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NOI DUNG

1. Nhac lai co hoc phdi
2. Céac dang ton thwong phdi thd may
3. Phong ngtra ton thwong phdi théd may



Phwong trinh chuyén dong
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Equation of motion for the respiratory system

Pient + Pmuscies = Elastance x volume + resistance x flow

P Pient=Pres T P =RXF+VXE

mus vent res



Phwong trinh chuyén déng
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Thanh phan ap lwc cua 1 nhip thé

Passive Conditions
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Ton thwong phoi thé may
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Ann Transl Med 2017;5(14):286




Ton thwong khi ap




Ton thwong khi ap

Radiographic signs of

barotrauma:

(1) visible visceral pleural line,

(2) deep sulcus sign,

(3) radiolucency localized to
the upper abdomen,

(4) inverted hemidiaphragm,

(5) air-fluid level,

(6) mediastinal shift,

(7) subpleural air cyst,

(8) interstitial emphysema,

(9) complete diaphragm sign,

(10)pneumomediastinum




Ton thwong phoi do thé may

A Ventilation at low lung volume

Atelectrauma Lung inhomogeneity

B Ventilation at high lung volume

Hyperinflation } v
A :

Overdistention

TON THUONG XEP PHOI
Xep phéi do rdi loan surfactant,
dé ép bdi vung phdi phu viém.
Lwc xé manh nhat xay ra tai ving
tiép giap phdi xep va théng khi

TON THUONG THE TiCH
(cang phoi déng)

Thé tich cai dat vuot qua thé

tich chirc nang phdi (phdi em

bé)

khac

TON THUONG SINH HOC
Tén thwong co hoc khadi phat dap ng sinh hoc, kich hoat dong thac
cytokine tro’ viém = tén thwong cac ving phdi lanh va cac co quan




Ton thu’o’ng do xep phoi

Ban dau xep phé nang -> thanh phan dng viém. Ving phoi
mat huy dong phé nang sé géy,tén thwong té bao biéu mo
va mat toan ven Iép te bao biéu mo.

Duggan M. Anesthesiology 2005



M6 hinh Mead, ton thwong xep phoi

=V phdi n&/phdi xep = 10/1

i > A 4
Volume x ~ R4z ~
mL) - ~ Ik Ap luc xuyén phdi tac dung 1&n
vung phdi théng khi = 30 cmH,0
Total lung - - < > . R 2. .. R
capacity e Thi, ap lwc xuyén phoéi tac dung Ién
A ~ A vung tiép giap sé 1a 30 x 4.64 # 139
" I > v cmH,O
~ [l Totally collapsed units
Fung:’ionlall B High stress
residual 2500 — = _
capacity [ Intermediate stress
_ ] Low stress

Vi nhu md phdi khdng ddng nhat, lwc nén (stress) va su
bién dang (strain) phan bd khdng déu gitra cac vung phoi

Ann Transl Med 2017; 5(14): 286




Ton thwong do lwe xé
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ARDS: “phoi em bé”

Phbi em bé, ving
phdi con théng khi

\Vung phdi xep

Gasless

compartment

\Vung phdi déng
dac

~_ -

= \/ung phdi c6 chirc nang (thédng khi): kich thwdc twong

dwong em bé 5-6 tudi (300-500g md phdi)
= Phdi cang nhé, nguy co’ ton thwong thd may cang Ién

= Phdi cang nhé, kha nang huy ddng cang Ién
Intensive Care Med (2005); 31: 776-784



(A) Vung phdi xep
(B) Vung phdi cdng qua murc
(C)Vung phdi dan qua muc




Luwec nén (stress) va su bién dang (strain)

Lwc nén (stress)
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Weibel 1986; Gattinoni 2003



Lwe nén (stress) va sw bién dang
(strain)

= Lwc nén (stress): 4p suat phat sinh bén trong gay ra lwc
n® phdi. Lwc n® phdi twong &ng véi ap lwec xuyén phdi
(transpulmonary pressure)
= Stress = transpulmonary pressure = Paw-Ppl

= Sw bién dang (strain) nhu md phdi 1a ti I& dung tich phdi
n& so v&i dung tich phdi nghi tinh trong chu ky hd hap
» Total Strain=(Vt + Vpep)/FRC
= Bién dang tinh: Static strain=Vpz-x/FRC

= Bién dang déng: Dynamic strain=Vt/FRC

Current Opinion in Critical Care (2012), 18(1), 42-47



D6 dan hoi dac hiéu phoi

Stress (PL)=K(specific lung elastance) x strain(dV/V0)

= [wrc nén va sw bién dang twong quan tuyén tinh

= K# 13 cmH,0 (& ngudi)

= P dan hoi dac hiéu nhu md phdi chinh 1a lwc nén (ap luc
xuyén phdi) can thiét dé 1am phdi né gap 2 1an so véi dung
tich nghi tinh

