation causing Volu-
trauma. Zone C = optimal recruitment inflation. Zone D = optimal expi-
ratory inflation: The goal should be to ventilate babies’ lungs from Zone C
to Zone D during each cycle therefose avoiding Zone A & B.




Abordagem da Disfuncao Pulmonar

* Ventilacao mecanica protetora
— Evitar barotrauma/volutrauma/atelectrauma
— Usar PEEP para estabilizar o alvéolo
— Minimizar FiO2
— Vt < 6ml/Kg
— Pressao plateou < 25-30 cmH20
— Permitir hipercapnia
— Minimizar espaco morto

PVM



Abordagem da Disfuncao Pulmonar

* N3o e s6 a VM que lesa o pulmao

The NEW ENGLAND JOURNAL of MEDICINE

Comparison of Two Fluid-Management
Strategies in Acute Lung Injury

The National Heart, Lung, and Blood Institute Acute Respiratory Distress

Syndrome (ARDS) Clinical Trials Network*

PVM



AND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Comparison of Two Fluid-Management
Strategies in Acute Lung Injury

The National Heart, Lung, and Blood Institute Acute Respiratory Distress
Syndrome (ARDS) Clinical Trials Network*

Table 3. Main Outcome Variables.*

Conservative Liberal
QOutcome Strategy Strategy

Death at 60 days (%) 255 28.4

Ventilator-free days 14.6+0.5 12.1+0.5
from day 1 to day 287

ICU-free daysT
Days 1to 7/ 0.6+0.1
Days 1 to 28 11.2+0.4

P Value
0.30
<(0.001

<0.001
<0.001




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

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

900 underwent randomisation

v

.

447 assigned to higher PEEP
3 received other treatment
than allocated

453 assigned to lower PEEP
3 received other treatment
than allocated

2 retracted informed
consent

4

2 retracted informed
consent
1 was randomised
twice
1 never received
intervention

v

445 available for the primary
analysis

449 available for the primary
analysis




PROVHILO TRIAL

* N pequeno
* Atelectasia persistente no pos-operatorio
relacionada a FiO2 alta

* Grupo PEEP alto: melhor complacéncia
toracica mas nao houve melhor desfecho:

— Volutrauma nas regides nao dependentes

— Hemodinamica

PVM



PROVHILO TRIAL

Higher PEEP Lower PEEP Relative risk P
group (n=445) group (n=449) (95%Cl)
Intraoperative complications

Rescue strategy for desaturation 11/442 (2%) 34/445 (8%) 0-34 (0-18-0-67) 0-0008
Hypotensiontt 205/441 (46%)  162/449 (36%) 1-29(1-10-1-51) 0-0016
Vasoactive drugs needed 274/444 (62%) 228/445(51%) 1-20 (1-07-1-35) 0-0016

New arrhythmias needing 12/442 (3%) 5/445 (1%) 2-38 (0-84-670) 0-09
intervention

(Table 3 continues on next page)

PVM



WHICH VOLUMES CAUSE
LUNG INJURY?

Yolutrauma Zone =
Overdistention

%

|

Time

Atelectasis

Yolutrauma Zone

—
—

S

A m

A HighVy | B Normal V4, | C Normal V, D Optimal
low PEEP high PEEP low PEEP ventilation
D W, Carlo 2002




WHICH VOLUMES CAUSE
LUNG INJURY?

Yolutrauma Zone

1
Yolutrauma Zone
Time

Overdistention

AN

Atelectasis

D

A B .« C

A HighVy B Normal V,, C Normal V, D Optimal
low PEEP high PEEP low PEEP ventilation
D W. Carlo 2002




