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BAI VIET MANG TiNH CHAT CHIA SE KIEN THU'C - KHONG THUONG MAI HOA DUGI MOI HINH THU'C

“Then the LORD God formed man of dust from the ground, and breathed into his nostrils the
breath of life; and man became a living being”

Genesis 2:7. Bible
“Va roi Pirc Chlia Troi tao ra nguoi dan éng tir bui dat, va théi vao mili anh ta hoi thé cua sw

song; Va tir dé ngueoi dan éng dy tré thanh mét sinh linh”

Séang thé ky 2 dong tha 7. Kinh thanh
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A. So lwgc Ve oxygen :

Oxy hay Oxygen la mot nguyén t6 hoa hoc nam thir 8 trong bang tuan hoan héa hoc cia Dmitri
Ivanovich Mendeleev — mot nha hoa hoc vi dai ngudi Nga. Oxygen cd s6 nguy@n ti 1 8, khoi
lugng phéan tir ~ 16 ¢ nhiét do dun séi 1a 90.20 d6 K hay -1820C do d6 trong moi truong binh
thudng, oxy ton tai hau hét & trang thai khi dioxygen hay O2. Ngoai ra, 02 1a mét khi rat it tan
trong moi truong long, d tan — solubility — s caa n6 chi ¢6 0.0013 mmol/mmHg/dL ¢ 370C.

Oxygen chinh la nguyén t6 pho bién thu 3 trong vil tru sau ]

hydrogen va helium. N6 cau thanh 21% bau khi quyén, hon

50% trong lwong vo trai dat, hon 90% khéi lugng nuéc va

hon 2/3 khéi lugng co thé con ngudi. Oxygen ton tai trong 0

hau hét céc phan tir thiét yéu cho sy song con nguoi nhur

protein, carbonhydrate, m& va ca c4c ciu triic nhu xuong,

rang. Hon hét, oxygen con dong vai tro cuc ky quan trong OX}’ gen
trong qué trinh san sinh nang lugng té bao ATP bang cach

hién dién nhu chat nhan electron cudi cling trong phan @ng

di hoa chuyén niang lugng hoa hoc tir dinh dudng (glucose,

acid amin, ... ) thanh ATP tai ti thé. 15.9994

o Figure 1. Oxygen
Vay oxygen dwoc tim ra nhu the nao ?

Vao gitra cac nam 1771 — 1772, mét nha duoc si nguoi Thuy
Dién tén Carl Wilhelm Scheele di tim ra oxy nho vao hang
loat thi nghiém vai thay ngén oxit — mercury oxide va kali
nitrat — potassium nitrate. Khi dun nong ca 2 tha, 6ng nhan
thay su san sinh ra caa mot chat khi khéng mui, khéng mau,
khong vi nhung lai khién cho ngon nén chay dit doi hon. Tuy
nhién, dng lai khong cong bd phat kién ciia minh dé rdi vao
nam 1775, Joseph Priestley — mot nha Iy thuyét hoa hoc
ngudi anh dd cong b trude va dugc ghi nhé nhu ngudi chinh
thac phat hién ra khi oxygen — mot khi ma 6ng goi 1a “khi da
thanh loc phlogiston” hay “Dephlogisticated air”.

Dé hiéu duoc vi sao Joseph Priestley goi oxygen 1a nhu thé.
SR, Ta phai tim hiéq lai ly thuyét phlogiston (Phlogiston theory)
Figure 2. Carl Wilhelm Scheele (1746 — 1786) hay “Thuyét chat chay”. Gia thuyét nay dugc dé nghi boi

Johann Joachim Becher — mot nha gia kim, bac si ngudi Buc
vao ndm 1667 va phat trién rong réi boi nguoi hoc trd yéu quy caa 6ng Georg Ernst Stahl — mot
nha hoa hoc, triét gia va bac si ngudi Dic nham giai thich hién twong chay n va ri sét hay duoc
biét ¢én ngay nay nhu qua trinh oxy hoa — Oxidation.

Theo Thuyét Phlogiston, moi vét chat cé thé chay nd, ri sét quanh ta déu mang trong chiing mot
chat gay chay duoc goi 1 Phlogiston. Qua trinh chay that ra 1a sy giai phong céac phlogiston vao
khong khi, cac phlogiston nay sau d6 dwoc hap thy bai thyc vat va ton tai & d6 dén khi cac thuc
vat nay bi dbt chay. Qua trinh hd hiap mang ban chat 1a su dao thai cac phlogiston ra khoi co thé
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con ngudi va thai vao khong khi gay 6 nhiém
khong khi. Khdng khi c6 kha ning hap thu
phlogiston dén mot mirc nhat dinh, sau khi dat
ngudng d6 chung s& bdo hoa vé phlogiston va
' khong nhan thém do d6 khong duy tri sy chay. Day
la cach Georg Ernst Stahl giai thich cho hién tugng
dé mot cay nén dbt chay trong mot binh kin, qua 1
thoi gian nén s& tu tat. Thuyét phlogiston vé ban
chat da din ta qué trinh oxi héa cac chit va cho ra
duoc dinh nghia vé 2 tha khi : “khi ban” —
phlogisticated air va “khi da thanh loc” —
dephlogisticated air. Gia thuyét nay thanh cong dén
Figure 3. Joseph Priestley (1722 - 1804) ndi, né dugc lan truyén rong réi trong gisi hoc
thuat thoi d6 va ton tai hon 100 nam, 1a diém tya dé
cac nha gia kim, hoa hoc va triét hoc giai thich vé hién twong oxi hoa va ca viéc tim ra cac chat
khi m&i nhu 02, N2 (Daniel Rutherford 1772). Tir gia thuyét nay, vao nam 1775, Joseph
Priestley sau khi dun nong bot thity ngan oxide da thu duoc mot chat khi ma theo ong, da dugc
thanh loc “Dephlogisticated air” sau khi truyén hét phlogiston vao thiy ngan oxide.

Phuong trinh cua thi nghiém noi tiéng do 1a :

2HgO (r) => (to) 2Hg (I) + 02 (K) (Link video
https://www.youtube.com/watch?v=YlalDuXm6A)

F |
';_Jg O{a) “

£
Sau khi dun néng HgO va thu dugc O2, 6ng da miéu ta khi nay nhu sau :

“The feeling of it to my lungs was not sensibly different from that of common air; but | fancied
that my breast felt peculiarly light and easy for some time afterwards. Who can tell but that, in
time, this pure air may become a fashionable article in luxury. Hitherto only two mice and
myself have had the privilege of breathing it.” - Joseph Priestley (1775)

Luoc dich :

“Cam giac cua n6 khi di vao phoi khdng khac gi may so véi khong khi thuong, nhung sau d6 vai
gidy, t6i thich thd khi nhan ra rang nguc minh cam thay dic biét nhe nhang va thoai mai. Ai biét
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dugc, dong khong khi thuan khiét nay c6 thé tro thanh mét tha vui xa xi. Cho dén nay, chi c6 toi
va 2 chl chudt nay duoc dic quyén thuong thire nd” - Joseph Priestley (1775)

Figure 4. Antoine Laurent de Lavoisier
(1743 - 1794)

References :

V4o cubi nhitng nam 80s, trén nhitng con dudng tap nap cua New
York va Berlin, cac 6ng oxi duoc phuc vu cho ngudi dan véi gia
10$ cho 5 pht hit the, huong thu loai “Khong khi thuan khiét”
nay.

Ciing vao thoi gian do, sau khi bac bo Thuyét Phlogiston, Antoine
Laurent de Lavoisier mdt nha hoa hoc g danh nguoi Phap da
dat tén cho dong khi thuan khiét — Dephlogisticated air kia 1a
Oxygen vai mot sy nham 1an nho nho khi nghi rang oxygen la
mot chat khi ludn cang thiét cho cac phan tng tao acid (Oxy =
acid, gen = generation hay tao ra). Ttr d6 oxygen chinh thirc dugc
sir dung cho dén ngay nay.

1. C Grainge MRCP : Breath of life The Evolution of oxygen therapy. J R Soc Med

2004;97:489-493

2. John E Heffner MD : The Story of Oxygen. Respir Care 2013;58(1):18-30

w

https://en.wikipedia.org/wiki/Phlogiston_theory

4. https://education.jlab.org/itselemental/ele008.html

BS TRUYEN THIEN TAN TRi TAI THAN TANG n


https://en.wikipedia.org/wiki/Phlogiston_theory

BAI VIET MANG TiNH CHAT CHIA SE KIEN THU'C - KHONG THUONG MAI HOA DUGI MOI HINH THU'C

B. Sw ho hap ciia té bao - Ton thwong té bao do thiéu oxygen :

I. Sw h6 hap ciia té bao :

Nhu da dé cap & chuong trudce, oxygen dong vai tro séng con ddi véi su ton tai va phat trién cua
sinh vat. P4i voi co thé con ngudi, tat ca hoat dong séng dugc thuc hién va duy tri bang cach su
dung ATP (Adenosine TriPhosphate hay Dong tién ning luong). ATP duoc san xuat chii yéu
thdng qua qué trinh di hda, chuyén doi cac nang luong hoa hoc trong dudng chat véi sy tham gia
clia oxy. D6 chinh 13 qua trinh ho hip cua té bao hay Cell respiration.

Vé mit hoa hoc, cell respiration 1a qua trinh phan giai duong voi sy c6 mit cia oxygen (Aerobic
respiration) dé tao ra 32 ATP (& 2 GTP) cho mdi phan tir glucose. Phuong trinh co ban nhu sau :

C6H1206 + 602 + 30Pi + 30ADP + 30H =>6 CO2 + 32ATP + 36H20 + 2GTP (1)
V6i mdi phuong trinh tao ATP tiéu tén 7.3 kcal/mol
ADP + Pi => ATP (AG = 7.3 kcal/mol) (2)

Chemical energy
(high-energy
electrons)

GLYCOLYSIS

Gl Pyruvic
[T acid

Mitochondrion

Cristae

ATPs ATPs ATPs

Figure 5. Qud trinh hé hép té€ bao va cdc vj tri ché tao ATP

Vé ban chét thi qué trinh hd hap té bao 13 mot qua trinh chuyén ddi niang lugng héa hoc ton tai
dudi dang cac lién két hda hoc trong cac phan tir chat dinh dudng nhu dudng, ma, acid amin. ..
thanh nang lwong du trix trong lién két gitta ADP va Pi hay photphat hiru co (HPO4 2-). Qué
trinh nay twong tu nhu su chuyén doi nang lugng xay ra trong cc piston xe may khi ching sir
dung cac nhién liéu dé tao ning luong co hoc gilp xe di chuyén. Tuy nhién, d6i véi té bao thi
qué trinh nay dat duoc mot hiéu suit cuc cao, chuyén hoa dén 90% ning lugng chira trong 1
phén tir glucose chir khong lang phi nhu cac dong co binh thuong (I&ng phi nhiét nang ... ) nho
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vao cac dic diém nhu phéan cat qua trinh hd hap thanh nhiéu giai doan nho dwgc van dong nho
cac chat mang nang luong trung gian nhu NADH, FADH2, dung tong ning lugng tao thanh mot
lyc tong hop (PMF) dé san xuét nhiéu ATP. Qua trinh nay duoc md ta dua trén 2 khai niém co
ban gdm Chemiosmosis — hoa tham va Proton Motive Force (PMF) hay luc thic day proton.
Chung duoc phat hién va cong bd bai Peter Mitchell va chinh né ciing dem lai cho 6ng giai
Nobel Y hoc nam 1973.

Qua trinh nay duoc dién ra tai bao twong va ti thé, bao quan st dung O2 bac nhét co thé dé tao ra
ATP thong qua cac giai doan :

1. Phan giai duong — Glycolysis

2. Chu trinh Krebs — Krebs cycle

3. Chudi van chuyén electron — Electron transport chain (Co ban cua thuyét Chemiosmosis)
4. Tao ATP — ATP synthesis (Thong qua proton motive force)

Energy Cytosol
SOUTGE Mitechondrion \
/ Stage | Stage I Stage lll Stage IV :

Chemical ——— Lipid or Substrate — NADH — Electron — Proton- —» ATP
boend sugar oxidation FADH, transpart motive

{in glycolysis {citric acid cycle) (electron farce

glucnsaﬁpvruuam:l “\ carriars) 0, H,0 (H* gradiant}
CO, ATPI(GTF}
ATP NADH
——_—_, LIS oy ATP

Figure 6. Téng quan 4 budc cta qud trinh hé hdp té bao

a. Qua trinh dwong phan — Glycolysis :

La qué trinh dién ra trong bao twong té bao — cytosol nham bién ddi 1 phan tir glucose gém 6
carbon thanh 2 phan tir pyruvate gom 3 carbon va 2 phan tir ATP théng qua mot chudi cac phan
ing hda hoc mét chiéu I1an 2 chiéu. Chang duoc diéu hda mot cach gat gao nhd vao cac phuong
trinh mét chiéu vai AG 16n cho chiéu nguoc lai va phuong thic tc ché/kich hoat dj 1ap thé -
Allosteric inhibition/activation.

Trong hinh 7, ta thiy 1& duoc qua trinh tac dong cac enzyme day chuyén cac phan tng chuyén
d6i, cac budc 1,3,10 1a nhitng phan tmg don chiéu, giup diéu hoa va kiém soat toc do cua chudi
phan g nay. Ngoai ra, chudi phan (ng sé tiéu ton 1 ATP nam & 2 phan @ng s6 1,3, tao ra 2
ATP cho mdi phan wng s6 7,10 va tao ra 2 NADH ¢ phan ung s6 6. Nhu thé phuong trinh hoa
hoc tdm gon toan bo chudi phan tng sé la

C6H1206 => 2 C3H402 (Pyruvat) + 4 H (+) + 4 ¢e(-) (3)

Sau d6 tat ca 4 electron giau ning lwong nay s& quy tu clng véi 2 H(+) trong 2 phan tir NADH,
mot phan tir van chuyén ning luong trung gian — Energy carrier intermediate :

2H (+) +4e(-) + 2 NAD (+) => 2 NADH (4)

Nhu vay téng két toan bo giai doan | caa qua trinh hd hap té bao 1a phuong trinh sau

BS TRUYEN THIEN TAN TRi TAI THAN TANG u



BAI VIET MANG TiNH CHAT CHIA SE KIEN THU'C - KHONG THUONG MAI
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C6H1206 + 2 NAD (+) + 2 ADP + 2 Pi => 2 C3H402 + 2

Ngoai ra, khi té bao thiéu oxy, glucose s& khong duoc
chuyén hoa theo con duong hiéu khi nhu thé ndy ma s&
chuyén hoa theo con duong hd hip ky khi (anaerobic
respiration) véi su hinh thanh chi 2 phan tir ATP cho moi
phan tir glucose va acid lactic, gy toan hoa méi truong
noi, ngoai bao.

b. Chu trinh Kreb — Kreb cycle :
Sau khi dugc hinh thanh tai bao twong, 2 phan tir pyruvate

s& xuyeén truc tiép qua mang ngoai ti thé dén mang trong

va dugc van chuyén vao trong ti thé nhd cac transporter —

protein van chuyén xuyén mang. Ti thé 1a mot bao quan

c6 cau trac rat dac biét gom 16p
mang lipid kép, mot c6 do tham

NADH + 2 ATP (5)

Glucose
Hexokinass ATP
ADP
H
Glucose 6-phosphate K
HO

Phosphoglucose
isomerase

Fructose 6-phosphate

[

Fructose 1,6-bisphosphate

~hosphofructo-
kinass-1

)Q
H

siéu cuong (mang ngoai) va mot ’ "“"E”%
cuc ky khong tham (mang trong). W — ¢
Céc pyruvate sau khi duoc van ) phosphate Glyceraldehyde
YN I ST £ Dihydroxyacetone ol ]
chuyeén vao trong ti thé sé lién ket phosphate = 3-phosphate
vGi Coenzyme A hay CoA dé tao (2 molecules )
ra phan tir Acetyle — CoA, thanh 0 Giygeraidshyd ||~ 2 NAD® + 2 P,
phan chu chét bat dau chu trinh dehyrogenase |[> 2 NADH + 2 H*
Kreb EHans Kreb ‘da\t giai Nobe! Y \ 1,3-Bisphosphoglycerate
hoc nam 1953 nho tim ra chu trinh nay) (2 molecules)
A
Chu trinh Kreb hay con goi la chu trinh acid citric 1a mot Phosphoglycerate ||~ (2 ADP
N b A P r. N - N X kinase
vong tron gom 9 phan tng vai nhiém vu chinh la chuyén > 2 ATP
doi phan tar Acetyle CoA thanh CO2 va thong qua do tao 3-Phosphoglycerate

ra 3 phén tir NADH, 1 phan t& FADH2 va 1 phan ta GTP
(Guanosine TriPhosphate)
Ciing nhu NADH, FADH2 ¢ day cling dong vai tro 1a mét

Mitochondria Structural Features chat van chuyén
electron nang lugng
cao. Chang s€ tham
gia chudi van chuyén
electron — electron
transport chain trong
giai doan III dé tao
ra dong nang luong
thic day qué trinh
tao ATP trong giai
doan IV hay Proton
motive force.

Outer
Membrane

Figure 7.

Figure 1

(2 molecules)

A

Fhosphoglycero-
mutase

¥
2-Phosphoglycerate

(2 molecules)
A

Enolase

:?-2 H,0

Phosphoenolpyruvate
(2 molecules)

2 ADP
2 ATP

Fyruvate
kinasa

Pyruvate
(2 molecules)

Glycolysis
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Duter mitochondrial membrane (permeable to metabolites)

itric acid 2c0, 2co,

cycle

FADH,

3 NADH Mitochondrial matrix

Stage IV ATP % :ATF‘
ADP ADP

~ 1 +  Transporters

2 +2H +30,— H,0 P, P

——Nao - eerNADH N ===

shuttle Fumarate H,Q LET

Figure 8. Téng qua 4 giai doan hé hdp té bao
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Acetyl Col |
MADH + HY  COO™ HSCoA CH,
=0 HO—C—COO0™ H,0
_ NaD® L & |
':lrm éHz Htrane J: : I
G a0— synthase a0~
" H Oxaloacetate Citrate :E“"” ]
H, malate ae
o~ dehydrogenase é
Malate
Elumamu
H;O coo™

&
u

€00 socitrate H—I—mu‘

I dehydrogenase CH, dehydrogenase
- 2 HO—C—H
coo COO™  a-ketoglutarate é 4 |
Fumarate él-l dehydrogenase I H, 00~
il B c=0 . lsocitrate
CH NAD
P 00~
FADH, {i_SCDA nADt  o-Keto-
0 +HSCoA TWAMate CO, + NADH + H'
Suecinyl
GTP + HSCoA Cof O, +NADH + HY
Figure 9. Téng quan chu trinh Kreb
C0, Molecules NAD" Molecules FAD Molecules
Reaction Produced Reduced to NADH  Reduced to FADH, ATP (or GTP)
1 glucose molecule to 2 pyruvate molecules 0 2 0 2
2 pyruvates to 2 aceryl CoA molecules 2 2 0 0
2 acetyl CoA to 4 CO; molecules 4 [ 2 2
Total [ 10 2 4

Table 1. Tém tdt cdc phdn tir két qud cha qud trinh hé hép sau giai doan 11

¢. Chudi van chuyén electron va sw hinh thanh ciia Proton motive force :

Nhu di dé cap & trén, sau giai doan 11, hau hét ning luong cua 1 phan tir glucose da duoc chuyén
Va0 trong cac phan tir van chuyén electron cao nang trung gian nhu NADH va FADH2. Vi cac
phan tir trén qua trinh oxy hoa ching s€ giai phdng mot nang luong Ion :

NADH + H () + 1/202 => NAD (+) + H20 v&i AG = -52.6 kcal/mol
FADH2 + 1/202 => FAD + H20 véi AG = - 43.4 kcal/mol

Qua giai doan 11, 1 phan tir glucose véi tong nang luong = 686 kcal/mol da tao ra 10 NADH + 2
FADH2 véi tong ning lugng 1a 613 keal/mol va 2 phan tir ATP (7 kcal/mol) + 2 phan tir GTP.
Nhu thé hiéu suat st dung ning luong dat trén 90%, qua wu viét So V6i cac dong co nhan tao.
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Cau hoi dat ra hién tai 1a cac phan tr NADH, FADH?2 sé& bién d6i nhu thé nao dé chuyén noi
ning ctia ching sang viéc tong hop cac ATP ? Cau tra 16i nam trong khai niém chudi van chuyén
electron. Dé hiéu rd hon, truéc khi phan tich dén electron transport chain, ta can hiéu so qua co
ché van hanh cua protein ATP synthase hay protein tong hop ATP. Pay la mot protein xuyén
mang véi co ché dung ning luong caa 3 proton H+ khi ching di chuyén tir khoang gian mang
(intermembrane space) cua ti thé vao trong mang trong (internal membrane) theo chiéu nong do

dé tao 1 phan tir ATP. Nhu thé ban
Low pH

Radiant W MW chat viéc tong hop ATP la chuyén
energy < q . L.
(light) I = — nangxlu(yng cua i:ac pro_ton kh! di
= €neg,, , electric chuyén theo chiéu gradient thanh
B i+ potential  pang lugng lién két héa hoc gitra
High ~ N . A X A
i L NG ADP va 1 Pi => ATP. Vay vin dé
electric = 5 N 15 A 1A A
Elinene ol dat ra 1a lam nhu thé nao dé tao 1

{ (chiorophyll) ' gradient hay khuynh d¢ khién proton
FADH, ADP4+P, ATP H+ di chuyén tir khoang gian mang
\ I vao trong ti thé ?

\ Catabolism

~ o 2 Nhu da biét, céc ion di chuyén qua
. Cytosolic face Membrane mang té bao phu thudc co ban vao 2
Chemical e - impermeable . g . P X ’ .
bor;)dshmd Exoplasmic face s to H* loai gradient gom concentration
carbohydrates § . A A A
and lipids Synthesis gradient — khuyl‘lh fi(.) nong dq (hay
of ATP su chénh léch vé nong do khién ion
Figure 10. ATP synthase va 2 logi khuynh dé di chuyén tir not ¢o néng d6 cao

sang noi c6 nong do thap) va
electrical gradient — khuynh d6 dién thé (hay su chénh léch vé dién thé mang khién céc ion
duong di chuyén vao mang c6 ion am va ngugc lai).

Vay, néu van hanh ATP synthase 12 nhiém vuy cia giai doan IV thi giai doan 111 ¢6 trach nhiém
phai hoan thanh duoc 2 gradient noi trén. VVa téi day la vai tro cua electron transport chain hay
chudi van chuyén electron. Chling gom 4 phtic hop protein xuyén mang duoc ky hiéu | => IV,
Ching c6 tac dung chi yéu Ia tan dung ning luong cua céc electron cao ning nam trong céc lién
két phan tir NADH, FADH2 dé kich hoat cac bom proton H+ khién H+ duoc bom tir trong mang
trong ti thé ra khoang gian mang. Tir d6 tao su chénh léch vé nong do H+, ngoai mang trong —
khoang gian mang >> trong ti thé - Concentration gradient hay khuynh d6 nong d6. Bong thoi
khi van chuyén 1 proton ra khoi mang trong ti thé thi mang trong ti thé s& am hoéa, chinh dién tich
Am nay s& tao nén mot khuynh @6 vé dién thé. Chiing hut cac proton mang dién tich dwong hay
H+ vao té bao. Thong qua 2 gradient trén, protein ATP synthase s& hoat dong va két qua tao nén
cac ATP.
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Toan bd qua trinh trén duoc pH electrode

phat hién va chirng minh 0, added

thdng qua mot thi nghiém 0, solution P

duoc thuc hién vao thap nién '%

70s cua thé ky 20 béi Peter B wl

Mitchell. Ong cho cc ti thé 5 g

vao trong mot dung dich - = |

khong 02, do pH dung dich P .' %1 -

do va quan sat sy thay doi pH =~ Ne @: - 2

khi éng cho O2 vao dung - " 1 | J | 1 |

dich. Khi d6 nong do H+ /\_/ 0 60 120 180 240 300
Mitochondrion Elapsed time (s)

ngoai ti thé tang cao mot
cach nhanh chong, sau @6 dan dan giam theo thoi gian.

