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CHUONG 4
SINH LY HOC HO HAP

I. Chirc nang thong khi
1. Bdc diém cdu tric chire ning
1.1. Long nguc

Long nguc dong vai trd quan trong trong qué trinh théng khi, dugc cdu tao nhu mot
khoang kin:

- Phia trén 1a c6, gdm céc bé mach than kinh 16n, thuc quan va khi quan.

- Phia duéi 1a co hoanh, mot co hd hap rat quan trong, ngan cach véi 6 bung.

- Xung quanh la cdt song, 12 d61 xuong suon, xuong uc, xwong don va cac co lién suon
bam vao, trong dé quan trong la cac co ho hap.

Khi cac co ho hap co gidn, xwong sudn s€ chuyén dong lam kich thudc cua 16ng nguc
thay doi va phoi co gian theo, nho d6 ma thé duogc.
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Hinh 1: So’ d6 phdi va duwong din khi
1.2. Pudng dan khi

DBuong dan khi 1a mot hé théng ong, tir ngoai vao trong gdm cé: mili, hong, thanh quan,
khi quan, phe quén, phé quan di vao hai 13 ph01 Trong la phdi, cac phe quan chia nhanh nhiéu
lan, tiéu phé quan tan, tiéu phé quan ho hap, cudi cing nho nhat 13 éng phé nang dan vao cic
phé nang (Hinh 1).

Ngoai chirc ning dan khi, dudng dan khi con c6 cac chire ning quan trong khac:
- Diéu hoa lugng khong khi di vao phoi

- Lam tang kha nang trao d6i khi ¢ phoi

- Bao vé phdi

S& di nhu vay 1 nho duong dan khi c6 nhitng dic diém cau tao sau day :
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- Niém mac ¢6 hé théng mao mach phong pht dé sudi 4m cho ludng khong khi di vao,
¢6 nhiéu tuyén tiét nudc dé bio hoa hoi nudc cho khong khi. Khong khi duoc sudi 4m va bio
hoa hoi nudc s& lam ting téc do trao ddi khi - .

& phoi.
- Niém mac mili c6 hé thong 16ng dé can cac
hat bui 16n, niém mac phia trong c6 nhiing
tuyén tiét ra chat nhﬁy dé gitlr lai céc hat bui
nho, dudng dan khi cang vao trong cang hep
va gap khuc nén bui dé bi giir lai hon. Ngoai
ra, cac t& bao niém mac cua khi phé quan
con ¢6 hé théng 16ng rung (hinh 2), ching
lay dong theo chiéu tir trong ra ngoai, co tac
dung déy bui va chit dich & dong trong
duong ho hap ra ngoai. Mot trong cac chat
liét cir dong 16ng 1a khéi thude 14, do d6 dé
gy nhiém khuan phoi. Hinh 2: Céu tric 16ng dwong din khi

- Khi quan va phé quan cu tao bang nhimg vong sun, nhd d6 dudng dan khi ludn rong
m¢& khong khi luu thong dé dang. O cac phé quan nho, cé hé thong co tron (co reissessen),
cac co nay co thé co gian dudi tic dung cia hé than kinh ty dong lam thay do6i khau kinh cua
duong dan khi dé€ diéu hoa lugng khong khi di vao phoi, than kinh giao cam lam gian co, than
kinh phé giao cam lam co co. Khi 16p co tron nay co that s€ gay con kho tho.

1.3. Phéi va mang ho hap

Phéi 12 mot t6 chirc rit dan hoi, duoc cu tao co ban bdi cac phé nang. Py 1a noi chit
yeu xdy ra qua trinh trao doi khi. Ca hai phdi cé khoang 300 triéu phé nang. Tong di¢n tich
mit bén trong cia cac phé nang rat 16n, khoang 70m? - 90m?” va do 1a dién tiép xuc giita phé
nang va mao mach phoi.

Xung quanh cac phé nang dugc bao boc béi mot mang mach mau rat phong phu. Thanh
ph¢ nang va thanh mach mau bao quanh tao nén mot cau truc dac biét dong vai trd quan trong
trong vi¢c khuéch tan khi gitra mau va phé nang goi la mang ho hap. Mang ho hap rat mong,
trung binh 0,5 (m, noi mdéng nhat chi khoang 0,2 (m (Hinh 3).

Mang hé hép ¢6 6 16p :

- L6p dich 16t phé nang chira chat hoat dién (Surfactan) lam giam strc cing mat ngoai
cua dich phé nang.

- Biéu m6 phé nang 13 nhimg té bao biéu moé det.

- Mang né biéu mo.

- Khoang k& rat hep giita biéu mo phé nang va mao mach.

- Mang nén mao mach, c6 nhiing doan hoa I4n véi mang nén biéu mé.

- Lép ndi mac mao mach.

Nhu vy, cdu tao cua phdi co cac dic diém phu hop hoan toan véi chirc ning trao ddi
khi : dién trao d6i 16n, mach mau phan bo phong pht , mang hé hap rat mong.

Luong mau chira trong hé mach phéi khoang 60 - 140 ml, duong kinh mao mach chi
5(m, nhu vdy hong cau di qua phai tu kéo dai v mang hong cdu quet sat vao mang mao
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mach, do d6 khi khuéch tan rat thuén loi.

Té bao tiét Té bao bidu md det
Surfactan thanh |1I|n nang

Nhén té bio
bién mi

= o =
biéu mé-mao mach

eal n
Bidu md mao mach

Phé nang Hong ciu \—Li phé nang
Hinh 3: Céu tao mang hé hép
1.4. Chét hoat dién va stic cang mit ngoai

Bén trong long phé nang dwoc 16t boi moét chat dic biét goi 1a chéat hoat dién
(Surfactant) la chat 1am giam strc cang mit ngoai do cac té bao biéu mo phé nang typ II bai
tiét, cac té bao nay chiém 10% dién tich ctia phé nang.