Palv > Ppa=Pla

Ppa:= Palv = Pla
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Alveolar—capillary uni

a Normal alveolar-capill

Capillary at Capillary at
pulmonary pulmonary
arterial side venous side

Alveolus ‘

Deoxygenated Oxygenated Deoxygenated Oxygenated

blood blood blood blood
v/Q V
/Q

¢ Reduced ventilation Im d Reduced ventilation and perfusion

e

|

\ leoxygenated Oxygenated Deoxygenated Oxygenated
/"t blood blood blood blood
i

v/Q




Alveolar—capillary uni

a Normal alveolar-capill

Capillary at
pulmonary
venous side

Alveolus ‘ -

Deoxygenated Oxygenated
blood blood

¢ Reduced ventilation

Aumento da PEEP melhora relacdo V/Q.
Aumento exagerado leva a aumento do
“espaco morto”

A

|

\ leoxygenated Oxygenated Deoxygenated Oxygenated
/"t blood blood blood blood
1

v/Q




Alveolar—capillary uni

a Normal alveolar-capill

Capillary at
pulmonary
arterial side

Alveolus

Deoxygenated
blood

¢ Reduced ventilation

Y

j leoxygenated

Inflamacao

Capillary at
pulmonary
venous side

Biotrauma e inflamacao: inundacao do
alvélolo e vasoconstricao pulmonar
Oxygenated h I pOXI Cd

blood

Reduced ventilation and p¢g

Oxygenated
blood




Alveolar—capillary uni

pepw [\ Reposi¢ao Volémica

Capillary at Capillary at
pulmonary pulmonary
arterial side venous side

Alveolus

<

Deoxygenated Oxygenated Deoxygenated Oxygenated
blood blood blood o .
2548
Pulmonary
£ 154M capillaries Left
£ atrium
¢ Reduced ventilation d Reduced ventilation and perfusic € g: D ¢
2 —
0
Pulmonary Pulmonary Left
artery capillaries atrium

Oxygenatfd Deoxygenated Oxygenated




Alveolar—capillary uni

DESIDRATACAO

Capillary at Capillary at
pulmonary pulmonary
arterial side venous side

Alveolus

Deoxygenated Oxygenated

Desidratacao : ESPACO MORTO.

blood blood oo vv,

¢ Reduced ventilation d Reduced ventilation and perfusion

leoxygenated Oxygenated Deoxygenated Oxygenated
blood blood blood blood




DOSIMETRIA

* Peep
* Reposicao volémica
* Vasopressores

a Normal alveolar-capillary unit

Capillary at Capillary at
pulmonary pulmonary

Monitorizagao adequada [EEEEES vencus side
Alveolus

* Hemodinamica

([ ] Res p | ra to r'l a [Jeot)',:zzr:’gm?d Oxﬁgr;:ljted

°* IMagem

PVM



DOSIMETRIA

* DO2=DC x Ca02

— Lactato
— Sv0O2 e SvcO2

Metabolismo Metabolismo aerdbico
Anaerobico

Zona Independiente

o
@)
>
o
=
=
)
c
o
&)

Transporte’ DO2



DOSIMETRIA

Pa02/FiO2

* Recrutamento
* PEEP
 Armadilhas:
— PEEP muito alto: aumenta espaco morto
fisiologico
— Reposicao volémica excessiva: aumenta shunt

PVM



Capnografia

e Gradiente PaCO2-PETCO2

— Correlacao com Vd/Vt
— PEEPideal: reduz o gradiente Pa-PET

— PEEP excessiva: aumenta o gradiente Pa-PET
* Diminuiu DC
* Aumenta espaco morto

* Calculo do espaco morto
— VD/VT=(PaCO2-PECO2)/PaCO2

PVM



Alveolar—capillary uni

a Normal alveolar-capill

Capillary at Capillary at
pulmonary pulmonary
arterial side venous side

Alveolus

Deoxygenated Oxygenated m Deoxygenated Oxygenated

blood blood

blood blood V/Q

¢ Reduced ventilation Im d Reduced ventilation and perfusion

0.

|

\ leoxygenated Oxygenated Deoxygenated Oxygenated
/"t blood blood blood blood
i




Effective alveolar
ventilation

Exhaled volume
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Anesthesia Equipment: Principles and Applications , Second Edition