TABLE 12-84 Electron-Carrying Prosthetic Groups in Chudi van Chuyén electron gém 4 phitrc hop
protein dugc ké tén trong Table 2. Ching c6

the Electron-Transport Chain

Protein Component Prosthetic Groups® | cac ngudng nang lugng hoat dong khac nhau
NADH-CoQ reductase FMN nhu phic hop LII > IIT > IV do d6 khien
{complex [) Fe-s electron di chuyén theo 1 chiéu nhat dinh tir |
?uccinim]t;rq reductase ?‘n? => |1l => IV néu electron tach xuat tur
ciom X g =t by A J4
? NADH va Il => 11l => IV néu electron d6

CoC)H;—cytochrome ¢ reductase Heme by Xué't phét tir FADH2
{complex I} Heme by '

Fe-5

Heme ¢,
Cytochrome ¢ Heme ¢ Table 2. Phdn logi 4 phtrc hop protein trong electron
Cytochrome ¢ oxidase (complex ['V) Cut transport chain

Heme a

Cubh'

\_ Heme a4 Y,

Két qua cua qué trinh nay 1a su di chuyén cua electron cao ning lan lugt qua cac phuc hop
protein va khi qua mdi phuc hop do, electron sé& bi mat 1 lugng niang luong dé van hanh cac bom
H(+) nam trong céc protein nay. Vi 2 NADH thi s& van chuyén duoc 20 proton H (+) ra khoang
gian mang, 2 FADH2 s& van chuyén duoc 12 H (+).
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(a) From NADH @ {b) From succinate

Intermembrane space
(exoplasmic) 2H*
4 H*

Cytosolic

Matrix 2 H
(cytosolic) 2 1 : ; 2H
NADH NAD*sH* Succinate Fumarate + 2 H'
NADH-CoQ reductase CoQHz~cytochrome ¢ Cytochrome ¢ oxid: Succi CoQ red Complex Il
(complex 1) reductase (complex IH) (complex IV) (complex Il)

Figure 11. Electron transport chain - Chudi van chuyén electron

?eefl;miﬂn potential Fla:naaargﬂ CU6i Cﬂng, SaU khi Cung Cé,p l’lﬁl’lg lu’Q’ng ChO
m (kcalfmo . 7. ~. 2
~e phuc hop protein cuoi cua chuoi van chuyén
MNADH-CoQ reductase 3 ’ N o
~400  (complexI) electron la phirc hop 1V thi cap electron cao
N nang ciing can Kiét nang luong va ching sé
7 Fumersto+ 240 4 két hop vai 1 phén tir O2 + 4 H(+) dé tao 2
oo e S phan tir H20. Thay doi mirc ning luong
H) X Ty, swenmecsa electron cao ning duogc thé hién rd nhat
e 2 s redwemefeomaiell 1o trong Figure 12.
o= \»____*coﬂ———j
. l Nhu vay, chinh nho chudi van chuyén
'":) Rols _ clectron ma trong giai doan 11, cac proton
200 e CoOH,-ontochrome H(+) ¢6 the di ra ngoai i thé va tao nén 2
_ gradient gom gradient nong d6 va gradient
Cus dién thé.
400 - l 1=
F Tuy nhién, ta khong thé khéng nhac dén vai
Hin \ Y . N s o2
) l tro dac biét cua cau tric mang trong ti thé.
a0 " (&%) 1o Chlng gin nhu khong thdm véi bét ky ion
eytochrome ¢ axidase l nao. Chinh dac tinh nay gitp ching phan lap
(complex ) 7;& 2 moi truong véi nong do va dién the khac
a0l wosizne me o nhau ngodi va trong ti thé. Néu khong c6
hau ng trong ti theé. Néu khong

chidng thi tit ca nd luc cua chudi van chuyén
electron la vo nghia vi cac ion s€ r0 ri (leak)
Xuy&n mang va tan can bang nong do cing nhu dién thé. Trong thuc nghiém, cac nha héa hoc cé
thé do dugc ndng d6 K (+) trong/ngoai ti thé tir d6 ta c6 thé tinh toan duoc dién thé mang té bao
va gradient dién thé theo phuong trinh Nernst :

[Kin]

E1=-159log (Kout] = —59log500 = —160mV

Figure 12. Sw thay déi cta electron cao ndng
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Qua viéc do chénh 1éch pH trong/ngoai ti thé, ta c6 thé udc luong dugc gradient nong do H (+)
theo cong thirc :

RT
E2 = —TxApH= —60 mV

Véi R 13 hiang s6 1.987 cal/(d6.mol), T 1 nhiét d6 (d6 K), F 1a hang sé Faraday.

Nhu thé tong 2 gradient ndng do + dién thé chinh 1a PMF hay lyc thuc day proton hay 14 ning
lwong khién proton H (+) s& di chuyén tir ngoai vao trong ti thé thdng qua protein ATP synthase
dé rdi chinh protein nay s& chuyén doi nang lugng nay thanh niang lugng nam trong lién két hoa
hoc giita ADP + Pi hay chinh 14 Bong tién ning luong ATP.

E1+E2= —-160 — 60 = =220 mV

Bacterium
= PMF (Proton motive force) . .
Fo =SN o
d. Tong hop ATP : Fi -
Pugc mo ta vao nam 1961 bai Peter Mitchell, nhung i
sur ton tai cia ATP synthase da c6 tir khi trai dét bit Plasma — ”“"”\%p >
dau c6 su song. Tu cac sinh vat don bao dén da bao . d

tién hoa nhat, ATP synthase d4 luon ton tai va van s&

tiép tuc sat ménh ciia minh. Khong bét ngo khi co ché Em—

hoat dong tao ATP cua vi khuan, thuc vat va dong vat Ousc R e e oyt
(trong d6 c6 con nguoi) 1a trong tu nhau. ATP N\ E
synthase hoat dong nho vao proton H (+) di chuyén ¥ J Ve
thuan chiéu gradient (ndng do + dién thé) va tao nén d & e B
phan tir ATP. Chinh sy dong b nay ciing gop phan \ . ' 0, H:0 NAD/
khang dinh thém ngudn géc cua ti thé dugc gidi thich — mer /-~ —=""_
trong thuyet nhap bao hay Endosymbiont hypothesis.

Matrix

ATP synthase 1a mot phtic hop da protein gom 2

phan chinh 12 FO (phan nam trong mang ti thé) va F1  ouer I S Dt
(canh tay trong ti thé cua protein). Céch thirc van - ::_'j‘z'_(\.fim cvoma
hanh cia ATP synthase dugc md ta nhu Figure 14. y ;/NZBE:H’O £? NaoeH \2/\
Céc proton (+) khi di vao ti thé theo gradient thong (/ / : Y B \' \
qua phan FO nam trén mang ti thé, tir d6 khién cac N 3:8;—?" I Aoy )
protein trong phtic hop thay doi cau hinh khéng gian \\\ BV
dan dén viéc phan F1 phosphor hoa e \~\-~.-jf‘jj‘_—_‘§§:_--»~’/
(phosphorylation) ADP + Pi tao thanh ATP. Thuc T

nghiém chimg minh dugc 1 proton H (+) khi di vao ti thé qua ATP synthase sé& cho ra 1 ning

Figure 13. ATP synthase
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(a)

Matrix
(cytosolic)

lwong 1a 5.1 kcal/mol, nhu thé phai co
it nhat 2 proton H (+) di vao méi du
nang luong tong hop 1 ATP (7.1
kcal/mol). Tuy nhién, do thuc té ning
lwong s& that thoat thdng qua qué trinh
thay doi cau hinh khong gian ca phirc
hop ATP synthase nén ta sé can dén 3
proton H (+) di vao dé tao nén 1 ATP.
Cuébi cuing, théng qua qua trinh nay, 1
glucose sé tao dugc khoang 28 ATP,
két hop voi 4 ATP trude d6 trong giai
doan I (2 ATP), giai doan Il (2 ATP)
thi 1 glucose sé tao nén khoang 32
ATP +2 GTP.

Intermembrane
ace
‘s:xnnlag.mlc\ Proton bound
Figure 14. C4u truc phdn ti ATP synthase. sharge
(https://www.youtube.com/watch?v=3y1dO4nNaKY)
+ + +
H H* H H* H* H
+
H* pump H H* H* wt H'
in the electron 4 H* w
transport system
sibes rotor H* H*

(Fo domain)

W ADP+P

H+
energy
from electron u* ATP .
transport chain catalytic head
(F1 domain)

Figure 15. Qud trinh van hanh ATP synthase
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I1. Ton thwong té bao do thiéu oxygen — Hypoxia cell injury :
“Oxygen lack not only stops the machine but wreck the machinery”

John Scott Haldane (1860 — 1936)

Nhu bac si J.S Haldane — cha d¢ cua liéu phap thd oxy tieng noi
“Thiéu oxygen khong chi lam ngung c¢d may hoat déng ma con pha
hay n6”. Khi té bao thiéu oxi, né khéng chi don gian ngung cac hoat
dong va trg vé trang thai nga yéu — hibernating ma con bi hay hoai —
chét néu tinh trang thiéu oxi kéo dai. V& co ban, nhu di phén tich &
phan 1, oxygen Ia cuc ky thiét yéu cho qua trinh san xuit ATP,
ngudn ning lwong chinh yéu caa té bao sdng thi hién nhién tinh
trang thiéu oxygen sé& gay thiéu ATP va gay ra céc ton thuong tir kha
hoi — reversible dén khdng kha hoi — irreversible va té nhat 1a chét té
bao. Tinh trang thiéu oxi té bao duoc goi 1a hypoxia, dugc gy ra bai
nhiéu nguyén nhan gém ischemia (giam tudi mau - nhdi mau),
anemia (thiéu mau), hypoxemia (giam oxi mau), ngo doc CO, séc ...

a. Cac ton thwong kha hoi — Reversible cell injury :

V& co ban, bao quan dau tién nhan ra sy thiéu hut oxi trong té bao 1a ti thé. Khong cé oxi, s&
khong c6 phan tir nhan electron va toan bo chudi van chuyén electron sé ngung tré gay tic nghén
con dudng hé hap té bao hiéu khi va sut giam ATP. Céc ton thuong trong giai doan dau tién gom

R&i loan chirc ning cac bom Na+/K+ ATPase, ddy la cac protein dung nhiéu ATP bac nhat té
bao, chling 1am viéc lién tuc nham duy tri gradient ndng do cac ion Na+ va K+ qua mang té bao.
Khi sb lugng ATP sut giam, cac bom nay s& khdng thé hoat dong va tir d6 dan dén su tich liy
Na+ va H20 noi bao, that thoat K+ ra ngoai bao. Chinh su rdi loan di chuyén va phan bé céc
dong ion nay khién té bao rdi loan ca vé cau tric (té bao phinh to ra) 1an chirc nang (rbi loan dién
thé mang => khdng tai cuc/khu cuc).

Phinh té bao duoc quan sat véi dic trung ton tai cac bong nudc — vacuole trong bao twong va cac
chd phinh — bulging/bleb mang té bao. Hién tugng nay cho thay su pha hay cua cau tric khung
xuong té bao — cytoskeleton khién té bao khdng thé giir dugc hinh dang binh thudng. Khéng chi
c4c té bao bi phinh to ma cic bao quan ciing phinh va mat chirc nang. Dién hinh 1a Ludi noi md
hat — Rough Endoplastic Reticulum (RER). Cac RER phinh to gay bong troc cac ribosome bam
trén ching khién qué trinh tdng hop protein bi gian doan. Phinh to ti thé khién cac ciu tric mang
lipid kép bi phé& v, tir d6 dan dén ti thé mét chie nang.

Khi ho hip té bao khong thé thuc hién qua con duong hiéu khi, cac phan tir glucose s& tham gia
con dudng ki khi — anaerobic respiration véi san pham chi c6 2 ATP va acid lactic. Chinh sy tich
lity acid lactic s& gay giam pH noi bao va dan dén rdi loan ciu triic — denaturing hoac pha hay —
destroy cac protein va enzyme.

Tat ca tinh trang tén thuong trén déu c6 thé hdi phuc néu kip thoi cung cap oxygen cho mé, té
bao. Tuy nhién thoi gian chiu dung cua tirng loai mé, té bao 1a khac nhau. Pién hinh nhu mé néo
chi chiu dugc tir 2 — 4 phat thiéu oxi, mé co tim 5 — 10p, md than 10 — 20p, mé co 2h...
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Cell Injury

. Phospholipid membrane
R Lysosomal rupture damage

blebbing

Normal cell Endoplasmic reticulum

swelling

=

i
Reversible injury Irreversible injury = i %

Mitochondrial

swelling 1 Mitochondrial

permeability Nuclear changes can result in

Cellular swelling

Nudiear chromatin ® Pyknosis (condensation) or @

clumping © Karyorrhexis (fragmentation) or .:."a;.

® Karyolysis (nuclear pallor)

© Lineage Moises Dominguez

Figure 16. Cdc giai doan tén thuong té bao do thiéu oxygen

b. Céc tén thwong khong thé hoi phuc — Irreversible cell injury — Cell death :

Néu tinh trang thiéu oxi trén khong duoc cai thién thi cc ton thuong té bao sé& dién tién t6i giai
doan khong thé hdi phuc. DAu hiéu dau tién va 1a diém khong thé quay dau — Point of no return
chinh 13 tén thuong mang té bao gay v, rd ri mang té bao khién calci ngoai bao 6 at tran vao noi
bao. DONg calci nay sé& 1am ting calci ndi bao va gay ra vo sb ton thuong khong hdi phuc nhu :

Kich hoat cac enzyme nhu protease (gay hity cytoskeleton — khung xuong té bao), endonuclease
tiéu huy cdc DNA, phospholipase gay pha hiy cac mang bao quan khac nhu lysosome lam
phéng thich cac lysozyme tiéu hay té bao.

Ngoai ra, dong calci con calci hoa, ton thuong mang ti thé gay that thoat cytochrome ¢ ra bao
trong ma dy chinh 1a mot trong c&c phan tir chu chét kich hoat con duong tu hiy — chét té bao
hay Apoptosis

References :

1. Harvey Lodish : Chapter 12 Cellular Energetics. Molecular Cell Biology 8™ Edition
2016. p513 — 583

2. Arthur S. Schneider, Philip A. Szanto : Hypoxic cell injury. BRS Pathology 5™ Edition
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Osmosis : https://www.youtube.com/watch?v=JcGKDDVk5AQ

Dr John Campbell : https://www.youtube.com/watch?v=08jh2p6EP4Q
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C. So lwgc ve qua trinh van chuyen oxy den ti the - Sw hé hap

Sy hd hap — Respiration mang ban chit 14 qué trinh trao ddi va van chuyén Oxygen tir moi
truong bén ngoai dén té bao hay cu thé hon 1a ti thé ciing nhu thu thap va dao thai CO2 san pham
ctia qua trinh ho hap tai t& bao ra méi truong bén ngoai.

Pé thuc hién chirc nang trén mot cach hiéu qua nhat, hé hd hap cia con ngudi duoc thiét ké véi

cac dac diém co ban nhu sau :

1. Mot may bom hut/day khdng khi va mét hé théng cac 6ng dan

Mét hé théng tuan hoan

AR N

cap cu thé trong chuong 5

muscles

5

8 Control centers
g in medulla~—_"_
= 1 Motor output

g -4 |t0 respiratory

%

w

Pulmonary

diffusion

Intemal convection
A

Tissue diffusion
A

Figure 17. Téng quan hé théng hé hdp

Mot dién tich trao di rong Ién
Kha ning van chuyén 02 va CO2 trong mau

Co ché diéu hoa thong khi/tudi mau khu tri/toan than (than kinh trung wong) — Pugc dé

I. Tong quan vé cu tao hé hd hap :

Nhu d3 biét, hé hd hap gdm cac thanh phan chinh
la phéi va hé thdng cac dng dan khi. M&i phoi duoc
nam gon trong mang phéi gém 14 thanh — khoang
mang phoi — | tang. T4t ca lai dugc bao boc trong
1ong nguc hinh thanh béi cac xuong suon, cot
séng, xuong tc ciing nhu cac co nira than trén. Moi
phdi lai duoc chia lam cac thuy (phdi phai 3 thay,
phdi trai 2 thiy) phan cach nhau bai céc ranh lién
thay. Tai mdi thily lai dugc phan chia 1am cac ha
phén thuy.

Hé théng dng dan khi cia duong hd hap phan chia
nhu cc canh cdy va nhanh cay. Tong sé thé hé
canh, nhanh dao dong tir 20 — 25 thé hé. Trong do,
ta chia 1am 2 khu vuc chinh 14 dudng ho hap trén
(trén nap thanh mén) va dudng hd hap dudi (dudi
nap thanh mén dén cac phé nang). Tai duong hd
hp dudi lai dugc phan chia thanh cac duong dan
khi — conducting airways va khu vuc hd hap —
respiratory space. Puong dan khi bao gom khi
quan, phé quan chinh, tiéu phé quan tan. Khu vyc
ho hap bt dau tir tiéu phé quan hé hap, dng phé
nang dén céc tdi phé nang. Tung khu vyc déu mang
cac dac tinh khac nhau vé ciu tao thanh ciing nhu
bé mat niém mac.
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Conducting zone
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[ -
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columnar epithelium
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Smooth muscle

e e
———
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Figure 18. Bdc trung cdu tao clia Pudng dén khi - I6p sun & khi quén, co tron & thanh tiéu phé qudn

Respiratory zone

Cuboidal
Respiratory cells Club cell Squamous cell
bronchioles - i )
o ple cuboidal and
.e ..a%aeﬁ s l squamous epithelium
_I Smooth muscle
Type | pneumocyte
Alveolar sacs Type Il pneumocyte

Figure 19. Bdc trung cua khu vire hé hdp - tiéu phé quén hé hép va tui phé nang véi cdc phé bao 1,2

Phéi mang dic tinh 13 mot co quan c6 kha ning thay dbi thé tich va ap suat. Bé don gian hda khi
phan tich qué trinh hd hap, ta c6 thé phan chia phéi thanh cac thé tich — volume va dung tich —
capacity khac nhau trong d6 dung tich 1a gdm tong cua hon 2 thé tich.

Ta c6 cac khai niém sau :

1. Thé tich lwu thong = Tidal volume (TV) Ia thé tich phéi hit vao/ths ra khdng géng suc ~
500 ml
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2. Thé tich du trix hit vao = Inspiratory reserve volume (IRV) 1a thé tich phéi c6 thé dat
duogc thém (ngoai thé tich luu thong) trong 1 1an hit hét sirc sau mot lan tho ra khong
gang suc

3. Thé tich du trix tho ra = Expiratory reserve volume (ERV) 1a thé tich phdi c6 thé dat thém
(ngoai thé tich luu thong) trong 1 1an thd ra gang stic sau mot lan hit vao khéng gang sic

4. Thé tich can = Residual volume 1 thé tich phéi ton tai sau khi the hét stc, thé tich nay
g6p phan giir cac phé nang na, chéng xep phoi

5. Dung tich phéi = Total lung capacity (TLC) la tng cua 4 thé tich
6. Dung tich séng = Vital capacity (VC) la tong 3 thé tich = IRV + TV + ERV
7. Dung tich th = Inspiratory capacity la tong TV + IRV
8. Dung tich can chirc nang = Functional residual capacity (FRC) la tong cua ERV + RV
<«— Paper
Liters T """" ; S 1“h
Total
6 lung
capacity Spirometer
Vital IRV SR
B capacity
-4 Y ™™
Tidal <]Pen
n volume
- 2
________________ .
Functional
B residual Residual

Figure 20. Cdc thé tich va dung tich phéi

Ngoai ra con co cac khai niém khac nhu FEV 1 (thé tich thé géng swc trong 1s), PEFR (ty & luu
lugng dinh ky tho ra) ...

Céc thé tich va dung tich trén c6 thé dugc do bang hd hap ky ciing nhu phwong phap dac biét
nhu hoa tan Heli, rira Nitrogen hay do phé than ky.

I1. Qua trinh din Oxygen vao phéi — Sw thong khi :

Thong khi — Ventilation 12 mot dic trung caa phdi khi né thay doi thé tich va ap suét dé tao ra
mot ludng khi di tir ngoai méi truong vao trong co thé (hit) hay nguoc lai (thd). Dé tao duoc su
thay doi nay, phai ton tai 2 luc ddi lap cung tac dong vao phdi gom 1 luc gitip no ting thé
tich/giam &p suat — no ra va 1 lyc gilp né giam thé tich/tang 4p suat — nén lai. 2 luc d6 chinh 1a
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lyc dan hoi ly tdm cua thanh nguc — Outward elastic wall recoil va luc dan héi quy tm caa nhu
mé phdi — Inward elastic lung recoil. Figure 21

A ELASTIC RECOIL OF LUNGS B ELASTIC RECOIL OF CHEST WALL C ELASTIC RECOILS OF LUNGS AND CHEST
WALL IN BALANCE

Figure 21. 2 lwc dan hdi khéng ché sw thay déi vé dung tich va dp sudt phéi
C6 3 loai p suat can luu y trong qua trinh thong khi gom

1. Ap suit khoang mang phdi = Intrapleural pressure — Pip
2. Ap suit phé nang = Alveolar pressure — PA
3. Ap suit xuyén thanh = Transmural pressure — Ptm

Mot qua trinh thong khi binh thudng s& dién ra nhu sau :

Sau khi thé ra binh thuong, thé tich phdi trude ky hit vao nam & vi tri FRC tic thé tich phdi hién
tai 1a tong cua RV + ERV. Figure 22. Khi ndy cé4c &p suat nhu sau Pip = -5 cm H20, PA =0 cm
H20, PTM = PA — Pip = 5 cm H20. D2 thay trong tinh trang tinh — Static cua phdi, ap suat
khién phéi gitr duoc dung tich FRC chinh 12 Ptm hay dé hiéu hon 12 lyc dan hdi ly tam caa thanh
nguc du 16n dé thang lyc dan hdi quy tam caa nhu mé phoi véi chénh léch ap suat 1a 5 cm H20
khién cho phdi khdng xep va giir dugc dung tich FRC.

~—

: Patm=0 °
Intrapleural \
pressure = —5cm H,0 =

Patm =0
Intrapleural
pressure < -5 cm H0
P=>5
PTM =5
Alveolar

Alveolar pressure =0 pressure =—1 cm HO

Figure VIl-1-4. Lung Force Relationships at FRC Figure VIi-1-5 .

Figure 22. Cdc dp sudt phéi sau khi thé ra binh thuwong - tai FRC Figure 23. Ap suéit phéi trong khi hit véo
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Khi hit vao (Figure 23), nho su hoat dong cia cac co hd hap chinh gém co hoanh va gian sudn
thich hop (nhém gian sudn ngoai ¢ lung va nhém gian suwdn trong canh &c) giup 1ong nguc ting
duong kinh truéc sau 13n chiéu cao 1ong nguc. Tt ca diéu d6 gy tang thé tich 16ng nguc dong
thoi khién &p suat trong phé nang giam di (PA = - 1 cm H20) khi d6 PTM > 5 cm H20. D& thy,
néu PA = - 1 cm H20 < Patm = 0 thi chinh su chénh Iéch &p suat nay khién dong khi di chuyén
tir ngoai mdi truong vao trong 1ong nguc (Khi di chuyén tir noi ap suit cao dén noi ap suét thap).
Céc co ho hap tiép tic co, 16ng nguc tiép tuc dn no ting thé tich, &p suat phé nang van duy tri
am va dong khi van tiép tuc tran vao long phé nang cho dén khi cac co hd hip co dén téi da. Khi
do, thé tich phéi dung lai ¢ tdng FRC + TV (hodc + IRV néu ging suc hit hét muc), 1ong cac phé
nang duoc lip day bai khong khi sé ting ap suit phé nang dén khi can bang véi &p suat bén
ngoai tac PA = 0 cm H20. Figure 24.