Chat hoat dién c6 cac chtrc ning rat quan trong nhu

-Ngéan can céac chat dich tir mach mau tran vao long phé nang, néu khong c6 surfactant,
cac phé nang s€ bi tran dich dan dén suy ho hap cap.

- Lam giam suc cang bé mat cua thanh phé nang, giup cho cac phé nang gian ra dé dang
trong lic ho6 hap, chinh vi vy, néu khong c6 chat surfactant, sirc cing bé mit ting 1én, cac
phé nang kho gidn ra ma ludn c6 xu hudng xep lai.

- Gitp 6n dinh 4p suét trong 10ng cac phé nang dé tranh hién tuong xep va vd phé nang.

Chét surfactant giam ¢ nhitng ngudi hat nhiéu thudc 14, nhitng bénh nhan bi tdc mach
mau phoi va dac biét 1a ¢ tré so sinh dé non, phdi khong c6 surfactant, cac phé nang s€ bi xep,
v0 hodc tran dich gay ra suy ho hap nang dan dén tr vong.

Phoi ¢6 dén 300 triéu phé nang véi dudng kinh phé nang xdp xi 0,3 mm, ciu tric nhu
vay s€ khong 6n dinh. Strc cang mat ngoai sé€ tao ra luc co xep cac phé nang déc biét cac phe
nang nho s€ c6 khuynh hudng xep.

Duya theo dinh luat Laplace : 4p suat bén trong phé nang, ciing nhu céc vat réng chung,
duogc tinh theo cong thic : P = 2T /1, trong do T 1a stic cdng mat ngoai va r 1a ban kinh
phé nang. Nhu vay phé nang cang nhé tao ap suat cang 16n, voi xu thé xep phé nang cang
manh, s& bom khi sang phé nang to khién c6 xu hudng cang to thém, do lai tinh khong 6n
dinh ctia phé nang.

Trén thuc té, diéu nay khong xdy ra nho 3 co ché :
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- Céc chét hoat dién lam giam strc cing tao vach xo gitr khung phé nang khoi xep, dong
thoi khi phé nang co nh¢ thi lam tang té bao tiét chat hoat dién, do d6 lam gidm suc cang
khién phé nang no ra.

- C6 hién tuong phu thude 13n nhau gitra cic yéu té 1a phé nang, ng phé nang va céac
khoang khong khac, cac yéu td ndy c6 chung vach va nep giit nhau.

- Mbi don vi chitc ning gdm mot hodc vai dng phé nang, kem theo cac phé nang, duoc
bao boc bang mot vach xo, ¢6 14 xo tham nhap vao nhu mo, t6 chirc xo nay tang tinh 6n dinh
ctia phé nang.

1.5. Mang phdi va 4p suat am khoang mang phbi
Mang phoi gdm hai 14 : 14 thanh dinh vao 16ng nguc va l4 tang dinh vao phoi.

Hai 14 khong dinh nhau ma chi ap sat vao nhau tao nén mot khoang 4o kin goi 1a khoang
mang phoi, trong khoang chi chira mdt it dich nhon gitip 2 14 c6 thé trugt Ién nhau mét cach
dé dang.

Bang thi nghiém, nguoi ta thdy ap suét trong khoang mang ph01 thip hon 4p suét cia
khi quyén va dugc goi la ap sudt am (néu qui udce ap suit khi quyén bing 0).

bé chimg minh ap suat am do, co thé choc kim tiém qua co lién suon ¢ thanh nguc,
mili kim nim ¢ khoang mang phdi, dudi kim ndi vi mot ap ké, ap ké s& chi ap suat am ké ca
luc nging thd va cang am hon khi hit vao

Phéi c6 tinh dan hdi do cac soi dan hdi nén ludn c¢6 khuynh hudng co lai nho hon thé
tich ctia 16ng nguc, 14 tang bi kéo tach khoi 14 thanh nén thé tich khoang mang phdi c6 khuynh
huéng tang 1én. Khoang mang phdi 1a mot khoang kin, theo dinh luat vat 1y, trong mot binh
kin, & nhiét do khong doi, khi thé tich binh c¢6 khuynh huéng ting 1én thi ap suit trong binh s&
giam xudng thip hon 4p suét bén ngoai binh, chinh vi vdy ma khoang mang phdi c6 ap suét
thap hon ap suat khi quyén (hinh 4).

La tang

Khoang mang phdi

La thanh

Hinh 4: Co ché tao 4p suat Am khoang mang phdi

Ap suat 4m ciia khoang mang phoi con chiu sy chi phéi cua sy thay doi kich thudc cua
16ng nguc khi thé, nén gia tri ctia né thay ddi theo chu ky ho hép, khi phdi cang nd & thi hit
vao thi lyc dan hoi cang 16n nén ap suit cang am va khi phoi xep bét ¢ thi tho ra thi ap suat
bét 4m hon :
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- Hit vao binh thuong : - 6 mm Hg ; - Thé ra binh thuong : - 2,5 mm Hg

Trong truong hop ho hap ging sirc thi gia tri nay s¢ thay d01 16n hon : hit vao hét stc 1a
- 30 mmHg va tho ra hét stc 1a - 0,5 dén 0 mmHg, xap xi 4p suat khi quyén.