Jan Ehrenwerth, James B. Eisenkraft, and James M. Berry




EM-alveolar:
Y/(X +Y)

EM-
fisioldgico:
(Y+Z)/(X+Y
+7)

o
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Anesthesia Equipment: Principles and Applications , Second Edition
Jan Ehrenwerth, James B. Eisenkraft, and James M. Berry




A correction for this article has been published in Critical Care 2011, 15:410

Research Highly accessed

Bedside quantification of dead-space fraction using routine
clinical data in patients with acute lung injury: secondary
analysis of two prospective trials

Hassan Siddikil, Marija Kejicic2, Guangxi Li£, Murat Yilmaz2, Taylor B ThompsonZ,

Rolf D Hubmayrs and Ognjen Gajich

Key messages

« WVd/Vt has important prognostic significance in patients with ALI and ARDS, but is not routinely
measured in clinical practice.

« In mechanically ventilated patients with ALI and ARDS, Vd/Vt can be estimated from routinely
available clinical data (arterial blood gas analysis and minute ventilation).

« Elevated estimated Vd/Vt portends a poor prognosis in patients with ALI and ARDS.
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Original Research

Prognostic Value of the Pulmonary Dead-Space Fraction
During the Early and Intermediate Phases
of Acute Respiratory Distress Syndrome

Joan M Raurich MD PhD, Margalida Vilar MD, Asuncién Colomar MD, Jordi Ibifez MD PhD,
Ignacio Ayestarin MD, Jon Pérez-Barcena MD,

and Juan A Llompart-Pou MD

D Early phase
. Intermediate phasa

Conclusions

-]
=

Our findings are consistent with results from previous
studies and confirm that a higher alveolar dead-space frac-
tion in early and intermediate phases of ARDS 1s associ-
ated with a greater risk of death.

Mortality (%)

50 0 £8- 0 .58 0.52-
058 052 087 LE

Dead-Space Fraction
Fig. 1. Mortality according to the quartiles of dead-space fraction
in 80 patients with early-phase acute respiratory distress syndrome
and 49 patients with intermediate-phase acute respiratory distress
syndrome.




Table 2. Variables Associated With a Greater Risk of Death in the
Early Phase of Acute Respiratory Distress Syndrome

Non-
SUrvivors
(n = 35)

Survivors
(n = 45)

Age (mean = SD y) 44 + 16 39 = 17
SAPS Il (mean = SD) 39 =15 52 £ 16
SOFA score (mean = SD) 8431 113=x32
Use of vasopressors (n, %) 30(67) 20 (83)
Use of activated protein C 8 (18) 2(6)
(n, %)
Lung injury score (mean = SD) 2. S 2905
PEEP (mean = SD cm H,0) 4 + 3. 10.0 = 3.6
Tidal volume (mean = SD 9+26 1.7 £ 1.7
mL/kg IBW)
Minute volume (mean = SD 11.5 = 3.2
L/min)
Plateau pressure (mean = SD 26.3 =45
cm H,0)
Quasistatic respiratory 30.5 = 10.2
compliance (mean = SD
mL/cm H,0)
pH (mean *+ SD) 739 = 0.09 7.34 =0.10
P,co, (mean = SD mm Hg) 42 = 15 458
P I_Fm (mean = SD mm Hg) 162 + 61 141 + 44
Dead-space fraction (mean = SD) 0.53 = 0.11 0.64 = 0.09 <.
CO, production (mean = SD 3.4 =09 30=08
mL/min/kg of body weight)




Table 4.