Nhu thé, ta c6 thé di dén két luan, tinh dong hoc — dynamic cua théng khi — ventilation phu thudc
cha yéu 1a &p suat phé nang PA, khi PA < Patm khi di vao (hit), khi PA > Patm khi thoét ra (tho).
Tai cudi ky hit vao, khi thé tich phoi khong thay doi, PA = 0 cm H20 thi &p suat dong vai tro
quan trong & day lai 1a Ptm = 8 cm H20. D& thay su hop ly trong van dé, khi can duy tri 1 dung
tich phdi FRC thi lrc dan hoi ly tm thanh nguc chi can gay 1 ap suét 16n hon ap suét gay ra bai
lyc dan hdi quy thm nhu md phdi 5 cm H20. Nhung dé duy tri 1 thé tich phdi 16n hon = FRC +
TV (+IRV) thi luc dan hoi ly tim thanh nguc phai tao 1 &p suat lon hon nhiéu, 1én dén 8 cm
H20. Vao thi tho ra, cac co co hdp ngung co, bat dau dan vé vi tri cii, khi d6 16ng nguc giam thé
tich khién phdi giam thé tich — nén phoi gay ting 4p suat trong phé nang PA Ién 1 cm H20. Khi
nay PA > Patm do d6, ludng khi thoat ra ngoai moi truong cho dén khi thé tich phoi khong thay
d6i nira, PA vé 0 cm H20 cham dit 1 chu ky hd hap. Figure 25.

Patm=0 ) Patm =0
\\\ | Intrapleural )
pressure =—8 cm Hz0
s |
‘?\ Pn=8 > \ 4
& / { ‘- -5
: \ | Aweolar ‘\ \
Recoil -8 | pressure =0 { ? |
e / ¢ -8
/€0 ¢/ Pa=+1

Expiration
Figure VII-1-6. Lung Forces at End of Inspiration

Figure 24. Ap sudt phéi cudi thi hit vao Figure 25. Ap suét phéi thi thé ra

Khéi niém d6 chun gidn — Compliance (C) cua phdi : 13 kha nang phdi thay dbi thé tich khi thay
ddi 1 don vi ap suat xuyén thanh (PTM hay khai quat Ién 1a PTP = Transpulmonary pressure).
oA
= aprp
C cang 16n nghia 1a phdi cang dé ting thé tich — né ra duéi tac dong cua cung 1 APTP. Thyc
nghiém cho thiy, C binh thuong cua phdi con ngudi ¢6 gia tri trung binh 13 0.2 L/cm H20.
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5 Ngoai ra C con la két qua twong
dbi gitra man “kéo co” giira 2 luc
dan hoi ly tdm va dan hoi quy
tam. Nhu trong trudng hop phoi
x0 héa, nhu mé — mé k& phoi
i(;’]hlﬁzge ’ mét di lyc dan hdi, ching gan
volume = — nhu co dinh, khién cho phoi rat
from RV ,,——"*('—_-__- kh6 né ra, céc co hit phai gang
(iters) 2 Fibrosis sirc nhiéu dé tang 1 PTP that I6n
mai ¢6 thé tang thé tich phdi 1
VL twong dbi. Nguoc lai 12
truong hop khi phé thang, cac
thanh vach phé nang, nhu md
6 48 410 +20 +30 +40 phéi bi tiéu huy khién lec dan
Transpulmonary pressure (Prp) hoi quy tam suy giam, phdi s& no
(em H,0) hon véi C 16n hon. Nhung van
Figure 26. D3 chun gidén phéi binh thudng va bénh ly dé S8 néy sinh khi thé tich ph6|
ting qua 16n, trc dong — bay khi
khién phoi khdng thé co nén dé thai khi CO2 tir d6 bénh nhan phai ding co hé hap phu dé ging
siec tho, tong khi ra ngoai.

Emphysema

2.5cm H,©@

Néu luc dan hdi ly tim duoc tao ra tir thanh nguc va su co cc co ho hép thi luc dan hoi quy tam
duoc tao ra tir cac mo lién két trong khoang md ké - interstitial space va nhu md phéi. Trong d6

B FLAT AIR-WATER INTERFACE nhu mé phdi dong vai trd quyét dinh bai trong
b P [T i o
molecules upward, the mobocules that remain at ¢
) e pursce develep oppesing | surface tension. Nguyén nhan gay ra n chinh la
77—\ 7*\\\7 . do su lién két gitra cép phan tir nudc vai nhau,
s *é,__, < = ~  ching tao mot luc nhiam kéo céac phan tir nudc
= trén bé mat chim xudng day gay hau qua la giam

dién tich bé mat t6i da. Figure 27. Trong phoi,
long cac phé nang chira day dich, sirc cing bé
mat khién cho téng dién tich 1ong phé nang giam
di, gay giam ban kinh phé nang va tang ap suat
phé nang theo dinh luat Laplace :

Figure 27. Strc cdng bé mdt

P=2
_r_()

Chinh hién tuong nay khién khi trong phé nang nho tran qua cac phé nang 16n c6 ap suat thap
hon dan dén hién twong phé nang nhé cang nho, phé nang Ién cang lon.
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Low pressure High pressure
270 dynes /cm) P.= 200 dyrwes/cm)
: 0.010 cm ’ 0.005 cm

= 14,000 dynes /om? = 28,000 dynes/cm’

= Maon HO % 28 om H,O
Romove
clamp
Pt

According to Laplace’s
S aw, twioe as much
pressure ks needed to keep
_the small bubble inflated

| The small bubible
T empties into the large

bubble

Figure 28. Anh hwéng cda strc céng thanh T 1én ép sudt phé nang P va thé tich phé nang V

Khi nay, vai tro cua surfactant, mot
hop chat lipid ché tiét bai phé bao 11
tré nén quan trong. Surfactant [a mot  Air
phan tir gdm 2 déau : 1 dau Ky nudéc
va 1 dau va nudce. Khi hoa vao trong
dung dich, ching s& ton tai trén bé
mat dung dich gidp giam mat do
nudc tai bé mit, cling nhu han ché
cac lién nudc Hydro gitra cac phén tir

Surfactant reduces surface | | Because the hydrophobic
tension by decreasing tail pulls the surfactant
density of water molecules| | molecule upward, the

at air-water interface, resultant vector is minimal.

Surfactant \ ‘

ey
-, , o A e N n - 5 (s
nudc lam giam stc cing bé mat va tir . t »
L4 < P - ’ A - )T-o 4
do }(hac phuc hién tuong tang ap suat *ﬁ’ & E— 7 z
phé nang. 7y > & B0
P A ' );(‘.
e ® o :\

Trong mot qua trinh thdng khi (hit — tha), nhu da phén tich & trén, co thé khong chi can gay ra
mot cong dé gitr phdi ¢ thé tich nhat dinh (thanh phan tinh) ma con gy ra mot cong dé tao chénh
léch ap suat khién ludng khi vao — ra co thé (thanh phan dong). Ap dung dinh luat Culomb vao
trong théng khi, ta co :

oy~ AP _PA=PB
ow= Raw ~ Raw ®)

Pressure Trong d6, Flow 1a luu lugng dong khi
I Drop P, luu thong (L/s), AP 1a chénh léch ap

................... P=F \7 suit phé nang — khi quyén, PA 1a ap
Volume = 4t phé _
_’F T k suat phé nang — alveolar pressure, PB

fowrate™ == I __|L_. ladpsuétkhi quyen — Barometric
Resista 8nL pressure, Raw la khang luc duong dan
| toflow J\, =—73 khi — airway resistance.
L a

BS TRUYEN THIEN TAN TRi TAI THAN TANG



BAI VIET MANG TiNH CHAT CHIA SE KIEN THU'C - KHONG THUONG MAI HOA DUGI MOI HINH THU'C

Nhu thé ta nhan thay néu chénh léch &p suét cang Ién thi Flow cang 16n, nguoc lai néu Raw cang
I6n thi Flow cang nho. Ta c6 thé ap dung c6ng thac Poiseuille trong tinh toan Raw :

8ul
mTrt

Raw = (4)

V6i p 1a @6 nhét dong chay, | 1a téng chiéu dai, r 1a ban kinh duong dan khi. Trong théng khi, p
va | gan nhu khong tic dong dang ké dén Raw. Do do, ta chi can tap trung vao r — ban kinh
duong dan khi. Thuc nghiém cho thiy Raw tinh toan duoc la tong khang luc cac duong dan khi
I6n/nho ¢6 gia tri trung binh 1a 1.5 cmH20/(L/s), trong d6 duong dan khi 16n gay ra phan 1on cac
khang luc con véi ngudi binh thudng, duong dan khi nho rat it tao khang luc. Tuy nhién trong
c4c bénh ly hd hap, duong dan khi nho cé thé gia ting khang luc dic biét cao nhu trong COPD.

Pharynx-larynx | 0.6 | 0.6
Airways > 2 mm diameter | 0.6 | 0.9
Airways < 2 mm diameter | 0.3 | 35

Table 3. Khdng luc dirng dan khi & nguai binh thudng va bénh nhdn COPD

Thuc té, Raw chi 12 mot dai lwong ta dung dé wdc tinh téng khang luc phéi, né chi chiém khoang
80%. 20% con lai chinh la khang luc mo — tissue resistance hay la luc ma sat khi cac mé co,
xuong ... trong/trén 10ng nguc di chuyén, truot 1&n nhau trong qua trinh hd hap.

Pé dé dang hon trong viéc phan tich 2 thanh phan dong — tinh cua qua trinh thdng khi, ta s& bién
d6i cong thic tinh toan Ptm. Ta co

Ptm = PA — Pip <> Pip = PA + (—Ptm)

Nhu vay, Pip hay ap suat khoang mang phoi dugc cau tao tir 2 4p suét 1a PA va — Ptm lan luot
dai dién cho cong dong va cong tinh ciia 1 chu ky hd hap.

Static Dynamic Dé minh hoa thyc té cho sy khai niém nay, hay
vomgonant chmRonat tuong twong dén Thanh Cat Tu Han, khi 6ng
Total | _ | Overcomes , | Overcomes dan quan Mong Co6 tién danh khap lyc dia A —
effort elastic forces resistance and inertia ~ A . e X A n .z n
Au. Ong vura phai ton quan xam chiém (céng
e I e dong) va sau khi chiém dugc dng phai ton mot
Pe = P + PA co sO quan dé tran gitr (cong tinh) nhirng vung
v dat ma 6ng chiém dugc. Néu 1 km2 can 100
+0.5 __S'°P§= /R quan, thi vgi 1000 quan 6ng chi chiém duoc 10
Change vy Uy km2, sau d(’)réng khéng du quan (‘cf)ng ) dé tiep
g ~——+—pa tuc xam chiém ving dat khac. Biéu nay tuong
volume ¢ - A ALK A we A 1A
(lters) - T tu vai cong hod hap gay ra boi cac co ho hap,
ST S khi dat d&én 1 thé tich nhét dinh, chiing s& khong
Inspiration | Expiration

Figure 29. Cdc thanh phdn mét cong hé hép da nang Iuong de tiep tuc co do d6 ching ta
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- Change m
o\ ung volume
Pas0O \ AV, (litees)

Too

Figure 30. Cdc db thi dién té thay déi dai lugng dong - tinh

khong bao gio dat dugc
thong khi toan bo thé tich
phdi (TLC). Phan tich sy
thay d6i c4c thanh phan
trén trong 1 chu ky ho hap,
ta s& sir dung 4 do thi
trong Figure 30.

Do thi A, cho thay su thay
d6i cua thé tich phdi -
AVL (truc tung) theo thoi
gian (truc hoanh). Theo do6
tai thoi diém a, dung tich
phéi trudc khi ho hap 1
FRC (3.2L). Khi nay phdi
¢ trang thai tinh. Sau khi
bat dau hit vao, thé tich
phdi ting dan dat ¢én b
(trang thai dong) va két
thic tai ¢ véi tong thé tich
phdi hién tai = FRC + TV
=3.2L + 0.5L = 3.7L. Tai
¢, phoi lai tré vé trang thai
tinh. Sau d6 khi bat dau
tho ra, thé tich phoi giam
dan dén d (trang thai
dong) va cudi cung vé a
trang thai tinh ban dau.

Nhu vay su chénh Iéch thé tich dinh ¢ 1 day a chinh 1a VT = Tidal volume.

Twong tu, voi dd thi B cho thay su thay d6i — Ptm theo chu ky hd hap. Tai a Ptm = 5 cm H20
(hay- Ptm = -5 cm H20), khi hit vao do thé tich phéi ting nén Ptm phai ting theo (b) dé giit phoi
& thé tich d6, Ptm dat dinh tai ¢ va giam dan dén d rdi vé a ban dau. Nhu vay ta thay ré mdi
twong quan giita 2 d0 thi A va B, chung dong bién, néu ta d6i xung qua truc tung dé c6 Ptm tir d6
thi B (- Ptm). Tuong quan cua ching chinh 12 minh chang rd nhét cho thanh phan tinh cua thong
khi phoi thong qua dd thi Static véi trung tung 1a AVL va truc hoanh 1a Ptm.

Phén tich 2 d6 thi C va D hoan toan twong tu, v&i d6 thi C biéu dién sy thay doi 4p suat phé nang
PA va D biéu dién Flow theo chu ky ho hap. Ta thiy duogc 2 do thi nay hoan toan cé hinh dang
nhu nhau. Tai diém a khi phéi & trang thai tinh, ching déu c6 gia tri bang 0 va khi bat dau ho
hap, khi phéi tang thé tich (46 thi A) thi PA giam va tir d6 Flow bét dau xuat hién (quy uéc Flow
vao phdi 12 &m, ra phdi 1a duong). Cudi thi hit vao, khi phdi khong thay doi thé tich tai ¢ thi PA
c0 gia tri 0 khi d6 Flow cling tuwong ty 0 I/s. Thi tho ra hoan toan twong tu, khi PA > 0 thi Flow
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khi ra ngoai xuat hién. Dua vao sy dong bo cua 2 gié tri, ta vé duoc d6 thi Dynamic, ¢ thé méi

quan hé tuyén tinh cua 2 dai lugng nay véi hé s6 goc ~ [1].

Qua phan tich 4 6 thi trén, ta da chimg minh dwoc céc thanh phan chinh cia cong dong — tinh

trong 1 chu ky ho hap.

Tiép theo, khong phai moi ludng khi di vao co thé ciing déu toi phé nang dé duoc tan dung trao
ddi khi. Khoang 30% trong s6 thé tich khi di vao (VT) bi that thoat do hién twong khoang chét —

Deadspace.

Total Deadspace = Anatomic + Alveolar + Mechanical

+ J“a + =)

A= i H:"-d;f-.!
Anatomic Alveolar Mechanical
Deadspace: Deadspace: Deadspace:

Figure 31. Cdc loai khodng chét

Deadspace dugc dinh nghia la
khoang thé tich khi vao phoi
nhung khong dugce trao doi
02/C02.

C6 3 loai khoang chét co ban
gom khoang chét giai phau, phé
nang, co hoc

Khoang chét sinh ly —

Physiological deadspace 1 tong cuia khoang chét giai phau va phé nang.

PDS = ADS + ALDS

Vi ADS — Anatomy deadspace la thé tich khi nam & nhiing ving khdng c6 phé nang = duong
dan khi, chiing c6 tong thé tich ~150 ml. Trong khi d6 ALDS — Alveolar deadspace la thé tich

100,
VA 80 — -
Unit volume 60

Base Middle  Apex
Location in lung

C INTRAPLEURAL PRESSURES

Absolute
pressures:

Relative

pressures: D STATIC PRESSURE-VOLUME DIAGRAM

mm Hg cm H,0
Barometric [760 0 Barometric
pressure |

(753 1< Regional
Z volume

unit mass

For the same
change in Ppp, the
AV (ventilation) is
greater at the base
than apex

-10 -20 -30
Pe
(em H,0)

khi t6i dugc nhitng phé nang
nhung cac phé nang nay lai
khong dugc tudi mau do do
chaing van khong duoc st dung
dé trao doi khi. Con khoang chét
co hoc — mechanical deadspace
la khoang khéng khi nam trong
cac thiét bi hd trg hd hap cho
bénh nhan nhu 6ng noi khi quan
+ duong day dan khi.

Mt khac, su thong khi ma ta dé
cap tir dau bai dén gio 1a thong
khi toan bo phoi 1a tong tat ca
thong khi cua hing ha cac phé
nang trong phéi. Cac phé nang
nay khac nhau vé thé tich, vé
phan bd, vé vi tri cling nhu thoi
gian dan no khién chiing c6 muc
d6 thdng khi khac nhau. Trong
thuc nghiém bang cach cho tho
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Xenon 133 trong 02, ta quan sat duoc muc do thong khi giam dan tir day phoi 1én dinh phoi.
Diéu nay c6 thé duoc giai thich bai 2 nguyén nhan 1a trong luc va tu thé. Khi bénh nhan ¢ tu thé
thang lung (ding/ngdi) thi trong lec s& kéo toan bo phdi xudng day khién cho tai day, ap suat
tuyét d6i cao hon ap suét dinh phoi. Figure 32. Do d6, véi p suat cao nhu thé, cac phé nang tai
day c6 thé tich ¢d hitu rat thap, khién cho trong qué trinh hit vao, ching din ng gay ra 1 AVL 16n
hon cac phé nang ¢ dinh phdi von da nd va co 1 luong khi can I6n, ngan ca khi mai — théng khi
Vao.

I11. Qua trinh din mau téi phoi dé trao ddi khi — Sw twéi mau :

l \ \ Phéi 1a mot co quan dic biét, né nhan dén
2 hé thong mach mau : tuan hoan caa

::LTVOMW S,'t%nr:mal P, s;l,:nonary d6ng mach phdi va dong mach phé quan.
' e Vai trd chu yéu cua hé dong mach phdi la

\ Q\ dwa méau hoi luu tir tuan hoan hé théng
dén phdi dé trao d6i 02/CO2 con hé dong

mach phé quan 1a nudi dudng cac tiéu
phe quan, mo ké phoi.

Pong mach phé quan l1a mot nhanh xuét
phét tir d6ng mach chu, n6 di cung cap
méu nudi phoi va sau d6 d6 vao tinh
mach phé quan rdi vao tinh mach phéi
gay ra hién tugng shunt sinh ly.

Pong mach phoi dan mau tir that phai dén
phdi chia lam dong mach phdi trai — phai
roi cac tiéu dong mach di dén bao quanh
c4c phé nang. Tai day giwdng mao mach
phoi 12 noi dién ra qua trinh trao di khi.
Sau khi duoc cung cip O2 va thai trir
CO2, mau Vvé tinh mach phdi va quay vé
budng tim trai dé chuan bi tbng xuét ra
tuan hoan hé théng.

Tuan hoan phdi — Pulmonary circulation
¢6 cung cung lugng véi cung luong that
trai nhung khang luc cua noé lai thap hon nhiéu so véi khang luc tuan hoan hé théng. Tai day ap
lwc d6ng mach phéi trung binh dao dong 15 — 20 mmHg chi bang 1/6 so véi &p luc tuan hoan hé
théng véi MAP — Mean arterial pressure ~ 95 mmHg. Ngay ca su chénh léch &p luc dé gay ra
dong chay tuan hoan tir phdi dén nhi trai ciing chi von ven 15 — 8 = 7 mmHg trong khi chénh ap
cua tuan hoan hé théng tir d6ng mach cha dén nhi phai 1én dén 95 — 2 = 93 mmHg. Cac dic tinh
nay hoan toan thich hop véi hé théng givong mach méu phéi, 14 noi trao d6i khi nén ching cuc
ky mong manh va dé v, 4p luc dau ngudn va chénh &p thip cho phép mau qua phdi mét cach tir
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PULMONARY CIRCULATION SYSTEMIC CIRCULATION t6n dé khong phé v cau tric mach mau
R Pnrs PR cling nhu du thoi gian trao doi Oxygen.
(mm Hg) (mm Hg) Thuc te, toc d91 hong cau qua giwrong mao
Pulmonary artery | 15 Aot 95 mach phoi trung binh khoang 0.75s nhung
: : V61 nguoi binh thuong 0.25s dau da da gan
Beginning o 12 Beginning 0 35 A
capillary capillary day oxygen.
End of capillary | 9 End of capillary | 15 Nhu da phan tich, phoi 1a mot co quan

“d6ng”, nd co sy thay doi thé tich rat 16n tir

Lt 8 g 3 d6 cac ciu trac bén trong ciing co sy thich

Net driving 15-8=7 | Net driving 95 -2 =93 nghi tuong ty. Vi hé thdng tuan hoan phoi,

i pr=sRite ta ¢ thé chia lam 2 hé thong nho vai dic
Table 4. So sdch 2 hé tudn hoan phdi - chi tinh hoan toan trai ngugc nhau. D6 1a cic

mach mau canh phé nang va cac mach
mau ngoai phe nang. Alveolar blood

A AT END OF INSPIRATION Expanded alveoli encroach
on alveolar vessels

141

vessels va extra alveolar blood vessels. S
b Rative
A , X , intrapleural o~
Véi hé mach mau phé nang, khang luc pressure pulls PA=0 ‘
\ , A N R ot A= N Pw 5 ira- Al
cua chukng pl:]l:l tt‘1u0’c v‘ao thext_lch7 ph0|, va \ “;:;"L'L:wh‘ veokus g
Ptm. Bau thoi ky hit vao, phoi no ra, ap
suat long nguc giam, Ptm kéo dan cac ‘ 4 f
mach mau nay khién chung tang vé
duong kinh, gy giam khang lyc. Cang t * ‘
vé cudi thi hit vao, thé tich phdi tang do | o
khdng khi lap day cac phé nang, thé tich PA
, gA apcriayfacpe, a\g,t,etc Py ~
cac phe nang I6n s€ chen ép vao cac e t
mach mau khién ching xep lai, ngoan Interstitial space N
ngho¢o gy tang khang luc.

Figure 32. 2 hé mach mdu phé nang

Total resistance is sum of

alveolar and extra-alveolar Ngll'Q’C Véi chl]ng la h¢ mach mau ngoai
resistances phé nang. Puong kinh cua chdng cuc ky

; nhay cam vdi Pip, trong thi hit vao Pip &m
nhiéu hon, kéo chung din nd, ting dudng
kinh, giam khang luc va nguoc lai trong ky
tho ra. Ap suat 16ng nguc ting, nén ching
lai gay giam duong kinh va tang khang
luc.

Pulmonary
vascular
resistance

av FRC e Nhuvay, hé mach mau ptléi c6 khang luc
Static lung volume thap nhat tai thoi diém thé tich phoi dat
FRC khi d6 duong biéu dién tong hop
Figure 33. Dao déng khdng lw'c mach mdu phéi khéng luc 2 hé mach mau dat glé. tri nho
nhat. Figure 33
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Mt khéc, khang luc mach mau phdi khong chi don gian dugc diéu hoa boi sy thay doi thé tich
phdi — phé nang, ap lec mang phdi hay ap luc 16ng nguc. N6 duoc diéu hda boi 2 co ché phic
tap hon nhung cuc ky hiru ich trong cac trudng hop gang stc hay bénh ly.

1. Co ché co mach mau phéi khi giam oxi — Hypoxic vasoconstriction. Pay 1a dic diém
mach mau phdi khac biét so vai toan bo hé théng mach mau con lai caa co thé. Khi oxi
tai c4&c mach mau phé nang giam s& khién mach mau phé nang co lai. Hién tuong nay c6
2 gia tri co ban:

a. Han ché mau luu thong téi viing c6 mat do oxi thip dé tranh bat twong hop théng
khi/tudi mau hay — V/Q mismatch.

b. Tang luu thong mau ving giau oxi bang cach ting khang lyc mach mau khu tri
day mau vao nhirng hé mach cé dudng kinh lon, khang lyc thip hon.

c. Co ché hién nay van chua rd, nhung c6 mét sb gia thuyét lién quan dén céc kénh
kali nhay véi oxi. Khi thiéu oxygen, cac kénh K + nay s& bi ic ché, khién dong
leaking K+ giam di, gay khir cuc mang té bao dén ngudng dién thé hoat dong gay
mé kénh Ca2+ nhay cam dién thé - Voltage gated Ca2+ channel. Su hoat dong
cac kénh nay cho phép mét dong Ca2+ Uia vao té bao co tron thanh mach mau gay

co mach.