= P dan hoi dac hiéu nay twong tw gitva bénh nhan cé phdi
binh thwd'ng va bénh nhan ARDS

Current Opinion in Critical Care (2012), 18(1), 42-47



Cai dat Vt va ton thwong phoi

\

high volume VILI from

high pressure ; .
gh p *Overdistension

/

VILI from
" Opening-

/

Closing

low volume
low pressure

Can phoi hop Vt va PEEP cai dét sao cho V phoi khong qué 1én
(chan thwong thé tich) va khéng qua nho (chan thwong xep phoi)




Ap Iwc xuyén phoi (stress)

A Normal spontaneously breathing
person, at end inspiration

Palv=0cm H,O

Ppl=-8cm H,0

Ptp=0- (-8) =+8 cm H,0

B Normal anesthetized, paralyzed
patient on mechanical ventilation,
at end inspiration

Palv=9cm HO

Ppl=1cmH,O

Ptp=9-1=+8cmH0

C Patient with stiff chest wall, on
mechanical ventilation, at end
inspiration

Palv=30cm H,O

Ppl=25cmH.O

Ptp=30-25=+5cmH,0

Transpul pressure = alveolar pressure — pleural pressure

= L& 4p lwc tac ddng trwe tiép vao nhu mé phdi

= Loai bé anh huwdng cua thanh nguc

N Engl J Med 2013;369:2126-36




Ap Iwc xuyén phoi (stress)

D Trumpet player while playing a note E Patient with marked respiratory distress, on noninvasive
ventilation, at end inspiration
Palv =150 cm H,0 L Palv=10cm H,O [
Ppl =140 cm H.O
Ppl=-15cm H,O
Ptp =150 - 140 = +10 cm H,O Ptp =10 - (-15) =+25 cm H,0

BN tw th&, ap lwc mang phdi co thé am, ap lwc do dac trén

may th& khong phan anh chinh xac lwc nén (stress) thwc

sw 1én nhu mé phdi

N Engl J Med 2013;369:2126-36



Ton thwong sinh hoc

Biologic alterations ( Physiological abnormalities
Increased concentrations of: -
Hydroxyproline I ed physiological
Transforming growth factor- SBRCPIRONe
dead space

Interleukin-8

Release of mediators:
Tumor necrosis factor a (TNF-a)
B-catenin
Interleukin-6 (IL-6)
Interleukin-18 (IL-18)

Recruitment of: ~ (%

Pulmonary alveolar macrophages (PAMs) o
Neutrophils

Decreased compliance

Decreased Pao,
Increased Paco,

Activation of epithelium
and endothelium

Systemic effects

5%

Translocation of:

o
o <
; )
Lipopolysaccharides (LPS) Multiorgan
Bacteria ; S o [ W o J == | dysfunction
J . (e.g., increased apoptosis) Ty

Various mediators y

Ventilator-induced lung injury. NEJM 2013;369, 2126-2136




Co’ ché kich hoat phan trng viém

Pathogenesis of VILI

End-Expiration O
— o)

Extreme Stress/Strain Tidal Foroes Moderate Stress/Strain

(Transpulmonary o & N
and Microvascular
Pressures)
Rupture l I Signaling I
v Epithelal &
= ————a—————— Endothelial Cells
— Accommodate Their
Surtaces

Mochano\séallng via
integrins, cytoskeleton, ion channels

—

InﬂammM cascade

—

il

Cellular Infiltration and Full-
Blown Inflammation

< Gilobal stress/strain reduced by lowering Trans-Pulmonary Pressure (TPP)
« Local stress/strain less it TPP is more homogeneously applied (prone position)
<« Local stress/strain reduced if PEEP "keeps open”
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Ton thwong mach mau gay phu phoi

T CO, Ppa, P a or
s - venous resistance
T Lung volume} *
' S T Intramural
l ¢—> | Pinterstitial Breaslirs
T Microvascular T Vascular rosiotancol L T Transmural l
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Ton thwong da co’ quan

MECHANICAL VENTILATION

Hyperinflation

Blood gas
disturbances
. Pulmonary * Puimonary

vascular =% hypertension
compliance * RV dysfunction, ; BNP

« Venous congestion
l:.es;::ratory gnd . Reserve volume

- ragrr,:(nc___’ ,Exercise capacity
dyslur:ccttilon 1 Abdominal pressure

\

Neurohormonal activation
(RAAS, sympathetic, ADH)
| ANP

+ RENAL BLOOD FLOW
. PERFUSION PRESSURE

+ RENAL RESISTIVE INDEX

= Hypoxic \

vasoconstriction Impaired gas
= Left/Right exchange
shunting

+ Circulating IL-6, b 1 Alveoiar-capillary
PAI-1, sTNFR-1and Il permeability

CELL INFILTRATION/APOPTOSIS
ENDOTHELIAL DYSFUNCTION

MICROVASCULAR
DYSREGULATION




Ergo trauma, ton thwong cong niang
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Phong ngura VILI (1)