Intermediate Phase of Acute Respiratory Distress

Syndrome

Variables Associated With a Greater Risk of Death in the

Survivors
(n = 31)

Non-
SUrVivors
(n = 18)

Age (mean = SD y)

SAPS II (mean = SD)

SOFA score (mean = SD)

Use of vasopressors (n, %)

Use of activated protein C
(n, %)

Lung injury score (mean = SD)

PEEP (mean = SD cm H,0)

Tidal volume (mean = SD
mL/kg IBW)

Minute volume (mean = SD
L/min)

Plateau pressure (mean += SD
cm H,0)

Quasistatic respiratory
compliance (mean = SD
mL/cm H,0)

pH (mean = SD)

P.co, (mean = SD mm Hg)

F'uume (mean = SD mm Hg)
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NukitVs Applied Respiratory Physiology , Seventh Edition
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EM alveolar

150 | - Anatomic
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EM ﬁSiO'égicQz e volome I

Alveolar air from —
previous breath

Deoxygenated Oxygenated
blood blood

Inspired air that fills
conducting airways

Conducting
airways

— |nspired air that
participates in
gas exchange

-

Alveoli

Alveolar air from
previous breath

Inspire one Vr
End-expiration «ssssesssssssssinrncrscsnnnnnnnnnfons » End-inspiration Physiology , Fifth Edition

Linda 5. Costanzo

Vd/Vt= (PaCO2-PeC0O2)/PaCO2
vd/vT=0,6> Vd=0,6xVt> Vd=360mI*0,6= 216
Vt alveolar= 360-216= 144ml.

Expired FCO,
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150 | - Anatomic
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Vd/Vt= (PaCO2-PeC0O2)/PaCO2
vd/vT=0,6> Vd=0,6xVt> Vd=360mI*0,6= 216
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Conducting
airways

Alveoli

Tidal volume -
= 500 mL 350

Alveolar air from
previous breath

Inspire one V1

End-expiration

150 | - Anatomic
B - dead space

— Inspired air that fills
conducting airways

— |nspired air that
% participates in
gas exchange

Alveolar air from
previous breath

Effective alveolar
ventilation

Exhaled volume

Te curto.

FR alta.

EM anatomico.
Aumento de resisténcia

DIMINUEM “volume de troca”
Peep acima da ideal.
Ti curto.

Lei de Poiseuille.




150

Tidal volume -
= 500 mL 350

Conducting | — Alveolar air from
airways | previous breath

Alveoli

Inspire one Vr
End-expiration

- Anatomic
B - dead space

— Inspired air that fills
conducting airways

— |nspired air that
participates in
gas exchange

Alveolar air from
previous breath

Expired FCO,

FaC02

/N
-/

v Davy

DIMINUEM “volume de troca”

Peep acima da ideal.

Ti curto.

Te curto.

FR alta.

EM anatomico.
Aumento de resisténcia




150 | - Anatomic
—_ dead space

Tidal volume -
= 500 mL 350

.._

Conducting - Alveolar air from Inspired air that fills
airways previous breath conducting airways
Inspired air that
% participates in
Alveoli + gas exchange
1.00¢ .
7] Basal aumeny.-- ~— Alveolar air from
oo | da resisténcia previous breath

:i | f\ DIMINUEM “volume de troca”
o [ 1 = —= Peep acima da ideal.
50 | / Ti curto.

Te curto.

] FR alta.

Pressao de via aérea

_:'. Pressao EM anatamiCO.
15 | \wm Aumento de resisténcia

10 1 PEEP




Manter Vt Efetivo

Peep ideal.

Ti adequado

Te adequado

Relacao I/E adequada

FR adequada

Reduzir EM anatdmico.

Evitar aumento de resisténcia

PVM



Espaco Morto

* Espaco morto anatomico Espaco morto
* Espaco morto alveolar fisiologico

* Peep adequado

/ ' AN
)132 | 28 | 553 |

e Zona 1 de West AR

| 117 ] 52 | 501 f9¢ 108 | 39 | 566 |
’
! \

e Gradiente PaCO2-PETCO2
 VD/VT=(PaCO2-PECO2)/PaCO2

PVM



Oximetria

Sa0, = 95 + 4%

PaOs> = 60 — 160 torr

n
o
]

;i
o
@
=

]
o)

51|
O

60 100
PO (torr)