) 8 | 2. Co ché giam
Rty In the first stage of l.\'rvdunm; RECRUITMENT, | , ,
Somw vesels RECRUITMENT eventhe previously aollapecd khang luc mach mau
are collapsed previoushy collapsed vessels now conduct blood ‘ 5

vemels now bocome | -y g e 0T hoi — Pulmonar
3 \ D oot bioed g \Fiascular resistan?:le
o s \ not conduct blood _»;", Al vessels now
\ 2 ) 2
are open but = | dise o | (PVR) khi co thé trong
nevertheless and previously rosistance to fall L= A
do not conduct | ) [SPeIcannductg r (' = . tinh trang can tang
blood 2 VeSS DOW 00N u;.f‘.(\m - Eurther __/ \ K
Increase in ﬂ \\\ f . Increase in ( \ / cung lumg tim nhll'
\  perfusion WY perfusion Z , .
= P s = ang suc, mang thai
oo | ol Wl P e o e ® o oLy ghal
N ﬂ\L ,4/ \\\J/ % hoac tinh trang bénh ly
X'_‘:L ;<< T = \\ ( > nhu thiéu mau, ting
- / L : £ ) chuyén hoa trong
- -V — - N ) e — \ .7
d otha Moanw hile, DISTENTION ' cuong giap ... Trong
-1\;1\ and | widens vessels that previously co Ché néy’ PVR du-qc

had bewn open and conducting
conduct blood. | ’

giam theo 2 cach :
Figure 34. Hien tuong huy dong 3 Huy dong mao mach phdi — Pulmonary capillary recruitment. Thong thuong phoi
mao mach phor khong sir dung hét tt ca cac mao mach phéi, mot s6 mao mach xep lai khién

khéang lyc ting cao, mau khong théng qua duoc. Tuy nhién khi can tang luu lwong
mau qua phéi, that phai tng mot cung lwgng mau I6n hon binh thudng gay ting
&p luc dong mach phoi, khién méau chay manh hon nhiéu hon lam mé cc mao
mach nay. Tur d6 véi hé théng mao mach mai dugce huy dong, PVR giam dang ké,
tao diéu kién cho dong mau qua phéi dugc nhanh chéng va tbi wu hoa.

b. Gi&n né cac mao mach phdi — Pulmonary capillary distension. Thong thuong khi
khong géng sirc, cac mao mach phdi chiu mot &p luc thuy tinh khong cao khién
chung khdng dan hét mac. Nhung khi ting luu lwong mau qua phéi khién ap luc
thiy tinh — Hydrostatic Pressure — Pho ting cao 1am dan téi da cac mao mach nay.
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Do chun gidn cua cdc mao mach phdi kha Ion do cau trdc thanh mach it chwa cac
mo lién két nhur collagen.... Viéc ddn ng tang duong kinh mao mach phoi khién

PVR giam.
A EFFECT OF PULMONARY ARTERIAL PRESSURE ON 8 EFFECT OF PULMONARY ARTERIAL PRESSURE
VASCULAR RESISTANCE ON BLOOD FLOW Nhu Figure 35,
00020 25|
ta thiy duoc khi
- 20| luu lugng tuan
‘ hoan phoi tang
Pulmonary 8 ~ LA N
dmnuient ” Pulmonasy '° | s& kéo theo viéc
rosistance 0.0010 blood flow o ,
(n:m Hu) (l8ors/men il tang ap llIC
—— | dong mach phoi
0.0005 Normal value N .
‘ : trung binh di
‘/ kém véi viéc
15 17 19 e = giam khang luc
Mean pulmonary antonal prossure . ot S J « , 2.
(mm Hg) Mean pnv-.n{:\r:‘ :'g';m pressure maCh mau phOI

Figure 35. Thay déi cua khdng Iuc phéi/ Flow va PAP

Tuong tu thong khi, su tudi méau phdi ciing chiu anh huang bai trong luc va tu thé. Do dé ciing
ton tai mot sy phan bd khong dong déu trong tuoi mau phdi véi tudi mau giam dan tir day phoi
1én dinh phdi. Bang cach tiém dong vi phong xa Xenon 133 vao tinh mach, ta c6 thé quan sat
dugc mat do xenon cling nhu mat do tuéi mau phoi. Dua trén d6 ta chia phdi 1am 4 vung co ban.

Ving 1: PA > PAP > PPV véi PAP 1a ap luc dong mach phéi, PPV 12 ap lyuc tinh mach phoi.
Pay 1a ving phoi ma &p luc phé nang qua Ion do khi can lap day khién mach mau tai ddy bi chén
ép, khong thé luu théng mau. Tuy nhién day 1 ving phoi gan nhu khong ton tai & nguoi khoe
manh do PAP thudng van da dé duy tri, du chi 12 mot lugng mau it luu thong. Nhung, ddi Véi
cac trudng hop bénh ly gay giam PAP bang cach giam thé tich noi dich (mat nuéc, xuat huyét)
hay tang PA qua mtrc nhu thd may voi thong khi ap luc duong — Positive pressure ventilation,
viing 1 s& xuit hién. Cung phan tich vé cac con sé &p luc cu thé tai viing 1 néu ton tai. Tai vi tri
nhi tréi tirc ngang dong mach phoi, PAP tai day 1a 15 mmHg tuong duong 20 cm H20, PPV ~
mmHg twong duong 10 cm H20. Cang Ién cao ap lyc cang giam, giam 1 cm H20 véi 1 cm cao
hon nhi trai. Nhu vay tai ving 1 ticc dinh phdi ¢6 chiéu cao trung binh 20 cm so véi nhi trai thi
PAP giam tir 20 con 0 cm H20, PPV giam tir 10 dén — 10 cm H20. L4y ap lyc mao mach phoi
tai vung nay la trung binh (PAP + PPV)/2 = - 5 cm H20. Do d6 véi PA =0 cm H20 da du de
bep hé thbng mao mach phdi tai day khién tudi mau ving ndy gan nhu bang 0.

Vung 2 : PAP > PA > PPV. Pay thuong la viing phdi tir dinh phdi téi giita phoi. Tai day PAP da
dua 1on dé chién thang PA khién mach mau dugc luu thong. Tuy nhién do chua dii I6n nén cang
vé cubi doan mao mach ap luc cang giam, du luc cua PAP cang giam khién mao mach chi mg 1
phan dé mau veé tinh mach. Cang di xudng dudi ving 2, PAP cang tang khién duong kinh mao
mach cang ldc cang 16n, khang luc mach mau phoi cang giam. Két hop véi viéc PAP du 1on dé
mé 1 s6 mao mach xep lai cang ting thém tudi mau qua ving phéi ndy (Hién twong recruitment)
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AR VREITEWIAGN WU WL TR AW Zone 1

/

Alvecks
'Ab’"ﬂp" Blood
s

Pru =0 Ppe=~10

om| |~5cm| |-8om
HO | | WO | | Ho

Zone 2
Py > Pa>Ppy

-

Zone 3
P")P~Dpl

Zone 4
Py > Py > Pa %

volume loads 1o bess
mechanical bethering

Figure 36. 4 viing twdi mdu phéi
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Ving 3 : PAP > PPV > PA. Pay thuong 13 viing phdi tir gitta phdi dén day phoi. Pic trung ving
phdi nay 1a PAP va PPV déu du lén do d6 ap luc mao mach phdi rat tét, khién chung dan cing,
tang duong kinh, giam khang luc. Day 1a viing phdi c6 tudi mau tét nhat toan bo phoi. Cang
xudng day phdi, dudi nhi trai 1 cm thi PAP, PPV lai ting 1 cm nudc, tudi mau lai cang tét.

Vung 4 : PAP > PPV > PA. Mac du mang dac trung tuong tu nhu vung 3 nhung tai day lai c6 su
thay ddi cua mot trong nhirng yéu t didu hoa tudi mau di d& cap ¢ phan trude. Do chinh 1a Pip,
yéu té quyét dinh dudng kinh hé mach mau ngoai phé nang. Tai ving tan cing day phdi, Pip
giam nhiéu, do 2 mang phdi gan nhau hon, do trong luc kéo phdi xudng day. Pip giam do do,
duong kinh caa cac mach méu ngoai phé nang khong duoc kéo dan, chiing xep lai gay ting
khéng lyc khién tudi méau viing nay giam nhe so véi ving 3.

IV. Van chuyén oxygen trong mau.:
Theo dinh luat ciia Henry — Henry’s Law thi véi mdi chat khi khi hoa tan trong nuéce sé cho 1
nong do nhat dinh, tinh toan theo cdng thic :

[02]dis = kO2 x PO2

Véi [02]dis 1a ndng dd Oxygen hoa tan, kO2 hay s — solubility 1a d6 tan 02, PO2 la &p sut riéng
phan 02. Ap dung vao mau dong mach ta c6 PaO2 = 100 mmHg, s = 0.003 mL/mmHg.dL & than
nhiét 370C. Nhu vay [O2]dis la :

mL

Nhu vay theo cong thirc Fick, ta c6 thé tinh duoc cung luwgng oxi mau — D02 (Delivery 02) :

5000 . mi
100 © 7 T phat

D02 = CO x [02]dis =

Véi CO 1a Cardiac output hay cung luong tim tinh bang ml/phut. Nhu vay ta c6 D02 1a 15 mL/p.

Nhu ciu oxi binh thuong cia co thé mot ngudi nang 70kg lc nghi ngoi 1a 250 ml/p nhu vay oxi

hoa tan chi cung cap dc 15/250 = 6 % tong nhu cau oxy lac binh thudng. Do d6, co thé chiing ta

s& thich nghi bang céch san sinh ra mot loai protein dong vai tro xe van chuyén 02 dé co thé
cung tmg dii nhu cau cho cac hoat dong song. Do chinh 1a

' Hemoglobin.

A HEMOGLOBIN TETRAMER

Hemoglobin cia ngudi binh thuong gom 4 tiéu don vi -
tetramere. M&i monomere trong sé d6 chira 1 nhan heme va 1
globin. Nhan heme Ia mot phuc hop gitta porphyrin va 1 nguyén
tir Sat ton tai & dang oxi hda 2+. Globin 1a mot chudi polypeptide
c6 d¢ dai khac nhau : alpha 141 aa va beta 146 aa. Nhu vay cong
thie 1 hemoglobin nhu sau :

[a(heme)]2[B (heme)]2
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MJdi nhan Heme ¢ thé chita mot O2 nho vao lién két gitta 02 vaFe 4 o
(2+). Do d6 1 hb c6 thé chira ti da 4 phan tir Oxygen. Mit khac,
Hb ton tai ¢ 2 dang cau hinh khéng gian 1a dang T — Tense va dang N i
R — Relaxe. Mot khi céu hinh Hb & dang T, khi d6 cac lién kéttrong  we—< [~ [ cn—cn
Hb khong tao méi trudng thuan loi cho 02 lién két véi Fe (2+) nén e )
& trang thai nay, ai luc Hb véi Oxygen rat thip. Tuy nhién, véi mdi u,r—{;:\/z?—m\

l

02 lién két véi 1 Fe (2+) thi cau hinh T lai dan — relaxe 1 chit va
tién vé cu hinh tuyét voi nhat 1a R. Day chinh 1a cau hinh c6 &i luc
02 cao nhat cua Hb.

CH, CH

COCr oo

C CONFORMATIONAL CHANGES WITH O, BINCING
F holix of M

M&i phan ti Hb

c6 kha ning lién két vai 4 phan tir 02. Vay nén
1 g Hb c6 kha nang lién két véi 1.35 mL O2.
Nong d6 Hb co thé ngudi truang thanh binh
thuong roi vao khoang 15 g/dl tir d6 ta tinh
duogc lugng O2 van chuyén boi Hb 14 :

| dowmwand, it pulls the
| attached hintidine and F
| helix dowrsward as well,

4 02
B T [02]Hb = 1.35 x 15 = 20.3mL—

dL

e Vay DO2 méi sé la
'\) O, binda b -y.?.! e hemw ‘_b 5000 02
cnsst s soed o) D02 = o0 * 20.3 4+ 0.3 = 1015.3 mLE

| conformation, pulling the Fe** downward

Figure 37. C4u hinh T & R cda HB
Hoan toan du da dé dap tng nhu cau chuyén
hoa cin ban cia con ngudi. Tuy nhién, su that khong dugc hoan hao nhu thé, Hb trong co thé
khong bao gio bdm vai Oxygen 100%, tac 1a d6 bdo hoa Oxy mau khdng bao gio dugc 100%,
chi s6 binh thuong dao dong > 95%.

o2 a .9 Véi ngudi treong thanh khoe manh,
7 L B do bao \hoa Hb 7tr0ng mau dong m.’?lCh
?g | 16 trung binh khoang 97.5 % (theo Figure

38) véi Pa02 100 mmHg, con trong
mau tinh mach khoang 75% véi PaO2
40 mmHg. Pay la duong cong dién ta
|~ mL 02 - A ta L~ < ,
(m) moi quan h¢ gitra d6 bdo hoa Hb mau
E va &p suit riéng phan Oxygen. D& thay
du tang Pa02 1én di nita, d6 bdo hoa

\02 bound to Hb |

Hemoglobin ) —12 O, content

saturation

(%) 40

20 L4 N A e
Dissolved O, cling ch1 tiém Ce,tn 100% chtr Ifhong
bao gio dat ngudng 100%. Mat khac
o 2g o e sc 1000 dudng cong nay ¢ dang hinh sine cha
Po A R S
(o £} khong phai tuyen tinh.
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Dua vao Figure 38, d& thay su chénh léch nong d6 oxi gitta mau dong mach va mau tinh mach la
4.7 mL/dL. Dua trén cong thuc Fick ta ¢6 thé tinh duoc lwong oxi ma co thé tiéu thy - VO2

5000 ml
V02 = CO x (Ca02 — Cv02) = x 4.7 =235—

100 p
Vé6i Ca02 la né)ng d6 oxi trong mau dong mach, CvO?2 la néng d6 oxi trong mau tinh mach. Dé
thdy con s6 235 ml/p kha twong tu véi con s wdc lugng 250 ml/p dé cap ¢ dau bai.

Véi 2 dai luong DO2 va VO2, ta c6 thé tinh duoc, % oxi duoc sir dung — EO2 (Extraction of
oxygen) chinh 13 lugng oxi dugc phan tan vao trong cac mo dé sir dung tai ti thé.

D02 235
V02 1015.3

That vay, thuc nghiém cho thdy, EO2 binh thudng dao dong tir 22 — 25%. Nhu vay, cau hoi dat
ra 1a co ton tai trudng hop nao khién EO2 giam tirc oxi khong dugc phan tach khoi Hb hay
nguoc lai Hb bam dinh oxi qua chat dé rdi md, ti thé khong thé sir dung duoc oxi ? Nhin vao
duong cong Hb — 02 ta dé& thay duoc néu di doi dudng cong qua trai, khi d6 i luc cua Hb véi
02 sé tang va Hb bam chit it nha oxygen nguoc lai néu doi duong cong qua phai, ta thay i luc
Hb véi 02 thap, nha 02 d& dang hon.

EO02 = ~23%

C6 4 yéu t6 anh huong dén duong cong o6 gdm than nhiét, pH, PaCO2 va 2,3 DPG. Trong pham
vi bai nay, ta chi phan tich 3 yéu t6 dau.

a. Nhiét do :

At P, of 40, Hb carries more ) )
Nhiét do cang cao thi kha nang gan két

O, when temperature is low...

100 gitra Hb va O2 cang kém nguoc lai
97.5 kha ning nha O2 cang tét. Nguyén
33°_ / n\hénACﬁa f_lién tugng nay d,ugc, ly giai ’
80 o7 vi than nhiét anh hudng dén cac chi sb
75 [ dac trung cua protein nhu pKa tir d6
-..and carries dan dén su bién déi vé cAu tric khong
less O, when . U 2
60 temperature is glan..Chuyen tu dang R sang T khién
Hemoglobin 41° | high. Hb giam di ai luc vai O2.
saturation o
(%) i Nhu vay, than nhiét la mét yeu to cuc

Ky quan trong can phai theo ddi k§ &
bénh nhan. Khong chi anh huang dén
Hb n6 con anh hudng dén céc protein

20 N
khac trong mau ciing nhu trong t€ bao
nhu albumin, globulin ...

0
0 20 40 60 80 100
POz
(mm Hg)

Figure 38. Anh huéng thdn nhiét dén dudng cong Hb - 02
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b. PaCO2 va pH — Bohr effect :

Niam 1904, cha dé ctua nganh vat 1y luong tir - Christian Bohr d& phét hién ra rang toan chuyén
hoa méu cé thé di chuyén duong cong Hb — 02 theo hudng giam &i luc. Hién tuong nay dugc
goi la Bohr effect hay su tac dong cia PaCO2 dén ai luc O2. Hién tuong nguoc lai khi PaO2 anh
hudng dén ai lyc CO2 cua Hb duoc goi la Haldane effect s& dugc dé cap trong chuong ké.

pH va PaCO2 déu thay
A Hl:SPlHAl!E(:)HY ACID-BASE DISTURBANCES d(l)l trong toan Chuyén
= hoa. D& thdy khi pH giam
w0 hay PaCO2 ting s& day

Pco, PH

~ Pa duong cong Hb — 02 vé
{61 mm 1o [ 73]

bén phai, lam giam ai luc

60

Hemogiobin .

— s l’— Hb voi 02, tang nha 02.
Hién tuong nay duoc giai

P thich vi pKa cua cac Hb
cb dinh do d6 khi thay doi

% 2 w e e 10 pH moi truong s€ gay ra

s su chuyén dich cac ciu

® EFFECTOFMM ©: SYRCTOP CCe ~ trlic khdng gian dan dén

M e S thay doi cau hinhR=>T.
00 s O® e =

Ngoai ra, CO2 con canh
tranh bdm Hb vai O2 vi
CO2 c6 thé duoc van
chuyén di voi Hb sau khi
tao thanh lién két
carbamino (Hb-NH-COO)

Hemogiobin
saturahon
- Tuy nhién, vé mit sinh ly,

hién tugng nay mang mot
vai trd quan trong. Tai té
bao, do cac san pham
chuyén héa tao ning
luong con sét lai nhu
Figure 39. Bohr effect CO2 khién cho moi

truong té bao c6 pH toan
nhe. Chinh toan chuyén héa khu trd mac dé nhe nay giam i luc Hb véi O2 khién Hb nha O2 cho
té bao str dung. Nguoc lai, tai mao mach phoi, noi nong d6 PaCO2 thap do ludn dugc thai ra moi
truong bén ngoai, pH ting nhe, khién duong cong Hb — 02 léch vé trai ting ai luc Hb véi 02
khién Hb bam 02 da dang hon.
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V. Trao d6i khi 02 :

Trao d6i O2 & phéi xay ra thdng qua qua trinh khuéch tan theo chiéu nong d. Do d6 mang trao
dbi gitra phé nang va mach mau dong vai tro rat quan trong. Ta c6 thé mo ta su trao ddi d6 thong
qua cdng thuc cua Fick :

Axs
Flow = kx ——— x (PAO2 — Pa0?2
avMw ( )

Véi Flow 1a luu lugng dong khi di chuyén xuyén

Alveolar PO, ) g b
100 Jdmmmmmmpmn -r== qua mang trao doi. k la hang S(A)’ ty 1€, A ladién
Reduced contact time | tich trao doi, s lq .do tan C}la chat khi, a lq do day
] cta mang trao doi, MW la molecular weight tuc
80 4 ' khéi lwong phan tir, PAO2 12 &p suat khi O2 trong
_ i phé nang va PaO2 1a 4p suét riéng phan oxi trong
Thickened )
o 60 blood-gas : mau.
I barrier 1 L, )
= : : Phén tich cong thurc trén ta dé thay, so luong phéan
§ w0l ] i tir O2 di chuyén khuéch tan qua mang té bao vao
Mixed i i trong mau phu thy_cf)c vao dién tich p\hé nang —
yenous I mach mau trao doi, d tan cua O2 va chénh léch
20 ’ i Carbon i ap suat 2 bén phé nang — mao mach. Ngoai ra, n6
' Exercise  monoxide  Rest  ciing ty 1é nghich véi d6 day cua mang phé nang.
. ____T ______________ * ________ T Mang phé nang — mao mach cac phan tir O2 cang
0 0.2 05 075 kho di chuyén qua mang I_<hién do tang PaO% mau
Time in capillary (seconds) cham hon binh thuong. Iflgure 40. Trong kth K,s
va MW 1a 3 dai lugng co dinh ta khong thé thay

Figure 40. Tdc déng clia mang phé nang mao mach Ién sy s ) )2
trao déi khi 02 do6i. Thi cac dai lugng khac nhu A va a thay doi

mang tinh chu ky. Figure 41 cho ta thiy dugc vao
thi hit vao, thé tich phoi ting khién cAc phé nang cing phdng, dén to ting dién tich 1ong phé nang
=> tang dién tich trao d6i A, ddng thoi dé nén cac mo k& dé giam do day mang phé nang mao
e mach xubng thip nhét.
Stich bt Ol Do d6 khi hit vao trao
" i 02 13 tht nhit.

Inspiraton | and minimizes Pogy

A VARIATION OF AREA
AND THICKNESS

B VARIATION OF ALVEOLAR
Py, AND Pep

Al the end of irspiration,
stretch maximizes the
| arva and minimizes the
Inspiration | thickness.
A 1| Sl

Vi thé nén PaO2 dat
dinh cao nhat vao ky
hit vao va thap nhat

vao Ky tho ra.

A Endot
‘ expiration

Figure 41. Dao déng A,a, Pa02 va PaCO2 theo chu ky hé hép
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- ; £ Ap A2 A \ . £ P . .
Mat khéc néu ta gom gon tit ca k x — \/% thanh 1 dai lwong duy nhét goi 1a DLO2 — Diffusion

capacity of O2 hay Kha ning khuéch tan mang caia khi 02. Mat khéc, khi hiéu DLO2 ta khong
nén chi giéi han tim nhin vao cac mang phé nang — mao mach, DLO2 con phu thudc vao luu
luong tudi mau phé nang va do tan caa khi O2 ciing nhu s lugng Hb trong mao mach phoi. Tat
ca yéu td a6 déu anh huong dén kha niang khuéch tan cua khi 02.

T6m lai, ta c6 thé chia kha ning trao ddi 1 khi gitra phé nang va mach mau thanh 2 nhém chinh.
D6 14 nhom céc khi bi gidi han boi mang trao doi — Diffusion limited va nhém cac khi bi gioi
han boi tudi mau phdi — Perfusion limited. Dé hiéu rd van dé nay, ta c6 1 vi du minh hoa :

Mot doan tau chd hang, trén tiu co cong nhan diéu khién can truc dé bic hang héa 1én tau. Dudi
dat ciing c6 cong nhan cho hang hoa dén. Nhu vay, khi doan tau di chuyén 1 cach tir tén, cong
nhan trén tau c6 di thoi gian dé béc hang, khong dé toa tau tréng dong thoi cong nhan dudi dat
cling ché hang dén day du. Moi viéc déu dan nhip nhang. Figure 42A. Bong nhién, % s6 cong
nhén trén tau bi dau bung do ngd doc thuc pham ho khong thé 1am viéc nhu thé du doan tau van
di vai tbe @6 nhu cii nhung céc toa tau van tréng vi sé cong nhan con lai khong da dé boC hang
Ién tau. Figure 42B. Mot ngay khac, doan tau thay vi chay tir ton thi do ngudi lai tau mudn chay
nhanh vé& qué lo vo sanh nén ciing véi s6 lugng cong nhan do, 1am khong du nhanh dé chat hang
day tau. Figure 42D.

A PERFECT MATCH (NORMAL NUMBER OF \
WORKERS AND TRAIN AT NORMAL SPEED) AN

B DECREASED NUMBER OF WORKERS
(TRAIN AT NORMAL SPEED)
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Nhu thé trong 2 truong hop sau, doan tau déu roi bén ma khdng chat da hang. Goi hang héa la
oxygen, doan tau chinh 1a dong mau qua phé nang vai cac toa tau 1a Hb, cong nhan chinh 1a kha
ning khuéch tan qua mang DLCO. Truong hop dau, khi s6 ¢dng nhan sut giam twong duong
DLCO bi réi loan khién lwong Oxi qua mang sut giam gay giam ndng do oxi trong mau (hang
héa trén tau). Truong hop thir 2, khi dong méau qua qua nhanh, oxi chwa kip khuéch tan, chua kip
gan véi Hb thi mau d3 di qua roi, khi d6 PaO2 van giam.