Y nghia sinh 1y ctia 4p suat 4m khoang mang phdi rat quan trong :

- Pé co 4p suét am, 1ong nguc phai kin, 4p suat 4m lam 14 tang ludn dinh vao 14 thanh
nén phdi s& co gidn theo cir dong 16ng nguc. Khi 4p sudt am mat di, phdi s& khong co gidn
theo lé)ng nguc nira dan dén rdi loan ho hép. Diéu nay thé hién o & nhitng bénh nhan bi vét
thuong 16ng nguc hd, khong khi tir bén ngoai di qua vét thuong tran vao khoang mang phoi,
khi d6 4p suat khoang mang phoi can bang vai ap suat khi quyén, do tinh dan hdi phéi s& xep
lai. Khi bénh nhan tho, khong khi s& di ra di vao khoang mang phdi thong qua vét thuong,
phdi hau nhu khong co gidn theo dong tac hd hap 1am bénh nhan bi suy ho hap.

- Nho 4ap suat Am nay nén trong long ngyc ludn c6 ap suat thip hon cac ving khéac. Vi
vy, mau tir cac noi theo tinh mach tro vé tim rat dé dang.

- Ap suit 4m 1am cho tuan hoan phdi c6 ap suét rat thip tao thuén loi cho tim phai bom
mau lén phoi, dat bi¢t 1a luc hit vao 4p suat cang &m hon, mau 1én phodi ciing nhiéu hon cung
luc @6 phan ap O, trong phoi cling cao hon, sy trao doi khi xay ra tot hon.

2. Co hoc thong khi
2.1. Khai ni¢m
Thong khi 1a qua trinh luu thong cua dong khong khi gitra khi quyén va phé nang hay

c6 thé néi d6 1a qua trinh dua khéng khi giau O, it CO; tir khi quyén vao phé nang va nguoc
lai dwa khong khi nghéo O, nhiéu CO, tir phé nang ra ngoai.

2.2. Pong tac ho hip
Qua trinh thong khi duoc thuc hién thong qua cac dong tac ho hap.

Muc dich cua dong tac ho hép 1a thay d6i kich thudc cua 10ng nguc dé 1am phoi co gidn,
tao nén mot su chénh léch ap suit giita phe nang va khi quyén. Sy chénh léch ap suat d6 c6
tac dung hat khong khi tir ngoai vao phé nang va nguoc lai day khong khi tir phé nang ra
ngoai.

2.2.1.Dong tac hit vao

Hit vao 1a dong tac chu dong tén nang luong, c6 tac dung hit khong khi tir ngoai vao
phe nang. Khi bat dau hit vao thi cac co hit vao co lai lam kich thudc cta long nguc ting Ién
theo cé 3 chiéu:

- Tang chiéu thang ditng

Chiéu thang dimg ting 1én do co hoanh co lai. O trang thai tho ra, co hoanh bi day 1én
cao do 4p luc cua cac tang trong b bung. Khi co hoanh co lai, n6 s€ ha thép Xuéng lam tang
chiéu théng ding cua léng nguc. Co hoanh cé dién tich khé rong, khoang 250 cm?, vi vay chi
can ha 1 cm 13 d3 lam tang thé tich 10ng nguc 1én khoang 250 ml. Khi co hoanh co hét mic,
n6 c6 thé ha xubng 7 - 8 cm lam ting thé tich 10ng nguc tdi da dén 2 lit. Do vdy, co hoanh 1a 1
co ho hép rat quan trong. Khi co hoanh bi li¢t, bénh nhan s€ bi suy ho hép nang co thé tir
vong.

- Tang chiéu truoc sau va chiéu ngang

Hai chiéu nay tdng 1én do céc co hit vao dic biét 1a co lién sudn ngoai co lai.
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O tu thé tho ra, cac xwong sudn nam chéch xuong dudi va ra trudce, khi cac co nay co
lai s€ chuyén xuong sudn sang tu thé ndm ngang va rong ra hai bén lam ting chiéu ngang,
xuong tc cling dang 1én va nho ra phia trudc lam tang kich thude trude sau cua 10ng ngue.

Khi kich thudc cta 16ng nguc tang 1én theo ca 3 chiéu, 14 thanh s€ bi kéo tach khoi 1a
tang lam thé tich khoang mang phdi c6 khuynh huong tang 1én va ap suit khoang mang phoi
giam Xuong Khi 4p suit khoang mang ph01 giam xuong dat duoc gia tri khoang -6 mm Hg,
ap sudt am nay s€ kéo phdi gidn ra theo long nguc. Phoi gidn ra, ap suat bén trong cac phé
nang s€ giam xuong thap hon 4ap suét khi quyén bén ngoai va khong khi tir bén ngoai s& bi hut
tran vao cac phé nang.

Pong tac hit vao binh thudng, c6 khi 1a vo ¥ thirc, huy dong vao phdi luong khi ching
gan nura lit goi 1a thé tich khi luu thong.

Hit vao t6i da 1a ctr dong theo ¥ mudn, thém su tham gia ciia co ¢c don chim nang
xuong uc, co serratie trudc nang nhi€u xuong sudn va co scalen nang hai xuong suon trén.
bong tac nay huy dong thém vao phoi mdt lugng khi hon 1 lit goi 1a thé tich du trir hit vao.

Khi quan

PHOI

Hinh 5 : Cir dong hé hip cia 1ong ngwe va co hoanh
2.2.2. Bong tac thd ra

Khi ngung hit vao, cac co hit vao s€ gian ra, dudi tac dung cua lyc dan hdi, cac xuong
suon ha xudng, co hoanh bi cac tang 6 bung day 1én cao 1am kich thudc 1ong nguc giam theo
ca ba chiéu. Kich thudc 16ng nguc giam thi p suat khoang mang phéi s& ting 1én. Khi 4p suat
khoang mang phéi tang 1én dat dugc gid tri khoang -2,5 mm Hg, do lyc dan hoi, phéi s€ co
lai, 4p suat bén trong cic phé nang ting 1én cao hon ap suat khi quyén bén ngoai va khong khi
bi day tir phé nang ra ngoai.
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Nhu vay, dong tic thd ra binh thudng 13 mot dong tac thu dong véi ap suit khoang
mang phoi khoang -2,5 mm Heg. O bénh nhan hen phé quan, dong tac tho ra rat kho khan, vi
vy bénh nhan phai tho ra gang strc, ap suat khoang mang phdi ting Ién cao thdm chi c6 thé
duong. Ap sut khoang mang phoi cao nhu vay s& gop phan cung cac yéu t6 khac gy ra ting
ap luc tudn hoan phdi va 1am ning ganh that phai, din dén suy that phai.