DOSIMETRIA

Zone of volutrauma

Zone of atelectrauma

T T

Pressure (cmH,0)

a Normal alveolar-capillary unit

Capillary at
pulmonary
arterial side

Deoxygenated
blood

Alveolus

Consumo VO2

A

Metabolismo
Anaerobico

Metabolismo aerébico
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- "
A Normal Lung

Pulmonary
arteriole \‘

, i)
\'Q/ ©

Alveoli

4 t

y aesmm

~ Alvelolar
Bronchiole mucmpnage
&y
= Typell
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ke ol
r e Mesmo dentro da VM
protetora, pacientes com
Kerey B line patologias pulmonares
diferentes necessitam de
parametros diferentes

Atelectasia




VM e Protecao Pulmonar

Parametros da VM

Peep ideal e Parametros minimos

Resposta mecanica e
Resposta fisiologica

Monitorizacao Clinica

Pa-PetCO2, Graficos, ausculta, radiologia, pressdes de enchimento...

Monitorizacao Laboratorial
P/F — Lactato - SvcO2

PVM



Figure 20.5 Pulmonary acute respiratory distress syndrome
with infiltrates in nondependent lung areas, little atelectasis in

dependent lung areas, and small pleural effusions.
Lung Imaging in Acute Respiratory Distress
Syndrome by Computed Tomography

Klaus Markstaller and Hans-Ulrich Kauczor




Lung Imaging in Acute Respiratory Distress
Syndrome by Computed Tomography

Klaus Markstaller and Hans-Ulrich Kauczor
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Lung Imaging in Acute Respiratory Distress
Syndrome by Computed Tomography

Klaus Markstaller and Hans-Ulrich Kauczor




Ventilacao Prona Vards

"Ui‘A[j =1

ValQ<1

Lung Imaging in Acute Respiratory Distress
Syndrome by Computed Tomography

Klaus Markstaller and Hans-Ulrich Kauczor




VM prona resolve dois problemas:
Compressao das regides dependentes do pulmao OK
Menor expansao da caixa toracica fixa no leito OK



“Bilhete do Pneumologista”:

I Acute Lung Injury/Acute Respiratory Distress Syndrome

Place on nonrebreathing mask with 100% O3
Attach pulse oximeter for 5005 and measure ABG

Begin management of precipitating events or associated underlying diseases and MSOF
Consider right heart catheterization it hypotension present and diagnosis uncertain

Pafient alert and hemodynamically stable; RR<35, PaCO5<35 mm Hg; S00;=88%

.

Adjust Fio; to yield Sa0, BB%-95%
Consider NIPPV to relieve dyspnea

.

| Intubate; volume cycled ventilation; V1 6 ml/kg
PBW: Fios 1.0; PEEP 5 cm H-O assist
contral moade; conscious sedatien and
! maintain comfort
Code status discussed; NPO; PPl or H; blocker;
DVT prophylaxis; semi-recumbent (45°) position

Increase PEEP in 3-5 em H7O increments (or 500;=95%

consider ARDSnet PEEP/Fio; lodder) . !
Monitor ABG, blood pressure, urine output, . | Reduce Fios until
and [if available) cardiac index Fioo<0.6 _-l 5:02,_._: .;.2&;3 I

— Inadequate perfusion

Give volume
Consider rig ht heart catheterization

=30 cm H;O

Adequate perfusion Fios=0.46
AEERE R ¥

Measure plateau | Maintain urine output
pressure fuid intake 24-48 h

=30 em H;O




= 30 em HO

Confinue to increase PEEP by 3-5 em H;O
increments; repeat above assessment unfil
500, >88% and Fio;<0.6

| Measure plateau

pressurg

=30 em Hg'-:-"‘

Decrease V1 by 1 ml/kg PBW decrements (fo minimum
of 4) until Pjo= 30 em HyO, allow PaCO; to rise slowly
Consider other mades of venfilaiory support

'