Trudng hop 1 ¢c6 thé xay ra trong mot s6 bénh 1y nhur OAP, xo héa mé k&, nim phéi ... May man
thay trong co thé mot ngudi khoe manh thi truong hop s6 2 thuong khong xay ra. Minh hoa
trong Figure 43, thoi gian 1 hong cau mang Hb bam da Oxy, dat 4p suat can bang véi PAO2 chi
14 0.25s (1/3 quang dudng) trong khi nd ¢6 tan 0.75s dé di qua mao mach phé nang. Tir d6 sinh
ra khai niém :

The transport of a gas is predominantly perfusion limited if the gas in the capillary comes into
equilibrium with the gas in the alveolar air by the end of the capillary — Walter F. Boron

C VARIATION OF
CAPILLARY P, ¥
AR\
_,' & @ > '_\FI‘

\ o a0
/ , i Relfxe ..l

ﬁ_ '——__—-——__——_——_——'
Mixed- v Systemc

N\
Po, =100

ms : :{1:»:@ 2. Bodn tau va céng nhdn
. Reaches o
! equilibrum . 2 . , s e, . X .-
Copllany: 00 i/ “Su van chuyén mot khi goi la gigi han chu yéu boi

Po, ; L, N ., ; ,
: tuai mau la khi ap suat khi trong mau mao mach dat
okl t6i can bang voi ap suat khi trong phé nang trude khi

méau dén cudi mao mach”

0 100 2. Y PN N \
Distance along puimonary Vai su trao doi Oxygen trong diéu Kién binh thuong

capliary (%) L, N . , ~ z
, chinh Ia minh ching ré nhat.
Figure 43. Sy trao doéi oxi

Tuy nhién, trong mot sb truong hop gang sac, van
dong manh va lién tuc, ciing nhu stress cam xdc, khi tbc do tuan hoan phéi tang qua nhanh thi
khi d6, Oxi qua mang khong kip va ap suat oxi mau cubi mao mach khong dat duoc can bang ap
suat oxi phé nang thi khi d6 trao d6i Oxygen lai twong dbi & thudc vao khuéch tan hay Diffusion
limited.
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D. Co ché phan wng ciia co thé véi ha oxygen mau/mo :

I. Phan @ng toan than khi giam oxi mau/mo :

Khi co thé nhan biét sy sut giam ndng d6 oxi, tim s& ting tan s6 va sirc co bop nhim ting cung

luong tuan hoan dé tang tudi mau cho cac co quan. Pong thoi, ting luu lwgng phdi nham ma ra
céc hé théng mao mach bi khép kin gitip ting thong khi — hién twong blood vessels recruitment
da dé cap & chuong trudc. Ngoai ra, hé hd hip con co ca 2 co ché didu hoa khu tri (tai phoi) va
toan than (than kinh) riéng biét.

a. Khai qua hé théng diéu hoa thong khi — Ventilation control system :

Hé thdng diéu hoa thong khi dwogc sinh ra dé dap ang 2 muc tiéu I6n gdm gii nhip thé cho con
ngudi mot cach tu dong va thay ddi tan sb cling nhu mirc do thdng khi nham bu trir vai cac thay
d6i vé mat chuyén hoa (phan anh qua PaO2, PaCO2, pH mau).
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Nhu bat ky hé thong nao chi phéi bai hé than
kinh hay bét ky cung phan xa nao. Hé thong
diéu hoa thong khi bao gébm 2 cung van
chuyén thng tin va mot trung tam xi Iy.

Cung dau tién 1a cung cam thy hay afferent
arc bit dau tir viéc cac thay doi chuyén hoa
trong co thé biéu hién qua giam Pa02, ting
PaCO2 hay giam pH s& kich hoat cac thy thé
hoa hoc tai trung tdm — Central chemoreceptor
(CCR) va ngoai bién — Peripheral chemo
receptor (PCR). Tur d6, dan théng tin vé véi
bo phan cam thu qua day IX, X va cudi cing
la vé trung khu xtr ly — Central pattern
generator — CPG. Tai day, CPG s€ xt ly théng
tin va cho ra cac dap ung theo cung van dong

Spinal cord — efferent arc thdng qua céc day than kinh so
&R CNVi - ILTENX] CN VIII, IX, X, X1, X1l va cac day than kinh
X, X, A A M s A = X , A T A
L= X, XIl cot song nham dieu khién cac co ho hap thay

Increased

T thoi tan s6 va mire d6 thong khi nham “sira
counteracts chira” cac thay doi chuyén hoa trén.
W Spina % blood-gas y y
nerve changes.

e Cac co hé hap chinh/phu va cac day than kinh

|
S
of respiratory Chest walz‘l chi phéi ciing nhu vi tri ciia than neuron van
S o ! I ventlation | dong d6 duge dé cap trong Table 5.

e
~~—= airways

Figure 44. So' lwoc vé hé théng diéu hoa théng khi
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b. Piéu hoa nhip thé thong qua céc thu thé hoa hec :

Primary Muscles of
Inspiration
Phrenic motor nuclei in
Diaphragm Phrenic nerve wventral horn of spinal
cord, C3-C5
Ventral horn of thoracic
Intercostal muscles Intercostal nerves spinal cord
Secondary Muscles of
Inspiration
Wagus (CN X) and — .
Primarily within the
Larynx and pharynx glossopharyngeal (CN nucleus ambiguus
IX) nerves
Hypoglossal nerve Hypoglossal motor
Tongue (CN XII) nucleus
Sternocleidomastoid | Accessory nerve (CN Spinal accessory nucleus,
and trapezius muscles XI) C1-C5
Mares Facial nerve (CN VII) Facial motor nucleus
Secondary Muscles of
Expiration
Ventral horn of thoracic
Intercostal muscles Intercostal nerves il
Abdominal muscles | Spinal nerves Ve““?" ot f
spinal cord

Table 5. Co hé hép va chi phéi thén kinh tuong tng

1) Céc thu thé hoa hec ngoai vi - PCR :

Cac PCR nam trén céc té bao thudc thé canh
— carotid bodies va thé chu - aortic bodies.
Chung dac biét nhay cam vai viéc giam
Pa0O2 mau, tang PaCO2 va giam pH hay noi
cach khéc 1a toan hd hip. Cac thy thé nay co
d6 nhay cam thay d6i mot cach cong huong,
nghia 13 trong truong hop toan hé hip do
giam thong khi di kem giam PaO2 mau,
ching s€ dac biét tang nhay cam va phong
ra nhiéu tin hiéu hon trudng hop giam PaO2
mau véi pH binh thuong. Nguoc lai, truong
hop kiém hd hap s& lam giam di d6 nhay
cua PCR véi hién tuong ha PaO2 mau.
Figure 45. ta thiy r5 duong cong mau cam
la khi PaO2 giam di kém véi toan hd hap,
chi can 1 su sut giam nhe cua PaO2 da du
khoi dong phan xa tang thong khi thong qua
viéc tang tan s xung (impulse/giay).

A EFFECT OF ANOXIA ON SINGLE, ISOLATED GLOMUS CELL

20 Anoxa '
e ]

0

~20

m

(mV) -40

g

0 1 2 3 4
{min)

B EFFECT OF RESPIRATORY ACID-BASE DISTURBANCES
ON O, SENSITIVITY
80

~-80

Impulses
sec
40

0

Thé canh va thé cha can duoc phan biét vai xoang
canh va céc thy thé cam &p — baroreceptor tai cung
dong mach chit mac di trén thuc té ching nam ké
bén nhau. 2 thé nay cd c4u tric kha tuong tu nén
ta chi phan tich thé canh tiéu biéu. Thé canh dugc
phéat hién boi bac si Corneille Heymans nguoi da
dat Nobel Y hoc 1938 cho phét hién nay. Ching
c6 cac dac trung nhu sau :

1. Rétnho, trong lugng khoang 2mg

2. C6 luu lugng méu tudi cao bat nhit co thé,
gap 40 1an so véi md ndo

3. CoHtdc dd chuyén hoa cuc cao, gap 2 — 3 lan
SO v&i mo ndo.

Véi cac dic trung trén, cac té bao thé canh chinh
la nhiing té bao c6 thé cam thy su thay doi nho bé
nhét trong chuyén hoa cua co thé thong qua céc
chi s6 PaO2, PaCO2 va pH mau. Thé canh c6 2
loai té bao co ban 1a té bao type | hay té bao
glomus va té bao type 1. Cac glomus cell ¢é hinh
tron, duong kinh khoang 10 um va tu thanh tirng

cum lién lac véi nhau bang céc lién két can — gap junction. VVé mit phoi thai, cac té bao type 1 co
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nguon gdc tir ngoai bi than kinh. Do d6, no ciing ¢ ciing cac dic trung voi cac té bao than kinh
ngoai vi hay té bao tuyén thugng than nhu :

1. Puoc chi phdi bai cac neuron giao cam truéc hach

2. Co6 nhiéu cong ion phu thudc vao dién thé

3. C6 kha nang phat ra mét action potential khi bi khur cuc

4. CO6 nhiéu ti noi bao chtra cac chat dan truyén than kinh nhu acetylcholine, dopamine,
NE, substance P va met — encephalin.

A LOCATION OF CAROTID AND AORTIC BODIES B MICROSCOPIC ANATOMY OF CAROTID BODY
CNIX
aﬂofena Sinusoid

Parasympathetic | S

gang#on
cel

Type 11
(sustentacular)

Figure 46. Cdu truc thé canh - Cdc té bao type 1,1l va ddu mut cdm gidc déy IX

Cac té bao nay lién két véi dau cam giac cua céc té bao day than kinh so s6 1X. Do d6, khi bi khtr
cuc ching s& giai phong céc chat dan truyén than kinh, tao mot xung dan truyén theo day 1X
nguoc |én trung thm hd hip CPG tai than ndo. Bao xung quanh céc té bao type | 1a céc té bao
type 11 dong vai trd nhu cac té bao dém than kinh va cac mach mau voi dic trung thanh mach c6
nhiéu 15 thing — fenestrated capillaries. Diéu nay khién cho cac té bao type I ludn “tim” trong
mot bé méau khong 16.

V& mit co ché phan tir, muc tiéu cudi clng caa cac con duong tac dong do ha Pa02, ting PaCO2
hay giam pH mau déu 1a ac ché kénh K+ nam tai mang té bao type 1. Tir d6 khién té bao khir
cuc, mang té bao ting dén ngudng dién thé du 16n dé kich hoat cac kénh Ca2+ nhay cam dién thé
khién chiing mé ra. Tir d6, cho phép mot dong Ca2+ Ua vao trong té bao kich thich hién tuong
Xuit bao cac tdi chira nham phoéng thich chat dan truyén than kinh ra ngoai. Ké do kich hoat, dan
truyén 1 xung than kinh theo con duong day IX.
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Figure 47. Co ché phdn ti hoat héa té bao type | do ha Pa02, tdng PaCO2 va giam pH mdu

2) Thu thé héa hec trung tm — CCR :

B LOCATION OF CENTRAL CHEMORECEPTOR NEURONS

_~Blood vessel
" CSF
,Central
/ chomoreceptor
A neuron

. - J

= Brain extraceliular p
fuid mater

Figure 50. Vj tri CCR

D DEPENDENCE OF VENTILATION ON CSF pH

S0

40

30
Alveolar

ventilation 20
iters

min 10

5

745 720 725 730 735

pH of CSF

Figure 49. Twong quan thay déi pH dich néo tiy va
théng khi phé nang

Vi thé nén, CCR rét nhay vai hién
tugng toan chuyén héa véi co ché chu

Pay 1a cac thu thé nam trén neuron nam trong dich
ngoai bao tai ndo. Chinh vi sy phan b nay khién
ching bi ngan cach véi méi trudng méu bang Hang
rao mau ndo — Blood brain barrier BBB. Hang rao nay
c6 tinh thim cuc ky kém véi cac ion nhu H(+), HCO3
(). N6 chi cho cac khi nhu 02, CO2 xuyén qua. Do
d6, cac CCR chi cd thé cam thu sy thay ddi chuyén
hoéa trong co thé théng qua viéc ting PaCO2 méu.
CO2 s& di xuyén qua BBB vao trong dich ngoai bao
gay giam pH tir o kich thich cac CCR phéng thich
xung than kinh xudng trung tam ho hip CPG. Ngoai
ra, voi diac diém dich ngoai bao chtra nong do rat thap
cac protein dan dén cac hé buffer — can bang toan
kiém non — HCO3(-) gan nhu khong hoat dong tai
day. Do do, bat ky su thay ddi vé [CO2] nao ciing dan
dén sy thay doi dang ké vé pH.

C DEPENDENCE OF CSF pH ON BLOOD pH

Respiratory acid-
7.40 base changes
Steady-stata
w°| 7.3
CsF /
Metabolc acid-
7.20 base changes

7.10 720 7.30 750

Figure 48. Thay déi pH DNT theo toan filéihAﬁipi va toan chuyén héa

740
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yéu ting PaCO2 méu va kém nhay véi toan chuyén héa vai co ché giam HCO3 (-). Figure 48.

c. Piéu hoa thong khi twéi mau khu tra tai phéi trong trwong hep bat twong hop V/Q :

Bt twong hop thdng khi — tudi méau hay V/Q mismatch 1a mot nguyén nhan thuong gap nhét
trong tinh trang ha oxi mau. Vi 2 gigi han 1a vé vo cuc khi Q => 0 va 0 khi V => 0, phdi c6 cac
co ché thich nghi vai timg trudng hop nhu trén.

1) V/Q => o hay rdi loan twéi mau phé nang :

La hién tuong xay ra khi phé nang dwoc thdng khi bi giam tudi mau mot phan hay toan bo. Khi
d6 thong khi tai phé nang nay chinh 1a khoang chét phé nang do khong c6 mau toi dé trao ddi 02
va CO2. Do d6, thanh phan khéng khi tai ddy hoan toan twong tu thanh phan khéng khi bén
ngoai voi PAO2 = 21% x (760 — 49) ~ 150 mmHg va PACO2 = 0 mmHg. Hién tuong nay xay
ra khi huyét khdi gay tic cac mach mau phé nang. Trong thuc té, phdi ngoai chirc ning hé hép,
né con co chirc nang loc huyét khéi. Cac cuc mau dong li ti dwoc hinh thanh tai hé thong tinh
mach sau khi v& phdi s& dugc “bay” lai trong cdc mach méau phé nang rat nho nhiam han ché
thuyén tic hé théng — systemic embolism. Khi ndy, nham han ché khoang chét phé nang, phéi s&
c6 co ché thich nghi nhu sau :

1. Tai phan b tuan mau méau : mot khi cac mach mau phé nang bi tic nghén, méu sé chuyén
doi qua cac mach méu con lai gy tang tudi mau tai cac phé nang thong khi tot.

2. Diéu hoa thong khi khu trii : bang cach co céc tiéu phé quan. Chinh PACO2 = 0 mmHg,
tai ddy ton tai moi trudng kiém hd hap dan dén kich thich co co tron phé quan va cac md
xung quanh. Viéc co tiéu phé quan khién cho &p luc duong the Raw tai cac phé nang nay
tang cao khién khong khi di vao 1an ké tiép s& duoc chuyén doi qua cac ving phé nang
khéc duoc tudi mau tdt hon.

3. R&i loan chiic nang phé bao : do cac chat dinh dudng khong dwoc cung cap boi mau dén
cac phé bao dic biét phé bao 11 nén chiing khong thé san xuét surfactant. Hién tuong nay
s& khién phé nang xep di dudi sirc cang bé mat phé nang gitp day khi qua phé nang to
hon, dugc tudi mau tdt hon.

A ALVEOLAR DEAD-SPACE VENTILATION WITHOUT COMPENSATION B COMPENSATION: BRONCHIOLAR CONSTRICTION
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other lung e - continues, / S
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:\' o0, | } \ Oy " 4 ¥ blood flow,
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the composition of

Figure 51. Khodng chét phé nang c6/khéng b triv
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2) VIQ => 0 hay réi loan thong khi phé nang :

La hién tugng xay ra khi mot phé nang duoc tudi mau day du lai khong dugc thong khi. Khi do,
xay ra hién twong shunt Phai => Trai nghia 1a mau tir hé tinh mach hé thong di qua ving phé
nang khong duoc thdng khi va vé hé dong mach hé théng. Cac nguyén nhan thuong gap 1a chén
ép duong din khi do di vat, u trung that chén ép hoac xep phdi. Luc do, khi trong cac phé nang
nay c6 thanh phan tuong tu thanh phan khi trong mau véi PAO2 = Pa0O2 < 75 mmHg, PACO2 =
PaCO2 > 47 mmHg. Co ché thich nghi khu tru tai phdi dién ra nhu sau : mach mau dén phé nang
khong duoc thdng khi cam nhan sy sut giam PaO2 nén ching bat dau co mach — Hién tuong
Hypoxic vasoconstriction. Khi d6 khang luc mach mau ting, khién méu bat ¢au dwoc chuyén vé
c4c ving phé nang dugc thong khi tot hon. Hau qua caa hién tugng nay l1a PVR tic khang luc
mach méu phoi cd thé tang cao. Tuy nhién, PVR chi tang ddng ké khi hon 20% phé nang khong
duoc thong khi nén thuong hiém khi xay ra.

A SHUNT WITHOUT COMPENSATION B8 COMPENSATION: VASOCONSTRICTION

) Because ventilation o
Ventilation of other ] this lung stops. while
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causing V/Q .\\;Qj\o /l V/Q=0 | alvwolar hypoxia, the
e 7/ arterioles feeding the
/ : . / | alveoli conatrict hy poic

Vasocomsinction |

¢

The alveolar gas assumes
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Figure 52. Shunt hé hép cd/khéng bu trir

I1. Phan #ng ciia md — té bao véi sw suy giam O2 :

Khi mot md — té bao thiéu oxygen, phan tng dau tién xay ra Ia suy giam vé chirc nang nham han
ché viéc tiéu thu oxi va ting lwong mau téi mo — té bao d6. Viéc huy dong mau toi mo — té bao
thiéu mau duoc dién ra thong qua co ché gidn cac tiéu dong mach, cac mao mach tai chd nham
tang DO2. Pay chinh 14 qua trinh diéu hoa oxi mau khu tra, ting EO2 khi can. Co ché gidn mach
tai chd thiéu mau gdm 4 co ché chinh nhu sau :

1. D&n mach do ATP duoc phéng thich tir cac hong cau. Hong cau khong chi dong vai tro
van chuyén 02 dén mé ma con dong vai trd 1a mot thu cam cho néng do O2 méu tai chd.
Nhu di dé cap trong chuong trudc, khi mé thiéu mau — thiéu O2 s& chuyén hoa ki khi
khién pH tai chd acid hda, tir d6 day duong cong Hb — O2 sang phai tirc 1am giam ai luc
Hb véi 02 khién Hb nha O2 nhiéu hon. Vi khi nha O2 nhiéu hon nén Hb phai chuyén tir
cau hinh R — Relaxed sang c4u hinh T — Tense, chinh viéc chuyén di cau tric khong
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gian nay d kich hoat ATP Release Nitrite Reduction St
hong cau phéng thich 2

ATP, 1a mot chit gay
dan mach. Cu thé ATP
bam vao thu thé P2Y
trén cac té bao noi mod
thanh mach mau tir @6
kich hoat men NOS hay

NO synthase téng hop

NO gdy gidn mach Endotholial Coll

thong qua con duong e

tao cGMP boi GC ; <<= < .
Guanosine Cyclase). ool @ - = =

: ¢ ) - — VASODILATIO

2. Dé&n mach do chinh

héng C_éiu : ,trong ,héng cau, Figure 53. D&n mach do qud trinh phdng thich ATP va Khir Nitrit
sau khi phong thich xong — T

02 thi HbO2 tros thanh DeoxyHb. Chinh phan tir i %
deoxyHb nay kich hoat men nitrit reductase khir Mo ol

Nitrit thanh NO va r6i NO gay ddn mach theo
chinh con duong cGMP.

3. Khi thiéu oxi md, mot trong cac co ché bu trir cia
co thé 14 ting cung lugng tim. Chinh viéc ting
CO khién cho ap suat mau lén thanh mach mau
tang, mau va cham nhiéu hon véi cac mach mau
nho tir d6 gay tang ap luc thanh — shear stress 18N pproviations: N, nitric oxide: NOS, nitric oxide
thanh mach. Chinh viéc ting shear stress nay lén e o ofclase: POES, cGMP-dependant
te bao ndi mo cling kich hoat con duong tong hop
NO theo NOS tir d6 dan dén d&n mach. Mach
mau khi gi&n s& 1am giam &p suét thanh tur do tu Blood Flow  \meaiiatore
dong feedback giam téng hop NO. Shearing Forces Y

4. D&n mach do thiéu O2 dan dén thiéu ATP hoat
hoa cac kénh Kali irc ché boi ATP khién té bao
bi hyperpolarization — siéu phan cyc tir 6 dan
dén viéc dan céc té bao co tron

GMP
PDES

GTP TeGMP

Relaxation

Figure 54. Co' ché ddn mach ctiia NO

Inflammation

iNos | enos™ T

Endothelial
Cell NO

Ngoai viéc dan mach dé ting tudi mau ma, céc té bao
khi thiéu oxi con c6 nhiéu dap tng bu trir khac nham
han cheé sur dung O2 :

Smooth +
Muscle NO-—=GC cGMP

Cell

GTP

1. Khi NO dugc tang téng hop tir 3 con duong Figure 55. Co' ché dén mach do shear stress
trén, ngoai viéc vao té bao dé kich hoat con
duong cGMP, NO ¢on ¢ vai trd séng con trong viéc tc ché hoat dong cua ti thé thong
qua viéc trc ché phan tir cytochrome C oxidase. Nho @6, chuyén hoa tao ning luong sé
chuyén tir con duong hd hap hiéu khi sang con duong hd hap ki khi. Pay chinh 1a Hiéu
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g Pasteur — Pasteur effect duoc béc si p

ngudi Phap Louis Pasteur tim ra nam

1851 thdng qua quan sat Ién men céc loai Karp channel
nam. Do ban chét con dudng hd hap ki

khi tao cuc it ATP (chi 2) nén khi thiéu

thén ATP, té bao bat budc lay “luong” bu

cho “chat”. Nghia 14 ting sb 1an chuyén HYPOXIA
hoéa theo con duong nay 1én mot mace do

khiing khiép bang cach kich hoat lién tuc B it R L a——"
cac men |y glé,l gluc ose nhu ::::T; ‘:r::; s rzxnu. A: Pulmonary smooth muscle cells. B: Peripheral
phosphoglycerate kinase, Figure 56. Co' ché déin mach do thiéu 02
phosphotfrutokinase ... va dan dén hau qua

{r dong san pham acid lactic gay giam pH.

2. Thong thuong, cac té bao chi tiéu nang luong vao 2 hoat dong chinh gdm cac bom
Na+/K+ ATPase (chiém tir 20 — 80% nang luong tuy loai té bao) va qué trinh tong hop
protein. Gitta 2 qua trinh ndy, cac bom Na+/K+ ATPase luon duoc uu tién vi vai trd song
con trong viéc gin giit gradient ndng d6 cac ion va tinh toan ven ciia mang té bao. Vi thé
nén, qua trinh tong hop céc protein sé& bi “shutdown” dau tién. Ty vao % nang lwong cac
bom Na+/K+ ATPase chiém trong ting loai té bao ma ching sé& c6 thoi gian chiu dung su
thiéu hut oxi khac nhau. Nhu vai cac neuron than kinh, cdc bom nay chiém 80% ning
lugng nén du dugc wu tién di nira, chling van s& chiu mac anh huéng vo cuing 16n khi
thiéu oxi dan dén viéc cac neuron c6 thoi gian chiu dung thiéu oxi ngian nhét co thé - dao
dong tir 2 dén 4 phit. Nguoc lai cac té bao co van, ngoai viéc chir myoglobin nhu ngudn
du trir nang luong khi can, cac bom nay chi chiém 20% tong nhu cau ning luong. Do d6
ching c6 thé chiu duoc su thiéu oxi trong 1 thoi gian dai — dén 2h. Viéc suy giam chirc
ning t& bao c6 thé thay rd nhat & té bao co tim, khi thiéu oxi ching s& dan dan giam di
kha nang co bop va roi vao trang thai “ngu dong” hay “Hibernating”.