Tho ra tdi da 1a cir dong theo y muqfr)n, co vai tro cua cac co lién suon géy ha thap cac
Xuong sudn va vai tro cia cua cac co thang bung day tang bung néng cao co hoanh v¢é phia
long nguc. Pong tac nay day thém luong khi ra khoi phoi goi 1a thé tich dy trit thd ra (Hinh
5).

3. Khodng chét va théng khi phé nang
3.1. Khoang chét

Khi ta hit mot lvgng khong khi vao, khong phai toan bg lugng khi nay déu tham gia trao
d6i voi mau ma chi c6 phan khong khi di dén dugc cac phé nang binh thuong moéi thyc sy
tham gia trao doi, phan con lai nam trong duong dan khi va trong cac ph€ nang bat thuong thi
khong tham gia trao doi. Thé tich khong khi khong tham gia trao d6i nay goi la khoang chét.
Co hai loai khoang chét :

3.1.1. Khoang chét giai phiu

La thé tich khi chura trong dudng dan khi, binh thuong khoang 150 ml.
3.1.2. Khoang chét sinh Iy

Bang khoang chét giai phau cong voi thé tich khong khi chira ¢ cac phé nang bt
thuong mat kha nang trao doi khi nhu: bi xo hoa, thuyén taic mao mach quanh phé nang.

O nguoi binh thuong, khoang chét giai phau bang khoang chét sinh ly, nhung ¢ nhing
bénh nhan bi hen phé quan, khi phé thung, xo hoa ph01 hogc thuyén tdc mach mau ph01 thi

khoang chét sinh 1y 16n hon khoang chét giai phau diéu nay gay bat loi cho su trao d6i khi vi
luong khong khi thyc sy tham gia trao d6i giam xudng.

3.2. Thong khi phé nang

Do c6 khoang chét nén luong khong khi thuc su tham gia trao doi dén phé nang trong 1
phut, bang thé tich khi luu thong trir di khoang chét. Néu khi thé binh thuong, thé tich khi luu
thong 1a 500 ml thi lwong khong khi thuc sy trao ddi trong mot lan tho 1a :
500 ml - 150 ml = 350 ml

Vay tdc do thong khi phé nang trong 1 phut 13 :

350 ml x 12 (tan sb tho /phit) = 4200 ml/phit
Trong khi d6, trong 1 phut thong khi toan phoi 14 :

500 ml x 12 = 6000 ml/phut

Thong khi phé nang méi 1a thong khi httu hi€u, thuc sy mang oxygen dén co thé. Do d6
thong khi phé nang 1a mot trong nhiing yéu té chinh quyét dinh nong d6 O, va CO, trong phe
nang va mau. Cho nén két qua sau cing cua co hoc thong khi 1a phai dya trén thong khi phé
nang.

Nhu vay, trong mot s6 diéu kién bénh 1y, cac phé nang bi pha huy vach s€ khong con
chie nang trao doi khi do d6 lam tang khoang chét va s€ lam giam thong khi phé nang. Ngoai
ra, ki€u tho cling lam anh hudng dén thong khi phé nang, thd nhanh va can s€ c6 thong khi



phé nang kém hon 13 thd chdm va sau cho du ¢6 ciing mot thé tich thong khi.

Vidu: Thé nhanh va can Thé cham va sau
-Nhip the : 20 lan/phiit 10 lan/phiit
-Khi lwu thong : 300 ml 600 ml
-Théng khi phéi/phii: 6000 ml 6000 ml

-Théng khi phé nang: (300 - 150) x 20 = 3000 ml (600 - 150) x 10 = 4500 ml

4. Céc thé tich, dung tich va luu hrong thé
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Pé do chuc nang thong khi phoi, nguoi ta thuong sir dung may do thong khi hay con goi

13 ho héap ké hoic phé dung ké, qua d6 c6 thé do dugc cac thong sé ciia thong khi phoi.

Thong khi phdi duoc do theo nhip hd hép va theo céac gia tri cua cac thé tich phmqkhéc
nhau. Nguoi ta phan bi¢t thé tich phoi tinh va cac luu luong phé quan hay la cac thé tich

dong.
4.1. Cac thé tich va dung tich tinh ciia phoi
C6 4 thé tich va 4 dung tich thé (Hinh 6) :
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Hinh 6 : Céc thé tich va dung tich tinh caa phdi
4.1.1. Thé tich luu thong (TV: Tidal volume)

La luong khong khi mot 1an hit vao hodc thé ra binh thuong. Binh thudng khoang 500

ml, nam cao hon nir.

Tuy nhién, khong phai toan bg thé tich nay déu tham gia trao doi khi ma phai trir di thé
tich khoang chét, phan thyc sy tham gia trao doi chi khoang 350 ml. Vi vay, néu the tich luu

thong qué thap thi sy thong khi khong hitu hiu.
4.1.2. Thé tich du trix hit vao (IRV:Inspiratory reserved volume)

La thé tich khong khi ta c6 thé c¢b gang hit vao thém nita sau khi d4 hit vao binh thuong,

con duge goi 1a thé tich khi bo sung.
Binh thuong khoang 2000 - 3000 ml.
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4.1.3.Thé tich duy trit tho ra (ERV: Expiratory reserved volume)

La thé tich khong khi ta c6 thé cb ging tho ra thém nira sau khi da thd ra binh thudng,
con goi 1a thé tich du trir ciia phoi.