Repeat ABG I

|
Sa0y = 95% or
F‘I:?lC'g'-'-‘ 80 mm Hg

Decrease Fioy by 0.1 decrements to 0.4 and/or
decrense PEEP by 3-5 em HzO to 8 em Hz0 [or
consider ARDSnet PEEP/Fioy ladder)

Wean from ventilator as tolerated

|
200, <= 88% or
PaC9 <55 mm Hyg

SaO, 88%-95% or
Paly; 55-80 mm Hg

L

Increase PEEP by 3-5 em H3O increments to
maximum of 25 em HzO and/eor increase Fios by
0.1 increments te 1.0

Repeat assessment of plateau pressure and ABG

Maintain ventilator settings
Continue pulse oximetry;
repeat ABG in 4-8 h or
as clinically indicated

5a097 remains < 88% or
PaOs; remains < 55 mm Hg

Consider prone pasition; increase sedation and/or
paralysis

Accept PaCOy; rise; occept pH decrease to 7.15 or
lower; accept 5005 = B5%

erri's Clinical Advisor 2014
red F. Ferri



“Bilhete do Pneumologista”:

TABLE 90-3. Ventilation Protocol Used in
the Acute Respiratory Distress Syndrome
Network Study

A e e e e R R R R
Parameter Protocol

Mode of ventilation Volume assist-control

Tidal volume =6 mL/kg predicted body weight”

Plateau pressure =30 cm H,O

Frequency 6-35 breaths/min, titrated for pH
7.30-7.45

[:E ratio l:1Tto1:3

Oxygenation goal Pao; 55-80 mm Hg, or Sp0,; 88%-95%

F10./PEEP (cm H0) 0.3/5, 0.4/5, 0.4/8, 0.5/8, 0.5/10,

combinations allowed 0.6/10, 0.7/10, 0.7/12, 0.7/14,

0.8/14, 0.9/14, 0.9/16, 0.9/18,
1.0/18, 1.0/20, 1.0/22, 1.0/2

Weaning By pressure support, reguired when

F10,/PEEP < 0.4/8 CHAPTER 90
ACUTE RESPIRATORY

DISTRESS SYNDROME

Warren L. Lee, MD, PhD, FRCP(C) « Arthur S. Slutsky, MD




Duvidas

* Fracao de espaco morto esta associado a
mortalidade

— Como vou reduzir espaco morto?

* Qual o nivel ideal de PEEP?
— O que usar para chegar na PPEP ideal?

PVM



Estratégias diferenciadas

Correct DLT position



Case 2: patient with severe ARDS in a
supine position with 2-L water bags in front
of the chest bilaterally.

Case 1: patient with severe ARDS in a supine
position with a 2-kg weight iron bar in front of
the chest bilaterally. Saturation started
improving within 1 hour of chest wall
compression

Supine chest compression: alternative to prone ventilation in acute respiratory distress syndrome

American Journal of Emergency Medicit{e, 2014-05-01, Volume 32, Issue 5, Pages 489.e5-489.e6
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“Bilhete do Pneumologista”: Saber “sair do protocolo”

The New England
Journal of Medicine

@ Copyright, 2000, by the Massachuserts Medical Sociery

VOLUME 342 May 4, 2000 NUMBER 138

VENTILATION WITH LOWER TIDAL VOLUMES AS COMPARED WITH
TRADITIONAL TIDAL VOLUMES FOR ACUTE LUNG INJURY
AND THE ACUTE RESPIRATORY DISTRESS SYNDROME

THe AcuTe RespPiraToRY DISTRESS SyNDROME METWORK®




O que eu posso fazer

VM protetora — ARDS net
BUSCAR A PEEP IDEAL

— Melhorar P/F sem aumentar dano: EM alveolar, DC, volutrauma.
— Gradiente PaCO2-PETCO2
— Capnografia volumetrica

Nao deixar atelectasiar e recrutar
Diminuir espaco morto anatomico
Superficializacao intermitente da sedacao
Nutricao

Suporte hemodinamico adequado

PVM



O que eu posso fazer

Zone of volutrauma
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O que eu posso fazer
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shunt
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