3. Diéu hoa hoat dong cac gene : khi té bao thiéu mau, né ciing sé& thich nghi bang cach diéu
hoa cac gene phuc vu cho cac muc dich nhu sau :

a. Tang cung luong tim + thong khi => ting tao tyrosine hydroxylase => ting tong
hop dopamine tai té bao thé canh — carotid body
b. Chuyén hoa hiéu khi sang ki khi => tang tao cac men ly giai glucose
Tang tudgi mau => tan san mach théng qua tang tao VEGF
d. Tang kha ning van chuyén O2 => ting tao Erypoietine — EPO

——» relaxation

3

o
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E. Tinh trang ha oxygen mau — Hypoxemia
1. Cac thong sé danh gia mire dd 0xi mau — oxygenation :
a. D9 bao hoa oxygen dong mach — Arterial oxygen saturation hay Sa02 :
L& phan trim Hb bam 02 trong mau dong mach.
Hb02
Total Hb
N6 thudng dugc ude lugng gian tiép thong qua pulse oximeter hay chi s6 Sp02. Tuy nhién n6
cling c6 thé dugc do théng qua xét nghiém khi mau dong mach. Sa02 c6 lién hé mat thiét véi ap
suat riéng phan oxi trong mau dong mach thong qua duong cong Hb — 02. Figure 57, dé thay véi

S$a02 =

J90 B 20 Pa02 binh thuong ~ 95 — 100 mmHg
; Total O, thi Sa02 luon dat ngudng trén 95%.
= o7 ol ” Do d6, Sa02 dugc xem |a bit thuong

75 khi Sa02 luc nghi ngoi < 95%. Tuy

nhién, trong thuc hanh I&m sang, theo
12 O content c4c khuyén cdo vé hd hap hay tho oxi
5 (d[“tlggd) caa Hiép Hoi Long Nguc Anh )
-8 (Bristish Thoracic Society — BTS), Uc
B va New Zealand and Hoa Ky (AARC)
- 4 thi Sa02 dugc ude luong gian tiép qua
Sp02 1a binh thudng khi nam trong
khoang gié tri tr 94 — 98%.

K
O, bound to Hb

—

Hemoglobin o
saturation
(%)

40

20
Dissolved O,

0 20 40 60 80 100"

(mm Hg) Mit khac Sa02 khong dai dién cho
Pa02, vi nhin trén Figure 57 dé thay
Sa02 va Pa02 chi ty Ié tuyén tinh trong
giai doan S02 tir 10% - 75% con giai doan sau d6 thi méi quan hé nay chuyén thanh duong cong
tiém can ngudng 100%. Nén viéc ding Sa02 hay Sp02 udc lugng gian tiép Pa02 dé xac dinh
bénh nhén c6 du oxi mau hay khong can dugc can nhic can than.

Figure 57. Buong cong phén li Hb - 02

b. Phan ap oxi mau dgng mach — Arterial oxygen tension Pa02 :

Theo dinh luat Henry thi Pa02 hay &p suit riéng phan O2 trong méau dong mach 1a ap suat duoc
gay ra do cac phan tir O2 hoa tan trong mau dong mach chir khdng phai 02 van chuyén trong
Hb. V&i mot ngudi khoe manh thi sau khi trao @i khi thanh cong ¢ phé nang, phan &p oxi mau —
Pa02 s& can bang vai phan ap oxi phé nang — PA02. Nhu d3 dé cap & cac phan trudc, PAO2 tai
mot phé nang c6 V/Q ~ 1 s& duoc tinh véi cong thic sau

PACO2
PA02 = FI02 x (Patm — PH20) —

40
=21%x (760 — 47) — 08" 100 mmHg
Do d6, Pa02 = PA02 = 100 mmHg sau d6 véi hién twong shunt sinh ly tir tinh mach phé quan,

tinh mach vanh dd vé tinh mach phdi/that trai khién khi duoc téng ra cung dong mach chu Pa02
cO gia tri ~ 95 mmHg. Pa02 dugc do thong qua xét nghiém khi mau dong mach — KMBM. Chi
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s6 binh thuong ctua Pa02 dao dong tir 80 — 100 mmHg. Dudi 80 mmHg, Pa02 véi FI02 12 21%
duoc coi la bat thuong.

c. P9 bao hoa oxygen va phan ap oxygen mau tinh mach — Sv02 va Pv02 :

Sv02 va Pv02 cho ta thiy duoc ndng d6 oxi trong mau tinh mach, tirc 1a sau khi co thé st dung.
Trung binh Sv02 cd gia tri khoang 70 — 75% con Pv02 theo duong cong Hb — O2 c6 gid tri trung
binh 40 mmHg. Nhu di dé cép trong chuong trudc, nhd vao cac chi s Sa02, Sv02 ta c6 thé tinh
toan dugc muc do sir dung oxi cua co thé theo cdng thic sau

ml

V02 = D02 x (Sa02 — Sv02) = 1000 x (97 — 22) = 250phat

Véi hiéu sb (Sa02 — Sv02) cd khoang gi4 tri binh thuong vao khoang 20 — 30%. Dya vao su thay
d6i hiéu s6 nay ciing nhu két hop Sa02 ta c6 thé du doan dugc cac bat thudng trong viéc cung
cap oxi t&i mo ciing nhu cac nhu cau chuyén hoa tai mé :

1. (Sa02 — Sv02) > 30% => giam cung cip oxi t&i md (trudng hop thiéu mau, giam cung
luong tim)

2. (Sa02 — Sv02) ~ 50% => cho thay giam tudi mau mé mic do bao dong, co thé de doa
tinh mang

3. (Sa02 — Sv02) < 20% => bat thuong trong viéc sir dung Oxygen tai mo, thuong gap trong
truong hop tén thuong té bao do viém trong nhiém triing huyét hodc sé nhiém trang.

VO, =DO; x (Sa0;—SvO,) i .
200 — d. Chénh léch phan 4p oxygen phe nang
] 820, -00% o | S0r-08X —dong mach hay A —a gradient :
E - O A e ] Thong thuong, nhu da dé cap trong
= 2 9 chuong trudce, qua trinh trao doi O2 gitra
; 100 — f/ : 5 phé nang va mach mau & co thé nguoi
> «5’)6 /’ o,m ) Nomal khoe manh bi gigi han boi q}lé trinh tudi
i // ; mau — Perfusion limited. Dicu nay cé
b : | 1 nghia 1a can bang gitta phan &p oxy mao
° ! T T T ]0 T T mach phé nang va khéng long phé nang
T = dat duoc trudc khi méau rai khoi mao
s (m/min/m?)

mach. Tuy nhién, do hién tuong shunt sinh
1y, cling nhu toan b¢ cac cong thic ly
thuyét ching ta thiét 1ap déu mang tinh udc lugng. Ching c6 khong thé co do chinh xac tuyét ddi
nén Pa02 thyc té va PA02 s& c6 su khac biét nho goi 1a Chénh léch phan ap oxi phé nang — dong
mach hay A — a gradient v&i A = Alveolar va a = arterial.

Figure 58. Su thay déi cia VO2 theo D02

A —a gradient & ngudi binh thuong c6 gia tri < 10 mmHg. Tuy nhién, day 1a mot chi s6 mang
tinh ca thé hoa rat cao. N6 phu thudc vao tudi tac va ca F102 khong khi bénh nhan dang tha. Véi
FI102 = 21% tuc bénh nhan hit tho khi phong, A — a gradient dugc tinh theo cong thirc nhu sau :
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A—agrad = 2.5+ 0.21 x tudi

D& thay cang 16n tudi thi A —a grad cang a/A POy =1 - (A2 POy/PA:
ting cao, diéu nay kha binh thuong vi cac
chirc nang ho hip, théng khi s& giam theo
sinh 1y nguoi cao tudi. Mat khac, vé tinh phu
thuoc FI02 cua A — a grad, ta tham khao
Figure 59. Theo d6 v6i mdi lan FI02 ting
10% thi A —a grad lai tang 5 — 7 mmHg.
Diéu nay ly giai cha yéu do shunt sinh 1y va
hién tugng hypoxic vasoconstriction. Trong
phdi binh thuong cac phé nang théng khi kém 10 Loz
s& co mach dé day mau vé phé nang thong khi . '
t6t (d& cap chuong trudc) nhung néu ting
F102 thi cac phé nang nay van c6 1 lugng 02
vira du dé tc ché hién tuong trén khién tai
day xay ra hién tuong V/Q mismatch véi V/Q < 1 nén tao shunt ndi phoi — intrapulmonary shunt
giy ting A —a grad. Do d6 khi cho bénh nhan thé oxi qua cac dung cu tha oxi lidu thap c6 F102
dao dong nhu canula, mit na thuong thi rat khé wdce luong chinh xac A —a grad.

A-a PO,
(mm Hg)

1 1 1 1
] A ] 1
20 40 60 100

FiO; (%)

-
—

Figure 59. Su thay déi cta A - a grad va a/A ratio theo FI02

A — a gradient ty Ié thuan véi bat thuong trao d6i khi O2 tai phé nang — mach mau. Chi sé nay
tang trong hau hét cac nguyén nhan gay ha oxi mau nhu V/Q mismatch, shunt ...

e. Ty Ié phan ap oxygen dong mach — phé nang hay a/A P02 ratio :

Day 1a mot ty I¢ duoc sinh ra dé thay thé cho A — a gradient trong truong hop khéng ude lugng
dugc F102. Trong cdng thirc tinh a/A P02, FI02 tn tai ¢ ca tir s6 13n mau s6 nén co thé giam
thiéu duoc anh huong cia nd dén muc téi da. That vay, theo Figure 59 thi chi s6 nay it bi anh
huong boi FI02, ¢ FI02 phong = 21% né dao dong tur 0.74 — 0.77 va 0.8 — 0.82 khi tho oxi 100%.

f. Pa02/F102 :

Néu Pa02 chi sb dai thé thi Pa02/F102 chinh 1a mét chi sé di dugc cé thé hda. N6 cho thiy su
thiéu hut oxi mau trong mot diéu kién FI02 cu thé. Pay chinh 1a chi sé chinh xac nhit khi danh
gia phan ap oxi mau. Gi4 tri binh thuong ciia Pa02/FI02 dao dong tir 300 — 500 mmHg. Piéu nay
d& hiéu vi v&i F102 khi phong ~ 21% thi mot gia ti Pa02 60 — 80 mmHg tirc chua du tiéu chuan
chan doan ha oxy mau s& cho ra tich s6 nhu trén. Qua d6 ta thiy duoc ngudng chan doan ha oxi
mau Pa02 < 60 mmHg nén duoc thay the bang Pa02/FI102 <300 pano/Fi02  Qs/Ot véi

mmHg. Chi s nay dwoc ap dung trong chan doan ARDS hay Hoi Os = Luru
chting suy hd hap cap theo tiéu chuan Berlin 2013. lrgng Mau
Ngoai ra, theo mot s6 nghién ciru Pa02/F102 con c6 tuong quan <200 Shzuor;/t

A = A 1t 4o 1A A Y A= 0
mat thiét vai ty 1€ shunt trong tuan hoan phoi. > 200 <20%

Tuy nhién ty s6 nay ciing c¢6 cling nhuoc diém véi A —a grad 1a FI02 kho ude lugng khi bénh
nhan thé canula hoac mask ho ...
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g. Chi s6 oxygen — Oxygenation index :
Chi sb nay thuong duoc st dung vai bénh nhan 14 tré so sinh bi ting ap dong mach phdi kéo dai
hoac tré suy hd hap nham uéc lwong mirc do tram trong cua tinh trang giam oxi méau dé can thiép
kip thoi (ECMO). OI dugc tinh theo cdng thuc sau :

ap luc dwong tho trung binh x FI102

0l = Pa02 x 100

1. OI<25:tién luong tot
2. O125-140:40% tu vong
3. OlI>40:ECMO

h. Ap suit riéng phan CO2 thi thé ra— PECO2 :

Nhu di biét, trao d6i 02/CO2 gitra phé nang — mach mau déu 1a perfusion limited do d6, PaCO2
c6 gia tri sau trao d6i can bang véi PACO2 = 40 mmHg. Do 4p suat riéng phan CO2 trong khdng
khi binh thudng gan nhu 0 mmHg nén néu toan bo khdng khi khi hd hip déu téi duoc phé nang
dé trao doi thi phan 4p CO2 caa khdng khi thi tha ra— PECO2 sé giir nguyén gia tri nhu PACO2
1a 40 mmHg. Tuy nhién, doi khdng gi hoan hao, khong phai tat ca khdng khi vao hé hd hap déu
t6i duoc cac phé nang tudi mau day du, van con luong khong khi khong duge trao ddi voi mao
mach phé nang. D6 chinh 13 khoang chét sinh ly — Physiological deadspace. Khéng khi nam
trong khoang chét nay van giir nguyén thanh phan nhu khong khi bén ngoai. Vi thé nén, n6 sé
pha loang di lugng CO2 trao d6i tir phé nang va khién PECO2 lu6n nhé hon PaCO2 hay PACO?2.

Nhu thé qua viéc do dugc PECO2 nhd cac may tho hién dai, ta ¢ thé tinh toan ra duoc khoang
chét dang hién hitu trong co thé bénh nhén tir d6 diéu chinh tan s6 tho hay Vt trén may thé dé co
dugc mot MV — Minute ventilation hay thong khi phdt téi wu. Ta sé& tinh thé tich khoang chét d6
qua cbng thic sau :

VD _ PaC02 — PECO2
VT PaC0?2

2. Céc co ché gay giam oxygen mau :

Nhu d3 dé cap trong cac chuong trudc, véi twong hop thong khi — tugi mau tét hay V/Q ~ 1,
thdng khi tét véi FI102 21%, céc khi khuéch tan qua mang phé nang — mao mach binh thuong va
shunt sinh Iy 6n dinh thi cac chi s6 phan 4p 02 va CO2 s& ¢ gid tri nhu trong Figure 60. Giam
oxi mau — Hypoxemia dugc dinh nghia la Pa02 < 60 mmHg (FI02 = 21%) hoac Sa02 < 90%.

Ciing dwa trén Figure 60, ta c6 thé chia cac nguy@n nhan gay giam oxi mau thanh 5 co ché duoc
danh s6 tir 1 => 5. Chang lan luot 14 ;

1. Giam phan ap oxygen khi hit vao hay Pressure of inspired oxygen — P102
Giam thdng khi phé nang — Alveolar hypoventilation

Han ché khuéch tan qua mang phé nang — mao mach — Diffusion limitation
Shunt phai trai — Right to left shunt

Bat twong hop thong khi tudi mau — V/Q mismatch

gk owN
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160 mm Hg Ambient PO> = F(Patm)

PIO, = F(Patm — 47)

I = Inspired
Alveolar , A\
ventilation (VA) \1
4 { | A
I’ I; .\‘

capillary
7 Systemic
J A Arterial

w Paos = 95 mm Hg

Pacos = 40 mm Hg

Pulmonary capillary blood flow (Oc)

Figure 60. Cdc co ché gdy giam oxi mdu

a. Giam phéan ap oxygen hit vao — P102 :
Nhu da biét, PI02 dugc tinh theo cong thuc :

PI02 = FI02 x (Patm — PH20)

Véi, F102 = 21% trong diéu kién khi phong, Patm = 760 mmHg & muc nudc bién va PH20 = 47
mmHg trong diéu kién than nhiét 370C. Do d6 cac trudng hop sau c6 thé gay giam P102 :

1. Giam FI02 : truong hop nay thudng gap trong diéu Kién cac dam chay hoac trong phong
kin, noi O2 bj tiéu thu dé duy tri cac phan tng chay hodc con ngudi khi hd hap trong thoi
gian dai (nga dém).

2. Giam Patm : gap ¢ khong khi trén nui cao, noi c6 mat do khéng khi lodng, Patm < 760
mmHg dé& gay choang cho ngudi leo nii.
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b. Giam thdng khi phé nang — Alveolar hypoventilation :

Théng khi 1a su di chuyén caa dong khi tir méi truong bén ngoai vao phdi va nguoc lai. Trong
cac chuong trude da phan tich rat rd Flow khi di chuyén duoc 12 nho vao sy thay doi cua ap suat
phé nang PA. Do do, tit ca c4c nguy@n nhan tir trung wong dén ngoai bién anh huong dén sy hoat
dong cua cac co ho hap, tan sb tho ... khién PA thay doi kém hon binh thudng déu cd thé gay
giam thong khi phé nang. Hau qua dau tién 1a su gia ting cua PACO2 do khdng thé thai ra ngoai
moi truong. Tir d6 dan dén ting PaCO2 do khong thé thai vao phé nang :

Vcoz2

—“/,—f) VA

Vi k 1a hang s, VCO2 1a thé tich CO2 tao
ra do qué trinh chuyén hoa. D& thiy PaCO2
va PACO2 déu ty I¢ nghich véi VA. Ngoai
_________ ra, ta can nhé PA02, Pa02 ciing chiu anh
770, saturation huéng cua viée ting PACO2 theo cong thirc :

L 76
PACO2
R
Do d6, khi PACO2 tang, PA02 s& giam khién
Pa02 giam gay ha oxi mau. C4c nguyén nhan
gay giam théng khi phé nang, duoc chia theo
cac nhom tir trung wong dén ngoai vi nhu sau

PaC02 =k x
(1

120 4 Alveolar Po,

o

PA02 = FI02 x (Patm — PH20) —

H
P L 74

Alveolar Po;, Pco;
mm Hg, and O3 saturation %
Arterial pH

- 7.2

Alveclar Pco,

MNormal
value

20 I I I
2 4 6 8 10

Alveolar ventilation (L/min)

3 smef e -

Figure 61. Sw thay déi PA02, Sa02, Ph,PACO2 theo théng khi phut

Vi tri Vi du
H¢ than kinh trung wong — CNS  Thubc (opioid, barbiturate), nhoi mau hanh néo, kiém chuyén hoa,
nhuoc gidp, mat tu dong tinh v6 can (“Loi nguyén cua Ondine™)

T¢é bao sirng truwéc ALS, bai liét, ton thuong cot séng co

Than kinh van déng Hoi chung Guillaine Barré, bénh da day than kinh

Tiép hop than kinh co Nhuoc co, HC Lambert Eaton, ngd doc botox, ngé doc phosphat
hiru co

Co hd hap To6n thuong co do thudc (statin) — chan thuong — viém co, teo co,
rdi loan van dong co hoanh

Long nguc Di dang 16ng nguc, gu veo cot song, mang sudn di dong

Pwong dan khi trén Tic nghén do di vat, do u trung that (4T = Thymoma, Thyroid,
Teratoma, Terrible lymphoma)

Khéac Hoi chung giam thong khi do béo phi — Pickwickian, bang bung
I6n — Hoi chirng khoang bung (Abdominal compartment
syndrome)
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T6m lai tinh trang giam thong khi phé nang c6 cac dic trung sau :

1. Nhu mé phoi da phan binh thuong

2. Khong ting A — a grad do khong réi loan trao d6i khi hay bat twong hop V/Q
3. Dién tién ti suy hd hap type 2 — taing PaCO2 va giam pH mau

4. Liéu phap thd oxygen c6 thé cai thién tinh trang giam oxi mau

c. Han ché khuéch tan qua mang phé nang — mao mach hay Diffusion limitation :
Dong khi trao ddi qua mang phé nang — mao mach chu yéu dua theo su khuéch tan theo cong
thirc Fick nhu sau :

Flow = k x x (PAO2 — Pa02)

Axs
avMWw
D& thay, véi 1 PA02 binh thuong thi dong khuéch tan s& chi giam khi dién tich trao d6i — A giam
hodc d6 day mang trao doi — a ting :

1. A giam : thuong gap trong cac trudng hop phé nang bi lap day béi dich viém hozc dich
thim do tang 4p suat thiy tinh (OAP), phau thuat cat bo thiy phoi

2. atang: cac nguyén nhan thuong gap nhu bénh ly mé k& (Interstitial lung disease — ILD),
xo phoi, nAm phoi, sarcoidosis, amyloidosis

T6m lai, tinh trang han ché khuéch tan qua mang phé nang — mao

k » mach co6 cac dac trung nhu sau
Diffusion X 1 Bénh Céu tl‘l]C phél
impairmen 5. ,
€ Pro; 2. A—agrad tang do giam trao doi khi
' PO2< PAO; 3. PaCO2 thuong khong ting do do tan — s cua CO2 16n gap

20 lan O2 dan dén viéc kha nang khuéch tan caa né it bi anh
hudng béi mang phé nang — mao mach nhu 02
. 4. Giam oxi méu khi géng suc : do khi nghi, Hb chi can 1/3
thoi gian (0.25s) trong 0.75s la ¢6 thé bam dwoc 02 nén du sy
khuéch tan O2 qua mang c6 giam di nhung voi thoi gian trao doi
dai, Pa02 van c6 thé dugc duy tri. Tuy nhién, khi gang sirc, cung
lwong tim tang khién tuan hoan phoi ting ca vé luu lwong 1an van
téc dong chay gay giam thoi gian trao d6i 02 (khi nay khuéch tan
02 1a diffusion limited). Do do, bdc 16 tinh trang giam oxi mau
do réi loan khuéch tan.

PO, <40

Pa0; < Pa02

Figure 62. Diffusion limitation

5. Giam DLCO
6. Liéu phép thd oxi co thé cai thién tinh trang ha oxi mau nhung ting A — a grad
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d. Shunt phai — trai :

Shunt 14 tinh trang dong mau tir hé théng tinh mach (tim phai) vé thang tuan hoan hé thdng (tim
trai) ma khong di qua ving phoi dugc thong khi. Thuc té, & nguoi khoe manh ludn ton tai 1
shunt sinh 1y. Cac trudng hop shunt dé cap trong phan nay 1a shunt bénh Iy va dic biét 1a shunt
noi phdi — Intrapulmonary shunt chir khdng phai 1a cac shunt lién quan tim mach (tim bam sinh).

Venous Blood
PV02 mm Hg

In Equilibrium
onzmm Hg

Shunted
Venous Blood

P = 100 mm Hg
02 Poz =40 mm Hg

Venous Admixture
(Po. , reduced to about 85 mm Hg)

Figure 63. Minh hoa shunt néi phéi

Tagoi :

o 0O O O O

Shunt noi phéi la 1 trong 2 tinh trang cuc doan cua bat
tuong hop thong khi/tudi mau. Trong trudng hop nay, V =
0 do d6 V/Q = 0. Tai nhitng phé nang khong duoc thong
khi, mau khong dugc nhan thém O2 hay thai bt CO2 nén
chung mang dic diém cua mau tinh mach gdm Pa02 =
Pv02 = ~40 mmHg, PaC02 = PvC02 ~ 47 mmHg. Chinh
lwong mau c6 phan &p oxi thip nay s& pha lodng nong do
oxi trong mau déng mach khi chung héi tu vé that trai
chung véi dong méu giau O2 tir cac phé nang thdng khi
t6t. Qua do, ching giy ra giam oxi mau. Céc trudng hop
hay gap bao gom :

1. Tac nghén duong dan khi nho : dot cap hen. ..
2. Phé nang bi & dich : OAP, viém phdi, ARDS ...
3. Xep phé nang : xep phoi ...

Qs 1a Iuu lwgng méu 1én phdi khong di qua phé nang thong khi hay luu lugng shunt.
Qt 1a tong Ivu lugng tuan hoan phoi

Ca02 1a lugng oxi trong mau dong mach

Cv02 1a lugng oxi trong mau tinh mach

Cc02 1a lugng oxi trong doan cudi mao mach duge thong khi binh thuong.