Binh thuong khoang 800 - 1200 ml.
4.1.4. Thé tich cin (RV: Residual volume)

La thé tich khong khi con lai trong phdi sau khi di tho ra hét stc, day 1a luong khong
khi ma ta khong thé nao thé ra hét duogc.

Binh thuong khoang 1000 - 1200 ml.
Thé tich can cang 16n, cang bat 1gi cho su trao ddi khi.
4.1.5. Dung tich séng (VC:Vital capacity)

Theo quy udc, mot thé tich khong khi duoc goi 1a dung tich ho hip khi né gém tong cua
hai hay nhiéu thé tich ho hap.

VC 1a s khi t6i da huy dong duoc trong mét 1an thd, gdm tong cta 3 thé tich:
VC=IRV + TV + ERV
4.1.6. Dung tich can chtc nang (FRC: Functional residual capacity)

La s lit khi c6 trong phoi cudi thi thd ra binh thuong, tirc 1 & vi tri nghi tho, cac co hd
hap thu gian hoan toan, bao gom tong cua 2 the tich:

FRC =ERV + RV

Dung tich can chirc nang c6 y nghia lon trong su trao d6i khi, chinh lugng khi ndy s&
pha tron voi khong khi ta méi hit vao, sau do hon hop khi nay moi tryc tiép trao doi véi mau.
Dung tich cin chic ning c6 nong do O thap, CO; cao. Vi vay, néu dung tich can chirc ning
cang 16n thi hdn hop khi cang c6 nong d6 O, thap CO, cao, cang bét lgi cho sy trao ddi khi.

Dung tich cin chirc nang binh thudng khoang 2500 - 3000 ml, cao & bénh nhan hen phé
quan, khi phé thiing... Dung tich c¢in chtc ning giam di khi ching ta thé siu, khi d6 gid tri
cua dung tich can chuc nang chinh la thé tich can. Vi vay, trong cac hoat dong thé luc (lao
dong, luyén tap), tho sau la diéu rét can thiét.

4.1.7. Dung tich toan phdi (TLC : Total Lung capacity)
La tong s6 lit khi tdi da c6 trong phdi, gdm tong céc thé tich:
TLC =IRV + TV + ERV + RV hoac
TLC = vC + RV
Binh thuong khoang 5 lit.
4.1.8. Dung tich hit vao ( IC : Inspiratory capacity)
La s lit khi hit vao duoc t6i da ké tir vi tri nghi tho thu gidn
IC=TV +1RV

Dung tich séng 1a lwong khi huy dong duoc tirc 13 thd ra ngoai duoc nén cé thé do bang
may Spirometer. Dung tich song la mot chi so danh gia thé luc.

Thé tich can 13 lwong khi khong huy dong dugc tirc khong thé ra ngoai duoc nén khong
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thé do truc tiép bang may Spirometer.
4.2. Cac thé tich dong va cac luu lugng tdi da

Dung tich song thé manh (FVC : Forced Vital capacity) chinh 1a dung tich song chi
khac 1a do bang phuong phap thé ra manh. Trén dd thi tho ra manh, c6 thé tinh duoc thé tich
dong va cac luu lugng phé quan (Hinh 7).

4.2.1. Thé tich tho ra tbi da trong gidy dau tién (FEVI : Forced expiratory volume)

La s6 lit tdi da tho ra dugc trong gidy dau tién. Day 1a mot thé tich ho hap quan trong
thuong dugc dung dé danh gid chirc nang thong khi.

Thé tich nay duoc sir dung dé danh gid xem duong dan khi c6 bj tic nghén hay khong,
ddc biét trong bénh hen phé quan. Dé danh gia FEV1, ta phai dua vao dung tich song. Thuong
bang 80% dung tich song.

FEV1 giam trong cac bénh co rdi loan thong khi tic nghén nhu: hen phé quan, khéi u
bén trong hodc bén ngoai duong dan khi. Ngoai ra, FEV1 cling giam trong cac bénh: xo hoa
phoi, gian phé nang .

Nguoi ta con dya vao dung tich sdng (V'C) dé danh gia thé tich tho ra tdi da trong gidy
dau tién (FEV1) qua chi so Tiffeneau, duoc tinh nhu sau:

Tiffeneau =

FEV, 100%
C

Thong sé nay giam 1a 14 ddu hiéu gian tiép cia tit nghén phé quan 16n.
4.2.2. Cac luu luong tho ra tdi da

- Céc luu luong tho ra téi da & cac quing cia dung tich song : FEV 0.2-1,2 (thong s6
nay it dung); FEV 25-75% la luu lugng tir vi tri 25% dén vi tri 75% cua VC da tho ra, thong

sd nay rat nhay, biéu hién rdi loan thong khi tit nghén giai doan dau khi cac luu luong trén
con binh thuong.

- Luu luong thé ra dinh PEF (Peak expiratory flow) : luu luong tirc thi cao nhét dat
dugc trong mgt hoi thé ra manh, binh thuong khong qué 0,5 lit.

- Luu lugng tdi da tai n}(f)t s6 diém xac dinh cia FVC, thong dung nhat 1a MEF
(Maximal expiratory flow) & diém con lai 75%, 50% va 25% cua FVC ky hi¢u la MEF75,
MEF50 va MEF25

Céc luu luong t6i da tirc thoi trén cing dugc st dung dé danh gia gian tiép thong khi tat
nghén, tic sy trd ngai duong dan khi.

II1. Chirc niing trao d6i va van chuyén khi

Sau khi’phé' nang da duoc thong khi, budc tiép theo cua qua trinh ho hép 1a sy k}luyéch
tan O2 tir ph€é nang vao mao mach phoi va CO, theo chi€u nguoc lai. Sauq khi trao doi, mau
tinh mach tr¢ thanh mau dong mach cé phan 4p O, cao, CO; thap so véi t6 chuce, d6 1a dong
luc cho su trao doi khi ¢ t0 chirc.