Preventive Strategy

Implementation

VILI Mechanisms®

Limit tidal volume

Scaled to healthy lung size®**?
(<8 mL/kg PBW) or functional
baby lung size.?>® Scaling to
functional lung size may be
ideal, but strategy not yet well
defined

¢ Prevent tidal overdistension
(volutrauma)

e Decrease cyclic and end-
inspiratory stress (barotrauma)

¢ Minimize shear forces via
smaller-volume inflation of
aerated alveoli adjacent to
flooded/atelectatic alveoli

¢ Prevent tidal recruitment of ate-
lectatic alveoli (atelectrauma)

Limit inspiratory pressure

Limit airway plateau pressure,’
airway driving pressure,”'*' or
transpulmonary driving
pressure.”>“®% Limiting
transpulmonary driving pressure
may be ideal, but strategy not
yet well defined

Identical mechanisms as with
limiting tidal volume




Phong ngtra VILI (2)

PEEP PEEP-FiO, table,**** maximal static  Increase aerated functional baby
stress (Express),* esophageal lung size to prevent tidal over-
pressure guided,® highest distension (volutrauma)
respiratory system compliance,”® o Maintain transpulmonary pres-
lower inflection point of sure higher than closing pressure
pressure-volume curve.’ to prevent tidal collapse during

Mechanics-based approach to expiration (atelectrauma)
PEEP may be ideal, but optimal e Improve lung homogeneity to
strategy not yet well defined decrease shear strain
o Decrease pulmonary blood flow
to attenuate capillary stress

failure
Prone positioning In severe ARDS, prone at least 16 h e Improve lung homogeneity to
daily.® No clinical data to decrease shear strain
suggest efficacy as rescue e Increase aerated ARDS baby lung

therapy size (volutrauma)




Phong ngura VILI (3)

Limit respiratory rate Adjust to maintain minimum o Limit stress frequency, reducing
allowable pH or maximum exposure to volutrauma, baro-
allowable Paco,.” May require  trauma, atelectrauma, and cyclic
deep sedation, neuromuscular  strain
blockade, or extracorporeal CO, o Unclear net effect of resultant
removal. Not proven in clinical ~ hypercapnia
trial vs high-rate strategy

Limit spontaneous respiratory In severe ARDS, increased o Limit inspiratory effort to pre-
effort sedation + neuromuscular vent occult high tidal volumes
blockade” from breath stacking

o Limit forced expiration to pre-
vent cyclic derecruitment
(atelectrauma)




TKNS cai thién oxy hoa mau
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Am | Respir Crit Care Med Vol 188, Iss. 11, pp 1286-1293, Dec 1, 2013




Gia thuyeét cua Gattinoni

Su twong thich vé cau truc gitta nhu mé phdi (dang non) va
thanh ngwc (dang tru) cé tac dung kéo gidn phé nang vung
trwdc nguc

Tac ddng dé xep do trong Iwc lam giam thé tich phé nang vung
phu thudc (tim c6 xu hwéng dé vao thuy dwdi phoi trai)

Hién twong kém gian n& ving phu thudc lam giam thé tich phé
nang vung phu thuéc

Nam nglra, cac tdc ddng nay cé xu hwéng bd tro nhau, két
qué 1a vung phdi trwdc ngue bi cang gian (tang strain) va vung
phoi phia lwng gidm thé tich (xep)

Nam sap, cac tac dong nay co xu hwdng triét tiéu nhau, két
quéd 1a vung phdi trwdc ngwe (vung phu thudc) khdng bi gidn
qua murc, va vung phdi phia lwng (ving khéng phu thudc) dan
ra vira phai

Am | Respir Crit Care Med Vol 188, Iss. 11, pp 1286-1293, Dec 1, 2013



TKNS dong bd hoa thong khi phoi
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* Binh thwong: thdéng khi
vung khong phu thudc
nhiéu hon (gas/tissue cao)
va thap hon & vung phu
thudc (gasftissue thap)

= Lat sap: thong khi vung
khéng phu thudc giam di
(gas/tissue giam) va théng
kni vung phu thudc tang
hon (gas/tissue tang)

= Két qua: tao ra sw dong
bo trong thdong khi gitra
vung phu thudéc va khong
phu thudc




TOM LAl

= Thé may gay rat nhiéu tdn thwong cho ngudi bénh

= Nhirng tdn thwong chinh bao gém: tén thuwong khi
ap, ton thwong thé tich, tdn thuwong xep phéi, ton
thwong céng nang, ton thwong sinh hoc va tén
thwong da co quan

= Gidm Vt va thong khi nam sap 1a 2 bién phap dwoc
chirng minh giam t& vong

= Cai may thd s&m khi co thé 1a chién lwoc phu hop