Nhu thé ta ¢6 tong luu lwong oxi trong mau dong mach s& bang tong s6 oxi trong mau shunt va

téng oxi trong méau khdng shunt :

Qt x Ca02 = Qs x Cv02 + (Qt — Qs)x Cc02

Hay

Qs Cc02 — Ca02

ot

DPay chinh la cong thirc tinh Qs. Mat khac, shunt
1a tinh trang rat kho cai thién vai lidu phéap tho oxi
do dong mau khong dugc thdng khi ludn ton tai va
kha nang chira oxi trong mau la hiru han do d6
bénh nhan giam oxi mau nhung khong cai thién
véi liéu phap oxi 1a ddu hiéu goi y su ton tai cua
shunt noi phoi. Nhu dé cap trong dau bai, chi sé

Cc02 — Cv02

Shunt
10%

Pa0,
(mm Hg) T

Figure 64. Shunt it ddp tng vdi tdng FI0O2

Pa02/F102 c6 thé cho phép ta ude lugng gian tiép
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ty 1& Qs/Qt. Thong thuong, shunt ndi phoi it gay anh huong dén PaCO2 do su chénh léch PaCO2
va PvCO2 la khéng véi (40 vs 47 mmHg) nhung khi két qua KMPM cho thiy su
—Qc
Qe | @
!‘j@"'/ "f:- ;

R. atrium & R. ventricle —— 7~ (§%

Perfect exchange unit

Pulmonary artery
Qs
Capillary shunt unit I Pulmonary veins
// N
Anatomic shunt N/ —5— L. atrium & L. ventricle
< (@Y
\f;;\ >\ =
=== QT

Figure 65. Twong quan céng thuc tinh Qs/Qt

tang PaCO2 trén bénh nhan c6 shunt ta cin nghi dén nguyén nhan khac phoi hop hoic trudng
hop shunt noi phéi rat Ion, Qs/Qt > 50%.

T6m lai, shunt ndi phéi co cac dic diém nhu sau :

1. Bét twong hop V/Q cling cuc

2. Tang A —a gradient do mau shunt lam giam Pa02
3. It cai thién tinh trang oxi mau vai liéu phap tho oxi
4. PaCO2 da phan khong doi

e. Bat twong hop thong khi — twéi mau hay V/Q mismatch :

A @ VAQPEsPEo; bay la r}gll_yén nhén gay giam OXi
Limin mm Hg mau pho bién nhat trong thyc hanh
24107133 |132) 28 lam sang. Thong thuong, ty 1€ V/Q

33018 [121] 3 N Y VIR
42 33|13 |14] a7 dao d@ong 0.8 — 1. Vé mat sinh ly, ty 1€

52 [ 50 | 1.0 [108] 39 v ofino hidn thidn i :

— na;;.cung, blen,thlen tu’y th(io Vur:g '
57 | .83 [0.80[ 98 | 41 phoi, chiing c6 xu hudng tang dan khi
72 |98 [0.73] 95 | 41 an & ="

SRR (I R di F?n dl}ﬂh pf}ol. Flgurs 66. TU}/

62 |1.29]0.63] 89 | 42 nhién, tong cac V/Q van dao dong
209600 quanh trung binh 1. Nhu vay, V/Q c6
Mixed alveolar [101] 39 2 hudng dé thay doi : tien ve 0 vai V

Mixed arterial | 97 | 40
AL a diff. 411

= 0 (truong hop shunt) va tién vé o
véi Q => 0 (thuyén tic phoi ... ). 2
cuc tri ndy va su thich nghi caa phoi
Vi chung da dugc phan tich ¢ chuong

Figure 66. Thay déi V/Q tir dinh tdi ddy phéi
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truéc. Trong phan ndy, ching ta chi dé cap dén cac truong hop : 0 < V/IQ <1va V/Q > 1. Dya
trén 2 Figure 67 va 68, d& thay khi V/Q tién vé 0 thi phan ap céc khi trong phé nang s& tién vé
phan ap khi mau tinh mach (PA02 = 40 mmHg, PAC02 = 47 mmHg). Nguoc lai, V/Q tién vé oo
thi phan ap nay lai tién vé phan &p khi troi (PA02 = 150 mmHg, PAC02 = 0 mmHg). Thuc té,
giam oxi mau hay Pa02 < 60 mmHg chi xay ra ¢ truong hop V/Q < 1.

75 140 H

- 120 - L 21 _
z 50 g” E
E 7] E 100 0, content |20 g
g & 80 19 E
25 4 (5] E
& g0 18 E
r:‘ =
g 40 4 L7 ©
0 ~Pco; o

0 20 L 16

PO, mm Hg 0 pi= T T T - 15

T
[V 0.1 1.0 10 100 ==

‘entilation-perfusion ratio

Figure 68. Thay d6i V//Q dén dén thay déi PAO2 va PACO2

Céc nguyén nhan thuong gap o thé chia ra lam  Figure 67. Thay d6i phdn dp khi phé nang theo v/Q
4 nhom nhu sau :

1. Bénh ly duong dan khi : COPD, hen, xo nang ...

2. Bénhly mé k& : ILD, sarcoidosis ...

3. Bénh ly nhu md phdi : viém phdi, OAP, sung huyét phdi do hep van 2 1a — suy tim tréi,
thudc nhu bleomycine, ngd doc paraquat ...

4. Bénh ly mach méu phdi : thuyén tic do huyét khdi — md — khi ...

Tuy nhién, can luu ¥, trong 1 bénh ly cd thé ton tai
nhiéu dang V/Q mismatch khac nhau. LAy vi du
Bénh phdi tic ngh&n méan tinh — COPD thudng
dugc chia thanh 2 type 1a khi phé thang —
Emphysema va viém tiéu phé quan man tinh —
Chronic bronchitis. Trong khi V/Q binh thuong
dugc thé hién o Figure 71. Thi véi Emphysema,
cach thanh vach phé nang bi hity hoai dén dén
giam sb lugng mao mach quanh phé nang — giam
gt Q. Két hop voi su pha hay cau tric mo kg, cac phé
- nang gio théng ndi véi nhau tai thanh cac “phong”
tréng thé tich 16n va do chun gidn — C 16n khién
ching d& dang na ra cho khdng khi tién vao va két qua t khi — bay khi tai ddy => tang V. Do do,
kiéu V/Q mismatch cua khi phé thing 1a V/Q > 1. Figure 72.

Secretions :
Mucous plug |/#

yvia KNG N Avia

Figure 69. Minh hoa 5 giai doan chinh cta V/Q

Nguoc lai v&i n6 1a viém tiéu phé quan man tinh véi hién tuong ting d6 day thanh phé quan do
tang sinh cac tuyén tiét nhay — mucous gland véi Reid index > 0.4. Tir @6 chung khién khong khi

BS TRUYEN THIEN TAN TRi TAI THAN TANG m



BAI VIET MANG TiNH CHAT CHIA SE KIEN THU'C - KHONG THUONG MAI HOA DUGI MOI HINH THU'C

15 T 1.2 4
= ] E Pa0; = 81
c =
= o % 1.0 4
= Ventilation = Ventilation
= g 0.8 1
2 1.0 4 Blood flow =
g 5 06
o S
5] = 0.4 Blood flow
& 05 - £
= > 024
= No shunt
@
= No shunt 0

0 14 . . , . . 0 001 0.1 10 100 100.0
0 0.01 0.1 1.0 10.0 100.0 A Ventilation-perfusion ratio

Ventilation-perfusion ratio
Figure 70. V/Q < 1 trong viém tiéu phé quéan man
Figure 71. V/Q binh thuong ~ 0.8 - 1
kho vao phé nang dan dén giam V. Do d6, V/Q
mismatch caa chdng lai theo dang V/Q < 1. Figure 70 . Vi thé nén ta can hiéu mét cach ca the
hoa tinh trang V/Q cua tirng bénh nhan dé chan doan va diéu tri chinh xac hon.

T6m lai, bat trong hop thong khi twdi mau c6 cac dic diém sau :

1. Labénh ly tai phdi — mach méu
2. Tang A —agrad
3. Co cai thién vai liéu phap tho oxi

=

= 0.6

i

; Blood flow Ventilation
2

B 04 -

o

0

2

L]

c

S 02

g ®— 3.1% shunt

g - l

|

0 0.01 0.1 1.0 10.0 100.0

Ventilation-perfusion ratio

Figure 72. V/Q > 1trong trwdong hop khi ph€ thing
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f. Lwu d tiép can mét bénh nhan ha oxi mau :

Check Pa02

I Give 02 l ..............
Doesn't
Improves Improve Normal PCO,
[ CheckDLCO '

y

iffusion
_impairment
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F. Liéu phap thé oxi — Oxygen therapy :

I. Lich st oxygen therapy :

Sau khi cong b phat hién ra khi thuan tay hay “Dephlogisticated air” — Oxygen vao nam 1775,
Joseph Priestley da dwa ra mot s6 khai niém ban dau vé cach ng dung oxygen trong y hoc ciing
nhu cac han ché cua né. Ong ting phét biéu :

“From the greater strength and vivacity of the flame of a candle, in this pure air, it may be conjectured,
that i might be peculiarly salutary to the lungs in certain morbid cases, when the common air would not
be sufficient to carry off the putrid effluvium fast enough. But, perhaps, we may also infer from these
experiments, that though pure dephlogisticated air might be very useful as a medicine, it might not be so
proper for us in the usual healthy state of the body; for, as a candle burns out much faster in
dephlogisticated than in common air, so we might, as may be said, live out too fast, and the animal
powers be too soon exhausted in this pure kind of air. A moralist, at least, may say, that the air which
nature has provided for us is as good as we deserve “

Pai ¥ doan van trén, 6ng dua vao hién tugng ngon nén chay manh va sang hon nén theo dng
dong khi thuan khiét nay cé thé co ich cho ngudi bénh. Tuy nhién, né s& anh huang khong tét
dén ngudi khoe manh binh thuong do s& “ddt chay tudi tho” cua ho nhanh hon. Nhu thé, tir thé
ky 18, cac nha khoa hoc da co ¥ tuong ban dau vé liéu phap thd oxi. Sang dén ndm 1783, mot
béc si nguoi Phap tén Caillens 1a nguoi dau tién cdng b sir dung oxi trén bén nhan caa 6ng ta
(Mot ngudi phy it tré bi lao) 1a hiéu qua. Vao nam 1799, 2 thanh vién cot can cua Hoi Tring
Tron Birmingham — The Lunar Society of Birmingham la James Watt va Humphrey Davy da
thanh 1ap nén Vién nghién ciru phdi — Pneumatic Institution nham nghién cau thir nghiém tac
dung oxygen dén cac bénh nhan bi hen, mét moi ... Ho da s dung oxygen pha lodng vaéi ty 18
F102 theo quan niém hién tai 1a 23 — 28%. Tuy nhién vao dau nam nhitng nam 1800s, vién
nghién ciru cua ho da bi dong ctra nham xay bénh vién diéu tri nan sét phat ban xay ra vao 1800.

Phai dén gan 1 thé ky sau do, vao dau thé ky 20, dudi anh sang cua cac phét kién vat ly vé ap
suit riéng phan O2 bai 2 nha vat 1y nguoi Duc Adolph Fick va Phéap Paul Bert, ching ta moi
hiéu rd hon vé co ché trao ddi oxi ciing nhur sy khac biét trong phéan 4p oxi mau dong mach va
tinh mach. Dua trén cac phét kién d6, John Scott Haldane — ngudi dugc xem 1a cha dé cua
oxygen therapy hién dai da cong bd “Liéu phap st dung oxygen” — “The therapeutic
administration of oxygen” dau tién trén thé gigi vao 1917 tai Pai hoc Oxford. Trong dé, 6ng da
md ta cach diéu hoa co thé thdng khi nho vao phan 4p CO2 mau, anh huong caa né 1én pH mau
va ca khai niém dau tién vé thiéu oxi mau — Anoxaemia. Theo 6ng, 3 co ché chinh bao gom :
thiéu 02, thiéu Hb va thiéu tuan hoa. Chinh liéu phap oxygen ciia 6ng da ciru mang hang ngan
ngudi linh trong Thé Chién Thi 1 khi vii khi héa hoc lan dau tién duoc dua vao sit dung : khi
phosgene. Loai khi nay khi vao phoi s& phan &ng véi nude trong phé nang dé tao acid
hydrochloric (HCI) do d6 giy kho thd va pht phéi cap — ARDS sau 6h. C6 dén 17 000 nguoi
nhiém doc khi nay trong Thé Chién Thtr 1 va chinh liéu phép tho oxi cua Haldane trong 1 bo
thiét bi goi 1a “ Haldane equipment” di cttu song hang ngan nguoi trong s6 d6. Ong da dat nén
mang cho liéu phéap tho oxi hién dai, mot liéu phap ma ngay nay dugc xem la cin ban trong cap
ctru va hdi suc tich cuc.
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I1. Co sé ly thuyét liéu phap thé oxi — Pharmacology of Oxygen :

1. Dwoc dong hoc cia Oxygen :
Khi Oxygen duoc su dung trong dicu tri, ta xem nd nhu l1a 1 dang thuoc va né hoan toan c6 cac
thudc tinh dugc dong hoc riéng biét

a. Puong dung thudc :

Oxygen da phan duoc sir dung qua dudng hit bing cac dung cu cung cip oxi khac nhau. Ta chia
céc dung cu nay 1am 2 loai chinh 1a thé oxi Iuu lwong thap va luu lugng cao. Trong bai nay chi
dé cap phan tho oxi luu Iugng cao qua mat na Venturi chir khdng bao gom phan th may, CPAP
hay thong khi co hoc. Ngoai ra, oxygen con thé duoc sir dung qua dudng dong mach (ECMO).

al. Thé oxi luu lwong thap :

Mang cic dic diém nhu sau :
1. Khi hit vao gdm : khi phong + Oxygen
2. FI102 c6 khoang thay doi rong, tiy thudc vao tan sé tha, luu lugng dong hit vao ciing nhu
téng thong khi phit.

3. Cac thiét bi dién hinh : Canula miii, mask oxi don gian, mask tho lai, mask khong tho lai

+ Thé oxi qua canula miii : 1a dung cu dua oxi truc tiép vao

miii t6i vom hau véi téc d6 dong chay — Flow rate tir 1 — 6 I/p ~ Flow rate (I/p)  F102

va FI02 dao dong tir 24 — 40%. Do dic diém Flow rate 1 nguoi 1 24(0?
binh thuong khi hit thé trung binh khoang 15 I/p nén khi cung 2 gioﬁ)
cap oxi qua canula miii, khong khi hit vao s& gém ca 02 va khi j 3 4(;
phong do do khién F102 dao dong, it chinh xac. Tuong quan :

N 7 A 9 Iy - 5 37%
flow rate va FI02 cd thé tham khao bang sau : 6 40%

+ Thé oxi qua mit na don gian : 1a dung cu duoc coi 1a c6 budng chira khi so dang véi thé tich
mat na chinh 1a thé tich budng chira 100 — 200 ml. Dung cu nay cho phép thé oxi véi Flow rate 5
— 10 1/p va dat mtrc F102 40 — 60%. Chiung dugc chi dinh khi tho oxi qua canula miii khong duy
tri dugc Sp02 > 90%. Luu y trong trrong hop thd mask don

gian, flow rate luén Ién hon 5 1/p nham tranh tho lai khi CO2
Cﬁ' Emdaﬂs\ A fEdeas

+ Tho qua mat na khong tha lai : 1a dang mask c6 gian budng @‘ @\

chira ddy oxi véi thé tich dao dong 600 — 1000 ml. Khi thé cia s |
bénh nhan duoc lay chu yéu tir thi chta ndy. Hé thong mat na '
khong cho phép ludng khi tho ra di vao tai nhd 1 van 1 chiéu
duogc dat gitta mat na va tdi. Ngoai ra, 2 bén mit na c6 thiét ké
2 16 tho 1 chiéu ngan khi phong hoa 13n vao chung véi oxi thi
hit vao. Figure 73. Luu lugng oxi > 10 1/p va F102 dao dong tir
60 — 100%.

100% Oxygen

Figure 73. Mdt ng khéng thd lai
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+ Tho qua mat na tho lai 1 phan : 1a dang mit na ciing c6 tii chua

nhung gitta tGi chira vao miat na khdng ton tai van. Vi thé nén khi /\

tho ra, luu lwong the ban dau cao hon luu lugng oxi nén khi th y %

ra & chui vao tii, sau do luu lugng giam dan. }?_é:n khi nd thap & ! *@‘\wmm
hon luu lugng oxi thi khi tho ra sé thoat ra ngoai thong qua I6 2 !

bér} mat na. Tuy nhién, khi thc’r ra ban~d§u V(’yi’ cung lugng cao da l [Iﬁ;(_;_mw
phan la khi trong khoang chét giai phau vi thé nén khi né vao tui, A |

ta van hit lai leong khi F102 cao con khi thai tir phé nang sé thoat T e e
ra vao Ky cuoi thé ra véi luu lugng thap nén s€ ra ngoai. Mat na l

nay cho phép thé oxi véi FI02 dat dén 70%. Figure 74. /A f Resanok Bag

a2. Tho oxi luu luong cao : Figure 74. Miit na thé li 1 phéin

1. la dang tho oxi cung cap toan bo thé tich hit vao

2. Khong pha lodng O2 véi khi phong

3. FI02 6n dinh du bénh nhan c6 thay ddi tan s6 thé, luu lugng khi hit vao hay théng khi
phat

Bai nay chu yéu dé cap dén mat na Venturi : 12 loai mat na sir dung mot van dic hiéu va dong oxi
duoc lam 4m va am véi tée d6 cao. Chinh dong oxi nay khi di qua van s& cuén theo khi phong
v6i mot ty 18 KP/O2 nhét dinh do d6 duy tri 1 FI02 ¢6 dinh va chuan xac. Flow rate dao dong tir
1 —40 1/p va FI02 dao dong 21 — 100%. Figure 76 va 75 Ia hinh cé4c loai van véi mau sic va flow
rate khac nhau.

Color FiO2 02 Flow
Blue 24% 2 L/min
/ White 28% 4 L/min
/ Orange 31% 6 L/min
’ 35% 8 L/min
Smotp Red 40% 10 L/min
Green 60% 15 L/min
Figure 76. Mdt na Venturi Figure 75. Cdc logi van

b. Hap thu :

Hap thu chu yéu tai phdi, véi toe do trung binh 250 ml/p véi FI02 21% khi nghi ngoi. 02 duoc
khuéch tan truc tiép vao mau va bam dinh vao Hb. Cong thirc lién quan di dugc dé cap trong cac
chuong trugc. Tuy nhién, Oxygen con c6 thé dugc hap thu qua mét s6 con dudng khac nhu da
(1 l/p véi Patm = 760 mmHg), niém mac (khong dang ké) ...

c. Phan phéi :
Sau khi duoc cung cp qua cac hé théng nhu trén, Oxygen s& duoc ton tai trong 3 dang chinh :

1. Khi (ton tai trong cac phé nang phoi )
2. Gan két vai cac phan tir nhu Hb, Myoglobin
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3. Hoa tan (trong huyét tuong)

Theo cac sé liéu caa Nunn trich dan tir cubn Nunn’s Textbook (8" ed 2017, p. 194) thi lugng oxi
s& phan phéi nhu sau néu cho thd oxi F102 100% :

Dang Oxygen duw trir Hit thé khi phong (ml) Sau thé F102 100% (ml)
Dang khi trong phéi (FRC) 450 3000

Bam vao Hb 850 950

Bam vao myoglobin 200 200

Hoa tan trong dich co'thé 50 100

d. Chuyén hoa va thai trir :

Oxygen duoc sir dung & tat ca cac md vi nd gan nhu c6 kha nang khuéch tan tét qua mang té bao.
Chung dugc st dung chii yéu bai ti thé theo chu trinh chuyén héa nang luong hiéu khi va tac
dong tryuc tiép boi enzyme cytochrome ¢ oxidase. C4c san pham cua qua trinh st dung O2 1
H20 va CO2 dugc thai thang vao méau. CO2 tiép tuc dugc van chuyén vé phoi dé thai trir. Sau
day la ty 1é st dung Oxygen luc nghi ngoi ctia cac co quan :

Co quan Mikc sir dung oxi (ml/min) % sir dung oxi

Brain 50 20%
Muscle 75 30%
Heart 25 10%
Kidney 15 7%
Skin 5 2%

2. Tac dung sinh ly caa liéu phap oxi — Dwge dong hoc :
a. Gay kich thich dudng hd hap :

Khi thé oxi véi flow rate cao, bénh nhan thuong hay c6 cam giéc kich thich, khé chiu duong hé
hap do khi O2 khé va lanh. Sy kich thich nay khién cac té bao 1dng chuyén giam van dong, té
bao nhay giam tiét va khién niém mac bénh nhan tén thuong co thé din dén chay mau miii. Do
do6, tha oxi qua mat na Venturi véi khi 02 dugc 1am 4m va am c6 thé han ché dugc cac bién
chitng nay.

b. Tinh doc té bao phé nang cua oxygen :

Oxygen thuong ton tai ¢ trang thai phan tir 02. Tuy OXYGEN TOLERANCE CURY
nhién khi thé oxi liéu cao, oxygen con c6 thé ton |
tai & cac goc tu do cuc ky “active” nhu O2 (-Z, WmJ
H202, OH (-). Cac goc tu do nay co tac hai ton i
thuong té bao do kha ning oxi héa kinh khiang cua

chung. Tac hai caa thé oxi 100% lén nhu mo phoi , e e
duoc goi la Hiéu ttng Lorrain Smith khi 6ng cho il T——

1 — oy SRS 7

cac chd chuot the oxi véi FIO2 70 —80% trong 1 Figure 77. buting cong dung ngp 02

L

g~

—

CNS LIMITS
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tuan, %2 trong s6 chiing tir vong voi phoi sung huyét. Tuy nhién voi mirc do F102 < 60% (50%
theo mot s6 tai lidu) thi tén thwong phdi 1a khong dang ké.

c. Uc ché van chuyén CO2 hay Hiéu uing Haldane :

La hién twong nguoc lai véi Hiéu ung
Bohr hay Bohr’s effect. Haldane’s effect
am chi tinh trang cac phan tir O2 hoa tan
trong mau, chen chuc va canh tranh véi
cac phan tar CO2 mau khi bam vai Hb.
Nhu di biét, van chuyén CO2 trong méu
nho rat nhiéu vao Hb vi ngoai dang
HCO3-, CO2 con dugc van chuyén dudi
dang CarbaminoHb Hb NH — COO. Do
d6, khi nong do 02 mau ting, s& canh
tranh Gc Ché Su bam Hb cua CO2 qua do Figure 78. Bohr effect vs Haldane effect
rc ché sy van chuyén chat khi nay. T

do6, c6 nguy co gy giam pH dan dén rdi loan toan kiém.

d. Uc ché thong khi tir trung khu hd hip :

Pay la truong hop hau hét cac khuyén céo
vé liéu phép oxi déu luu y. Tho oxi liéu cao e
v&i mot ngudi ting CO2 man tinh ¢6 nguy > il
co ic ché hd hap gay giam thong khi phut
va ting CO2 giy toan ho hap. Diéu ndy
dugc ly giai theo sinh Iy nhu sau : & mot
bénh nhan COPD hoac cac bénh ly & dong ,
CO2, viéc diéu khién hoat dong thong khi
ctia cac CCR ¢ trung khu ho hap tro nén

kem hiéu qua. Tir d6 cac PCR dong vai tro ¢ —rarar—— .
chu chot trong nhan cam thieu Pa02 d€ tAng iy 79. 7hay dsi thang khi phit va Paco2 theo Flo2

thong khi. Khi thé oxi liéu cao s€ ting Pa02

tir d6 uc ché di sy diéu hoa thong khi nho cac PCR khién bénh nhan c6 nguy co giam théng khi
gay suy hd hap type 2.