1. Nguyén tac vt Iy ciia khuyéch tan khi qua mang hé hap
1.1. Co sé vat Iy cua khuéch tan khi

Céc khi ho hép 1a nhitng phan tir don gian, di chuyén tu do, do d6 sy khuéch tan chinh

la sy van dong cia cac phan tir khi hoa tan trong dich va t6 churc cta co thé.
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Su khuyéch tan dugc thuc hién doi hoi nang luong, nguén nang lugong dé van dong
khuéch tan chinh 1a sy van dong hoc. Cac phan tr déu ludn & trang thai van dong truor khi &
nhi¢t do Oo tuyét ddi. Cac phan to tu do van dong voi tdc d6 nhanh theo duong théng roi va
vao phan tir khac va tiép tuc nhu thé mai.

Céc chit khi ho hap khuéch tan theo bac thang ndng dd, tic di tir noi ndmg do cao dén
noi nong do thap.
1.2. Dinh luat khuéch tan

Sy khuéch tan qua t6 chtic theo dinh luat Fick. Pinh ludt ndy xac dinh ring : van tbc di
chuyén cua mot chat khi qua t6 chure ti 1€ thudn véi bé mat t6 chire, voi su chénh 1éch nong do

khi va ti 1& nghich véi bé day to chue. Nong d6 khi cang cao cang c6 nhiéu phén tir dap vao
bé mat giap khi va cang tao ap suét cao hon.

Ngoai ra khi cac chat khi & dang hoa tan trong céc dich thi sy khuéch tan qua t6 chirc
con theo dinh luat Henry véi cong thirc :

Nong d6 khi hoa tan
Ap suat =

H¢ s0 hoa tan

Chang han cic phan tr CO, duoc phan tir nue hap din nén phan tr nay hoa tan dé
dang. Khi ap suat bi€u thi bang atmotphe va ndng d6 bang thé tich khi hoa tan trong mét don
vi thé tich nudc, thi hé s hoa tan cac khi ho hap 1a :

Oxy 0,024 Nito 0,012
Carbon dioxid 0,57 Heli 0,008
Carbon monoxid 0,018

1.3. Khuéch tan khi qua mang ho hap

Sau khj hé thong co hoc hd h?’lp da thuc hién su théng, khi phé nang, budc tiép theo s& 1a
su van chuyén khi qua mang ho hap, day la qua trinh khuéch tan va la giai doan quan trong
nhat cua thong khi tai phoi.

Vung trao d6i khi & ph01 hay con goi 1a ving ho hap bao gdm tiéu phé quan ho hap chia
thanh cac 6ng phé nang va dén cac tai phé nang.

1.3.1. Sy trao d6i khi qua mang phé nang-mao mach

Khi mubn qua mang phe nang- mao mach thi phai qua mang ho hap nhu da trinh bay va
con phai qua mang té bao hong cau cing nhu 16p té bao chat trong hong ciu ma oxy phai
vuot qua dé két hop voi Hb. Thanh phan khi vao dén phé nang nhu sau :

Po, = 100 mmHg; Pcor = 40 mmHg; Pxy = 573 mmHg; Py =47 mmHg
Mau ¢ phan ddu mao mach phdi c6 cac phan ép :
Po2 = 40 mmHg; Pcor = 46 mmHg; Pxy = 573 mmHg; Pypg = 47 mmHg

Do c6 su chénh 1éch phén ap cta cac loai khi hai bén mao mach phé nang ma sy khuéch
tan qua mang hé hap s€ xdy ra hoan toan thu dong tir noi ap suat cao dén noi ap suat thap. Su
khuéch tan khi qua mang ho hap dat dugc su can bang rat nhanh va gan 100%.

O cudi mao mach phoéi mau thay déi nhu sau :
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Po2 = 99,9 mmHg; Pcor = 40 mmHg; Pxy = 573 mmHg; Prpo =47 mmHg.

Tuy nhién mau d6 vao tinh mach phoi con c6 mau dén tir cic mao mach nudi ron phoi
va to chuc phoi, mau tir tinh mach vanh d6 thang vao that trdi nén mau dong mach dén mod
Po; con 95mmHg.

1.3.2. Cac yéu t anh hudng dén téc d6 khuéch tan khi (D) qua mang ho hip

Cong thic vé sy khuéch tan khi qua mang ho hép véi bé day cua mang ho hip la
khoang cach d gitra hai noi khuéch tan :

AP x A xS
D =

d x PTL

9P : su chénh 4p cang 16n thi tbc do khuéch tan cang nhanh.

A : dién khuéch tan cang lon, van tdc khuéch tan cang nhanh. Khi dién tich mang giam
nhu trong cat phoi, khi phé thung thi cuong do trao doi giam gay thiéu oxy mau.

S : la d6 tan cua khi trong dich, cac khi h6 hép rat d& tan trong m& nén qua cac 16p cua
mang ho hap dé dang, tuy nhién mang trao doi con ¢6 cac 16p dich nén chat khi nao hoa tan
trong nudc cang dé thi van toc khuéch tan cang 16n.

D : 12 bé day ciia mang ho hip cang 16n thi van tdc khuéch tan cang giam.

PTL : phan t luong cua khi cang 16n thi cang cham khué'chqtén, do dé voi mot su
chénh ap khoang 1 mmHg thi d6 khuéch tan ciia mot loai khi qua phéi s€ tuy thudce vao ti 1¢
S/PTL con gQi’ 1a h¢ s6 khuéch tan. HE so khuéch tan ctia CO; 1a 16n nhat, gap 20,7 1an O, do
d6 van deé khuéch tan thuong chi dat ra déi véi O, ma thoi.