Minute volume

Tuy nhién, mot s6 bang chimg nhu s6 liéu cua Aubier va cong su cong bé nam 1980 khi cho thd
F102 100% & cac bénh nhan COPD thi sé thong khi phat caa ho giam khong dang ké 10 I/p con
91/p nhung PaCO2 ting tir 60 1én 95 mmHg. Do d6, c6 thé c¢6 1 co ché nao d6 két hop gay ra
hién tugng nay chir khdng hin 100% do Pa02 cao wc ché hd hép.
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e. Anh huéng thd oxi 1én tuan hoan phdi :

D& thay néu ta cho bénh nhan th oxi lidu cao, ting du trir O2 trong phé nang thi s& uc ché hién
tugng co mach do thiéu oxi — Hypoxic vasoconstriction. Tir d6, PVR s& giam va dan téi viéc
tang Q hay Luu luong tuan hoan phéi theo dung dinh luat Ohm :

AP

R
Do d6, can can trong khi cho bénh nhan ¢6 tim bam sinh shunt T — P thé oxy luu lwong cao vi ¢6
kha ning ting luong shunt Qp/Qs tir d6 dan dén sung huyét ph6i/OAP va sup tuin hoan hé théng

S6 liéu cua Motley va cong su sau khi cho 5 ngudi khoe manh tho FI02 10% ( Pa02 35 — 40
mmHg) trong 10 phut 1947

Ap suat dong mach phéi — PAP (mmHg)  Thé khi phong F102 21% Thé oxi F102 10% trong trong 10p
PAPs 21.9 35.1

PAPd 6 13

PAPmM 13.1 23

f. Anh hudng thd oxi dén tuan hoan hé théng :

Nhu di dé cap trong bai cac dap ung co thé véi tinh trang ha oxi méu, khi cho bénh nhan thd oxi
lieu cao, sé rc cheé toan b cac dap ung trén. Cac tiéu dong mach, mao mach sé co 1 phan vi mat
dap ung dan mach, mot phan vi oxi lieu cao sinh ra cac goc tu

or et A do gay hiy NO. Khi d6 hé mach ngoai vi tang co khién khang
b 2 vl TS . \ A i AN an ALz
ook = 100% Oxygen, | ATA luc mach mau toan than tang cao. Dicu nay tac dong Ién cac thu

cam ap — Baroreceptors & cung chu kich hoat hé pho giao cam
gay giam nhip tim (FI02 100% gay giam khoang 10 nhip/phut —
Figure 80 dir liéu tir nghién ctru cua Daly va Bondurant 1962),
giam cung lugng tim (va ca cardiac index). Bac biét 1a mach
vanh, hién tuong co mach vanh c6 thé giam cung lwong vanh
dén 30% & cac bénh nhan bi suy vanh man. Pay ciing 1a 1y giai
58 5 4 56 a0 & 2 choviéc, han ché thd oxi cung luong cao & bénh nhan nhdi mau
ot o e €O tim durgC Khuyén céo boi Guideline ESC 2017 vé chén do4n
heart rate. Each point represents mean + SE for 6 rats. Va Xfr trl, STEM I_

«w
(3]
™

FoIATA

[i=]
o
T

3 ATA T

m
o
T

10 ATA
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Figure 80. Thay déi nhijp tim theo Pa02

. Mot sd anh hudng khac cua tinh trang ting oxi mau — Hyperoxemia :

1. Gay giam tudi méu ndo do co mach do hay NO bai cac goc tu do. FI02 100% sé& giam
tudi mau ndo di 13 % (Kety & Schmidt 1948), F102 10% tang 35% (Davis 2009)

Anh huéng chire ndng mot s6 ving caa ndo gay rdi loan nhan thic, co giat ...

Gay ha duong huyét, giam Na+ mau va ting K+ mau

Giam tao EPO

Uc ché mién dich

ok w0
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I11. Céc khuyén céo vé liéu phap oxygen ciia cac nwéc trén thé giéi

1. Téng quan :

Sau khi duoc gidi thiéu vao nam 1917 boi J.S. Haldane thi liéu phap oxygen ngay cang dugc su
dung phd bién va dong vai trd cuc ky thiét yéu trén thé gisi. Tuy cac nude va hiép hoi vé hd hap
cling nhu céc trudng dai hoc 16n déu ¢ cac huéng dan tha oxi trong cp ctru ciing nhu cho bénh
nhan ndi tra nhung guideline chinh thirc dau tién caa thé giéi vé liéu phap oxygen véi cac bang
chung khoa hoc theo xu huéng y hoc chiang ctr dugc cong bd vao nim 2008 boi BTS — Bristish
Thoracic Society hay Hoi 16ng nguc Anh quéc. Sau dé, ban guideline nay dwoc cap nhat hang
ndm va gan nhét 12 2017 véi cac chang ctr, nghién ciu ngay cang thuyét phuc. Mot trong cac
kim chi nam cua Phac dd nay 1a khéi niém sir dung Oxygen nhu mét loai thudc, nham diéu tri
tinh trang giam oxi mau chir khdng phai triéu ching kho tho.

Sau day 1a mot s6 khuyén céo quan trong trong Guideline huéng dan sir dung Liéu phap Oxygen
cho ngudi truang thanh trong hoan canh cap cau cia BTS ¢6ng bd ndm 2017. Luu ¥ Guideline
nay chi cung cap cac khuyén cao vé viéc sir dung oxygen trong 3 trudng hop chinh :

1. Bénh nhan bénh nang — Critical ill hoac bénh nhan giam oxi mau
2. Bénh nhéan c6 nguy co giam oxi mau
3. Bénh nhan khong giam oxi mau nhung c¢é thé duoc hudng loi tir lidu phép oxygen

Mt khéc, guideline s& khong cung cip céc khuyén co vé st dung oxi cho :

Bénh nhan < 16t (thudc vé bén Nhi khoa)
Hoat @ong leo nui

Van tai hang khong

Hoat dong boi 1an

Thi nghiém trén tha vat

Bénh nhan ICU

Liéu phap oxygen cao ap

Bénh nhan dugc ho trg thong khi bang noi khi quan, tha may xam l1an va khong xam lan
(bao gom CPAP)

9. Tu dung oxy tai nha

10. Piéu tri ngoai trd dai han

ONoGak~wWdPE

Cac muc do bang ching duoc xép loai theo SIGN — Scottish Intercollegiate Guideline Network
hay Mang ludi Phac d6 cac Pai hoc Scotland nhu sau :

SIGN MUC PQ CHUNG CU , ,
1++ Cac phan tich gop, bai tong quan h¢ thong cac Thir nghiém 1am sang doi chung ngau
nhién — RCT chat lugng cao hoic cac RCT vai bias thap

1+ Céc phan tich gop, bai tong quan hé thdng cac RCT chét luong tot hodc cac RCT voi
bias thap
1 Cac phan tich gop, téng quan hodc RCT c6 nguy co bias cao

2++ Cac bai téng quan hé thdng céc nghién ctiru bénh chizng hoic cac nghién ciru doan hé
c6 chat luong cao
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Cac nghién cttu bénh chiing hodc nghién ctru doan h¢ chat lwong cao voi nguy co
bias thap va kha nang chirng minh quan hé nhan qua cao.

2+ Cac nghién ciru bénh chiing hoic doan hé chat lwong tét cao voi nguy co bias thap va
kha nang chirng minh quan hé nhan qua cao. ’
2 - Céc nghién ctru bénh ching va doan hé ¢6 nguy co bias cao va moi quan hé kha nang

cao la khéng mang tinh nhan qua
Cac nghién ctiru mo ta
Y kién chuyén gia

~ w

CAC MUC PO KHUYEN CAO

A C6 it nhat 1 phan tich gop, tong quan hé thong hoic RCT
duogc danh gia 1++ va co thé ap dung truc tiép 1én dan s6
dich hoac nhiéu nghién ctiu mirc d6 1+ c6 thé &p dung
truc tiép dén dan sé dich vai hiéu qua 6n dinh

B C6 nhiéu nghién ciru 2++ c6 thé p dung tryc tiép 1én
dan sb dich vai hiéu qua 6n dinh hoic dugc ngoai suy tir
nhiéu nghién cau mac do 1++ hoic 1+

C C6 nhiéu nghién ctru 2+ ¢6 thé &p dung truc tiép 1én dan
s6 dich véi hiéu qua on dinh hoic dwgc ngoai suy tir
nhiéu nghién cau mirc d6 2++

D Mt d6 ching ¢t 3 hodc 4 hoic ngoai suy tir nhiéu
nghién ciru murc do 2+

2. Cac khuyén céo quan trong :
a. Vé khoang d6 bdo hoa oxygen mau mong muon & bénh nhén cap cuu :

1) Céc khuyén céo trong phac d6 nay nham muc dich dat duoc d6 bdo hoai oxygen binh
thudng hodc gan binh thuong cho tat ca bénh nhan cap ctu trir nhitng bénh nhan c6 nguy
co suy ho hép type 2 ting CO2 mau (Mirc d6 khuyén céo D)

2) Do bio hoa oxi mau khuyén cao cho tat ca bénh nhan khong c6 nguy co suy hd hip type
2 12 Sp02 94 — 98 % (Muc do khuyén céo D)

3) Dai vai hau hét bénh nhan tién cin COPD hoic ¢6 nhiing yéu té nguy co cho suy ho hap
type 2 (vd : béo phi, xo nang, di dang 16ng nguc, dan phé quan... ) thi d6 béo hoa oxi
khuyén céo 1a Sp02 88 — 92% trong lic chd két qua khi mau dong mach (Muc do khuyén
cao A cho COPD va d¢ D cho céc bénh ly con lai)

4) Hau hét cac bénh nhan kho tho nhung khong giam oxi mau déu khong huong loi tir ligu
phap oxi. Tuy nhién, néu bénh nhan sut giam Sp02 hon 3% mot cach dot ngot thi can
duogc danh gia k¥ va day co thé la ddu hiéu cip cau. (Mic 6 khuyén céo D)

5) Bénh nhan giam oxi mau con tinh téo vé y thirc nén ¢ gang ngdi & tu thé thang dung
nhét c6 thé (hoac dé chiu nhat) trir khi co cac ly do khéc (vd : chan thuong cot séng)
(Mtc d6 khuyén cao D)
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b. V& chi dinh thuc hién Khi mau dong mach — KMBDM (Mitc d6 khuyén céo D) :

1) Tét ca bénh nhan bénh ning hoic séc (huyét ap tdm thu < 90 mmHg) (D6 D)

2) Bénh nhan giam Sp02 dudi 94% bat ngo hoac khdng thich hop khi dang thé khi phong
hozc tat ca bénh nhan can thé oxi dé dat ngudng > 94%

3) Bénh nhan c6 tinh trang thiéu oxi man tinh hodc c6 nguy co suy ho hap type 2 (vd
COPD) giam Sp02 dot ngdt > 3% hoac tang kho tho

4) Bénh nhan kho thd nghi nhiéu do toan chuyén hoa

5) Nhiing truong hop 14m sang bac si nghi rang két qua KMPM c6 thé c6 ich trong chan
doan va diéu tri.

c. Khaoi dau liéu phap Oxygen : su lua chon cac dung cu thé oxi ban diu cho bénh nhan khong
naguy kich - non critical illness (Mtrc dd khuyén céo D) :

1) Véi bénh nhan khé tha cap khong c6 nguy co suy ho hap type 2 c6 Sp02 < 85% thi nén
bat dau tho oxi véi mat na co tli chira véi luu lwong oxi 15 I/p. Sau khi bénh nhan 6n
dinh, c6 thé diéu chinh luu lwong xubng thanh 1 — 6 I/p qua canulae mii hoac 5 — 10 I/p
qua mat na don gian véi Sp02 dich tir 94 — 98%.

2) Trong cac trudng hop giam oxi méau cap — kho thé cap khac khdng nguy kich hozc co
nguy co suy ho hip type 2, diéu tri nén bit dau véi thé oxi qua cannulae mili hoic mat na
don gian véi Sp02 dich 94 — 98%

3) Néu tho oxi ndng do trung binh qua cannulae mili hoic mat na don gian khong dat Sp02
dich thi nén chuyén sang thd mat na c6 tdi chua.

d. Tho oxi cho bénh nhan nguy kich — critical illness (Mirc @6 khuyén cdo D) :

1) St dung oxi véi nong do cao nhat cé thé trong khi hoi sirc tim phoi cho bénh nhan. Mot
khi tuan hoan hoi phuc va do bdo hoa oxi méau co thé dugc theo ddi vai Sp02 thi duy tri
Sp02 dich 94 — 98% va lam KMPM nham dinh hudng diéu tri. Néu KMPM cho thay
suy ho hap type 2 thi duy tri Sp02 88 — 92% hozc xem xét thong khi co hoc.

2) Véi bénh nhan nguy kich bao gém cac chan thuong niang, nhidm tring, séc va séc phan
vé thi bit dau thd oxi vi mat na 6 tdi chira luu lwong 15 1/p nham Sp02 dich 94 — 98%.

3) Trong cac trudng hop bénh nhan chét dudi, Sp02 dich van 1a 94 — 98% mat khi hdi phuc
duoc tuan hoan.

4) Véi bénh nhan co giat do dong kinh hoic nguyén nhan khac, tho oxi liéu cao nén duoc
bat dau cho dén khi do duoc Sp02. Sp02 dich 1a 94 — 98% va 88 — 92% vai bénh nhan cé
nguy co suy ho hap type 2.

5) Trong truong hop chan thuong dau, Sp02 dich 1a 94 — 98%. Nén bét dau bang tha oxi
lidu cao v&i mat na 6 tai chira 15 1/p trong luc cho KMPM hoic dat noi khi quan thanh
cong.

6) Trong cac truong hop ngd doc CO, Sp02 khong chinh xac vi chdng khong phan biét dugc
HbO2 va HbCO nén Sp02 dich ludn 13 100% bang cach the qua mat na ¢ tui chira 15
I/p.
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e. Liéu phap thé oxi cho cic trudng hop dic biét thudng cin thd oxi (Mitc @6 khuyén céo D) :

1)
2)

3)
4)

5)

6)

7)

8)
9)

Vi bénh nhan 1én con hen cap, nham dén Sp02 94 — 98%.

V6i bénh nhan viém phdi, khd the do ung thu phdi, tran khi mang phai, ,tran dich mang
phdi, dot cap bénh phdi mé k& - xo phdi, thuyén tic phdi, suy tim, hoi ching nguc cap —
hong cau hinh liém, réi loan chuyén hda — than khong nguy co suy ho hap type 2 thi
nhém dén Sp02 94 — 98%

Vi bénh nhan tran khi mang phéi khdng choc hat thi duy tri thé oxi cung lwong cao 15
I/p trir khi bénh nhéan c¢6 nguy co suy ho hip type 2.

Vi bénh nhan thiéu mau, kho tho cap thi duy tri Sp02 94 — 98% va 88 — 92% néu bénh
nhan ¢ nguy co suy hé hap type 2.

Vi bénh nhan nhdi mau co tim, duy tri Sp02 94 — 98%. Luu ¥, theo Phac d¢6 hudng dan
chan doan va diéu tri STEMI cia ESC 2017 thi thg oxi liéu thap duoc chi dinh véi bénh
nhan NMCT véi Sp02 < 92%, do d6 nén bat dau thd oxi néu Sp02 < 92 va duy tri 94 —
98% Vi oxi liéu thap.

Vi bénh nhan nhdi mau ndo, tranh tha oxi ndng do cao. Sp02 dich 1a 94 — 98% hosc 88
—92% v&i bénh nhan nguy co suy ho hap type 2.

Trong hau hét cac truong hop ngd doc, Sp02 nén duy tri 94 — 98%. Ngoai trir truong hop
ngd doc Paraquat va Bleomycin, chi cho thé oxi khi Sp02 < 85% va ngung néu Sp02 >
88%

Véi bénh nhan dau dau dang chum — Cluster headach thi oxi nén duy tri téi thiéu 12 I/p
Oxygen nén duoc bat dau trong cac trudng hop trén véi cannulae miii trir khi ¢ cac chi
dinh khac.

f. Tho oxi & bénh nhéin c6 nguy co suy hd hip type 2 (Mirc 6 khuyén cdo D) :

1)

2)

3)

4)

V6i hau hét bénh nhan COPD hoic c6 nguy co suy ho héap type 2 thi Sp02 dich 1a 88 —
92% trong ldc cho két qua KMPM
Véi céc bénh nhan COPD hoic c6 nguy co suy ho hap type 2 trong tinh trang kho tho
cap thi nén bat dau tho oxi lidu thap vai mat na Venturi 24% 2 — 3 I/p (hoac Venturi 28%
4 1/p hoac cannulae miii 1 — 2 I/p) vai Sp02 dich 88 — 92%.
Véi nhitng bénh nhéan chua c6 tién cin COPD nhung 16n hon 50 tudi, €6 tién can hut
thudc 14 1au dai, kho thd man tinh khi géng stc nhe hoac khong c6 tién can bénh ly khac
gay kho tho thi nén duge diéu tri nhu bénh nhan COPD. Hd hap Ky can dugc 1am it nhat
1 1an véi cac @i tugng bénh nay trong sudt thoi gian nhap vién.
Xir tri cap ctiu cho cac bénh nhan COPD hoic nghi ngy COPD :
a. Su dung mat na Venturi 24% 2 — 3 I/p hodc cannulae miii 1 — 2 |/p hoac Venturi
28% 4 I/p véi Sp02 dich 88 — 92%
b. Néu Sp02 < 88% du di thd oxi qua mat na Venturi 28% thi doi sang thé cannulae
miii 2 — 6 I/p hoac mat ha thuong > 5 I/p véi Sp02 dich 88 — 92%
c¢.  Néu nhip thé bénh nhan > 30 1/p, thi luu lwong khi oxy phai cao hon luu luong
tran ciia mat na Venturi nham bu trir cho tdc do hit thé cia bénh nhan. Luu ¥ du
tang luu luong oxi nhung khong lam thay d6i ndng do oxi cung cap.
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d. Néu két qua KMPM cho biét pH va PaCO2 méu binh thudng, thi chuyén Sp02
dich 1én 94 — 98%. Chi duy tri miic 88 — 92% dbi véi cac bénh nhan ¢4 tién can
suy hd hap type 2 can thong khi khdng xam lan hoic thong khi &p luc duong ngit
quang hodc Sp02 binh thuong khi 6n dinh cta bénh nhan 1a < 94%. KMDPM nén
duoc lap lai mdi 30 — 60p.

e. Néu két qua KMPM cho thidy PaCO2 ting nhung pH > 7.35 va/hoic HCO3 (-) >
28 mmol/L thi bénh nhan c6 kha nang tang CO2 mau man tinh do d6 duy tri Sp02
88 — 92%.

f. Néu két qua KMBM cho thay suy hd hap type 2 PaCO2 > 45 mmHg va pH < 7.35
thi bat dau thong khi khéng xam lan.

g. Khi bénh nhan 6n dinh, ¢ gang chuyén tir thé qua mat na Venturi vé thd qua
cannulae mi.

5) V4éi tat ca bénh nhan c6 nguy co suy hd hip type 2 nhu béo phi, xo nang, bénh ly than
kinh co déu nén dugc xir tri twong ty bénh nhan COPD

a. Lam 4m oxygen (Muc dd khuyén cdo D) :

1. Lam am dong oxi khdng can thiét khi the oxi cung luong thap hoic thé cung luong cao
ngan han. Tuy nhién, oxi nén duoc khuyén céo lam am véi bénh nhan tho cung lugng cao
> 24h hoic 6 triéu chang khé chiu duong ho hap trén do khoé.

2. Lam am dong khi cling c6 loi trong trudng hop bénh nhan co ting tiét dam. N6 gitp bénh
nhan dé khac dam ra hon. Loi ich nay ciing dat duoc qua phun khi dung NaCl 0.9%

h. Giam liéu va ngung liéu phap thé oxi (Mic @6 khuyén céo D) :

1. Giam ndng d6 oxi véi bénh nhan 1am sang 6n va Sp02 trong khoang dich > 4h

2. Nén giam liéu phép thé oxi vé mic 2 1/p thong qua cannulae miii trudc khi ngung hoan
toan. Vi bénh nhan c6 nguy co suy ho hap type 2 c6 thé vé muc 1 I/p (hoac 0.5 I/p)
cannulae mii trude khi ngung liéu phap oxygen.

3. Liéu phap oxygen nén dugc ngung néu 1am sang bénh nhan 6n & muc oxi liéu thap va
Sp02 nam trong khoang dich trong 2 1an tham kham lién tiép.

4. Sp02 nén duoc theo ddi lién tuc trong 5p sau khi ngung liéu phap oxi. Néu Sp02 van nam
trong khoang dich thi theo doi lai sau 1h.

5. Néu, 1am sang bénh nhan 6n va Sp02 trong khoang dich sau khi ngung liéu phap oxi 1h
thi bénh nhan da thanh cong trong viéc cham dut lidu phap the oxi mot cach an toan

6. Néu Sp02 giam dudi ngudng dich sau khi ngung liéu phép oxi thi phai bét dau lai voi liéu
thip nhat c6 thé duy tri Sp02 trong khoang dich. Theo d&i Sp02 trong 5p. Néu Sp02 n
dinh trong khoang dich thi tiép tuc liéu phap oxi véi luu lugng d6 va thir ngung oxi lai
vao ngay hdém sau.

7. Néu bénh nhan can luong oxi cao hon binh thuong dé giir Sp02 & khoang dich thi can
tham kham 1am sang dé xem xét ki hon nguyén nhan c6 tinh trang té di nay.
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k. Céc Iuu d6 tho oxi :
Is the patient critically ill? -
[See Table 1 and section 8.10)

Is this patient at risk of hypercapnic respiratory fallure? [Type 2 Respiratory Failure)

The main risk factor is severe or moderate COPD [Especially with presious Respiratory Failure or on Long Term Owygen).

Other patients al risk include people with severe chest wall or spinal diseasze {e.g. kypho-scoliosis), newre-muscular disease, severe obesity,
cystic fibrosis, broncheectasis of previously un-recognesed COPD

Marcotic [ sedative gverdase not covered by this algarithm- see Table 4 and section 8,13.5

| |

Yes No
Targat saturation i S8-52% or level on alert card Aim for Spd; 54-98%.
whilst awaiting bloed gas results

| |

Spid; £ 4% an air or oxygen or il requiring ooygen
Start 2E% or 24% axygen ar 1-2 |fmin nazal axygen b schieve above tangets
and ohtain blood gases (Redwos FIO if Sp0; = 92%
or above rangs stated on alert card) l l
\ -
Commence axygen, as per tabbas 2 Mo
or 4 and chack blood gases

pHE7.35ar[H ] r
=45 nmolfL and
PCO; = 6.0kPa
Hypercapnia
Iiomitar
l 5o,
Cxygen not
raguirad
Treat with 24-28% uprless
Venturi mask o 1-2 POO; 3 6.0 kPa* saturation
{Mormal ar low)

I min nasal caygen falls below
1o keep SpO; target range,
Detwean B8-921% 1

Titrate cocygen to malntain

target range 94 = S8% and

repeat gases in 30-60 mins,
fepeat blood gases if target saturation not
at 3060 minutes: achieved, seek senior M saturatian
- If Raspiratory review. falks bielaw
Acidosis (pH < 7.35 943, titrate
or |H-| = 45 nmolfL If PCO; Fises = B.0kPa: supplemental
and PCO; > 6,0) *With known risk of OXYREN 1o
senk immadiate hypercapnia, re-sat tanget malntain
SENEIT FEVipW, range to B89 %. target rangn
consder N CL. "Without known risk of af G4-98%

hypercapnia, maintain and check
Cansider reducing range 94-98% and seek blood gases.
FID; if PO, 2 BJD kPa. immediate semior neview

Ay increase in FIO? must be follewed by repeat blood gases in 1 hour (or sooner if consciows level deteriorates)
Figure 81. Chi dinh thd oxi v&i bénh nhdn khé thé cép
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Bpnk madicl adhica 1 Venturi 24% 2-3 I/min* Nasal cannulae 1 1/min 5igns of Respiratory
patient appears to 4 4 Deterioration
need increasing -
owygen therapy or if + 1 Resp Rate
there is a rising NEWS v v [especially if >30)
or Track and Trigger Wanturi 28% 4-6 |/min Wasal cannulae 2 |/min «  fhspoz
scone & 4 » 1 oxygen dose
Whita needed to keep
5p02 in target range
v v « 1 Ews/Trigger
Wenturi 35% 8-12 |fmin Nasal cannulae 4 1 min o
F'y
Yellaw
CO,_ Retention
L J = Dirowsiness
; F *  Headache
All Patients must - WVanturi 40% 10-15  Masal cannulze or . Pished s
hawve ABG or Earlobe I'min simple face mask at 5-6 B T
Blood Gases (ELBG) Ifmin
within 1 hour af Seek Medical
requiring increased
R Ventur 6G0% 12-15  or Simple face mask
I'min 710 |fmin

Reserviodr mask at 15 [fmin Cuygen
flow

If Reservoir mask required, seck
senior medical input immediatehy

* Far Venturi masks, the higher flow rate is required if the respiratory rate is =30

Figure 82. Lwu db tdng gidm oxi cho bénh nhén nhép vién
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