1.3.3. Kha nang khuéch tan qua mang ho hap

Kha ning khuéch tan cia mang ho hip 13 sé mililit khi di qua mang trong mot phut,
dudi tac dung chénh 1éch phan 4&p 1 mmHg.

Kha nang khuéch tan quan trong nhét 1a ddi voi oxy (CO; khong thanh van d¢), thudng
duoc do gian tlep qua carbon monoxid, 1dy két qua roi nhan voi hé sé 1,23 nguoi ta ¢o tri sd
kha ning khuéch tan oxy.

Kha nang khuéch tan oxy lac nghi 1a 20 ml/phat/mmHg. Khi thé binh thuong, chénh ap
hai bén mang ho hap 1a 11 mmHg thi lyc khuéch tan 20 ( 11 = 220 ml oxy qua mang mdi
phut, day la nhu cau oxy co the lic nghi.

Khi van co manh, kha nang khuéch tan oxy qua mang ting nhiéu, & cac van dong vién
tré cd the dat t&i1 65 ml/phut/mmHg.

1.3.4. Ti I¢ thong khi- tudi mau (VA / Q)

Binh thuong, Ivu lugng khi vao ph01 tirc thong khi pho1 hay thong khi phé nang (VA)
khoang 4 lit/phut, con luong mau 1én phdi tie tudi mau phdi ( Q) 1a 5 lit /phut.

Tile¢ VA/Q=0,81atil¢ thong khi - tudi méau binh thuong.

Trong diéu kién sinh 1y, & dinh phdi ap suat méau rat thap, thap hon ap suat khi trong phé
nang, mao mach xep, tw6i mau Q giam nhi€u so voi thong khi VA do d6 ving nay c6 khoang
chét sinh ly. Nguoc lai ¢ day phoi, thong khi it hon binh thuong, dé 1a shunt sinh ly.
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Trong trudng hop bénh Iy nhur bénh phdi-phé quan tit nghén méan tinh, sy gidn phé nang
va huy hoai vach phé nang dan dén hau qua : (1) cac phé nang khong dugc thong khi do tat
nghéin cac tiéu phé quan, VA /Q gan bang 0, d6 1a cac mach shunt sinh ly (2) ting khoang
chét sinh 1y vi vach phe nang bi huy mau khong dén ma cac ti phé nang khong vach van
dugc thong khi, Q xap xi bang 0, ti 16 VA / Q rét cao, gan vo cuc. Trong trudng hop nay kha
nang trao ddi khi giam co thé chi con 1/10.

Nhu vay dé dam bao su trao d6i khi tot, can co sy twong xtng giira thong khi va tudi
mau : nhitng noi CO, phé¢ nang cao, mao mach ph¢ nang sé co lai nghia la mau khong dén
nhitng noi thong khi kém; nguoc lai khi khong dén nhitng noi mau it chay qua.

2. Mdu vin chuyén Oxy
2.1. Céc dang Oxy dugc van chuyén trong mau

Phén ap oxy trong mau dong mach la 95 mmHg, thé tich oxy duoc van chuyén 1a 19,8
O/dl mau ¢ dudi hai dang : dang hoa tan va dang két hop v6i hemoglobin. Trong d6 dang ket
hop véi Hb 1a 19,5 ml chiém 97% thé tich oxy chd dugc.

2.1.1. Dang hoa tan

Binh thuong Po, mau dong mach 95 mmHg thi ¢6 khoang 0,3 ml oxy tan trong 100ml
mau trong d6 ¢6 0,17 ml nhuong cho mo, so voi 5 ml do Hb dem dén cho moé thi qua it.
Luong oxy hoa tan ti 1¢ thudn véi ap suat riéng phan oxy ph¢ nang.

2.1.2. Dang két hop v6i hemoglobin
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- bay la dang van chuyén chu yéu ciia O, & trong mau. Hemoglobin véan chuyén O,
bang cach gan O, vao nguyén tir Fe" cua nhan Hem tao nén Oxyhemoglobin (HbO;). Phan
g gan nay rat 16ng 1éo nén O, c6 thé gin vao hodc tach ra d& dang:

Hb + O, =— HbLO,
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1 gam Hb c6 thé van chuyén 1,34 ml O2.

Trong 100 ml mau c6 khoang 15 gam Hb nén 100 ml mau c6 thé van chuyén t6i da 20
ml O,, nhung thuce té chi c6 khoang 97( Hb két hop véi O, tic 14 ¢6 khoang 19,5 ml O, duoc
Hb véan chuyén trong méau dong mach. - O phdi Po; cao, oxy két hop thanh HbO,, dén mé Po,
thap, oxy lai tach khoi hemoglobin. D6 thi biéu dién phan trim bao hoa oxy vao hemoglobin
theo phéan ap oxy 1a mot dudng cong chir S goi 1a dd thi phéan ly oxyhemoglobin hay con goi
1a d thi Barcroft (hinh 8).

Qua db thi ghi nhén, trong khoang phan 4p O, thip (20 - 40 mm Hg), do thi 13 mot
duong doc dung, ching t6 rang khi phan ap O, ting tir 20 mm Hg 1én 40 mm Hg, toc do két
hop ting 1én rat nhanh, hay c6 thé néi ngugc lai khi phan 4p O, giam tir 40 mm Hg xudng 20
mm Hg téc do phan ly tang lén rat nhanh. Diéu ndy c6 y nghia sinh ly hét sirc quan trong : &
t6 chirc ¢6 phan ap O, rat thip (< 40 mm Hg), diéu ndy s€ co tac dung tang cuong phan Ung
phan ly HbO, do mau déng mach mang dén dé cung cap O cho t6 chirc. Trong khoang phan
ap O, cao (80 - 100 mm Hg), d6 thi la mot duong gan nhu nam ngang, ching to khi phan ap
0, tang tir 80 mm Hg 1én 100 mm Hg tdc d6 két hop ting 1én khong bao nhiéu, hay ¢ thé noi
khi phan ap O, giam tir 100 mm Hg xudng 80 mm Hg, phan trim bdo hoa O, ctia Hb giam rat
it. Vi vay, mic du phan ap khi troi va phé nang c6 thé dao dong nhiéu nhung ty 16 HbO2 &
trong mau dao dong rat it.
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Hinh 9 : Sy dich chuyén db thi phéan ly ciia oxy duéi tic dong ciia pH, PCO, va nhiét do

Nhu véy, ngoai chirc nang van chuyén oxy, hemoglobin con c6 chiic ning dém oxy
giup PO, trong mau khong bi bién dong, mac du PO, phé nang thay doi lon.

- Cac yéu té anh hudng dén su két hop va phan ly HbO; :

+ Phan ap CO; (Pcon)

Khi Pco, thip, ting phan tng két hop, dudng cong chuyén trai. Khi Pco, cao, ting phan
ung phan ly, duong cong chuyén phai.

Hién tuong nay goi la hiéu img Bohr : Mau ¢ mod co6 nhiéu CO2 thi khién nhudng oxy
thém cho md, khi Ién phoi CO; thai di, CO; thap lai gdy lay thém oxy cho méau.
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+ Nhiét do ting lam ting phan ly HbO, duong cong chuyén phai
+pH giam lam ting phan ly, duong cong chuyén phai, nhu vay khi van co, tao nhiéu
ion H', do toan mau tang thi hemoglobin tu dong nhudng thém oxy cho moé. (Hinh 9).

T Chat 2,3 diphosphoglycerat co nhiéu trong héng cau, khi ting 1am ting phan ly giy
chuyén phai d6 thi Barcroft vi chat nay ciing gan vao hemoglobin. 2,3 diphosphoglycerat
hong cau tdng khi Ién vung cao, khi van co va gidm khi mdu bi trit lai trong ngdn hang mau.
2.2. Méu lay oxy ¢ phdi va nhuong oxy & mo
2.2.1. Mau lay O, & phoi

Khi mau tinh mach dén phéi, do chénh 1éch phan ap O, gitra phé nang va mau (100 mm
Hg/ 40 mm Hg), gay khuéch tan O, sang mao mach phdi, sé& tiép tuc khuéch tan vao hong cau

va két hop v6i Hb tao thanh Oxyhemoglobin, tong luong O, ciia mau ting 1én, mau chira
khoang 19,8 ml O, trong 100 ml mau, tré thanh mau dong mach, rdi phoi dé di dén to chure.

2.2.2. M4u mao mach nhuong oxy cho t6 chuc
Khi méu dong mach dén td chtc, do chénh léch Po, gitra mé’u va td chirc
(95 mm Hg/<40 mm Hg), O, khuéch tan nhanh qua t6 chirc 1am Pq, trong huyét tuong giam

xuong chi con 40 mm Hg, khi d6 HbO; ¢ trong hong cau s& phan ly va O, di ra huyét tuong
roi di vao to chic. Dung tich O, ciia mau giam xudng, chi con chtra 15 ml O, trong 100 ml
mau, tré thanh mau tinh mach rdi t6 chie di dén phoi .

Nhu vay, cir 100 ml mau sau khi di qua t6 chtrc da trao cho t6 chirc mot lwong O, 1a:
19,8 ml-15ml=4,8ml.

Hiéu suit st dung O, cua td chure 1a:
4,8 x100%
19,8

= 24%

Hiéu suit st dung O, phu thudc vao tinh trang hoat dong ctia cac co quan. Khi hoat dong
manh, hiéu suat st dung O, tang 1én c6 thé dén 75%.

3. Mau van chuyén carbon dioxid (CO;)

CO; dugc van chuyén va thai dé dang vi c6 hé so6 khuéch tan rat cao. Lugng carbon
dioxid trong mau anh hudng l6n dén can bang toan kiém cua céc dich co thé.

3.1. Cac dang CO; duoc van chuyén & trong mau

CO; duoc van chuyén trong mau dudi 3 dang : dang hoa tan, dang bicarbonat va dang
carbamin. Cac dang van chuyén nay lam thanh mot tong thé, trong doé cac bd phan tuong tac
nhau thyc hién chirc nang van chuyén khi.

3.1.1 Dang hoa tan

7 Mot luong nho carbon dioxid 1€n t&i phéi du,éi dang hoa tan, cir 100 ml mau thi Véu}
chuyén khoang 0, 3 ml CO; dudi dang hoa tan, chiém khoang 7% toan lugng CO, 1én phdi.

3.1.2. Dang bicarbonat

Pay 1a dang van chuyén chu yéu chiém gan 70(. Cac bicarbonat dugc hinh thanh qua
phan ung :
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AC
CO, + H,O ez H,CO; ez H+ + HCOs-

Phan tmg tha nhét xay ra rat cham trong huyét twong nhung lai xay ra rat nhanh trong
hong cau nho enzym carboanhydrase (CA) Phan (mg thir hai xay ra rat nhanh trong hong cau
ma khong c6 mat CA. Phén 16n ion H' gin ngay vao hemoglobin (Hb) vi Hb la chat dém toan
kiém rat manh. Con phan 16n ion carbonat khuéch tan sang huyet tuong d6i chd cho ion
clorua tir huyét tuong vao hong cau Day 1a hién tuong véan chuyén d6i chd qua mang nho mot
protein mang bicarbonat-clorua nam trén mang hong cau. Hién tuong ndy goi 1a sy di chuyén
jon clorua hay hién twong Hamburger. Y nghia hién tuong nay 1a huyét twong chi mang CO,
hoa tan qué it, con tr n6 khong tao dugc bicarbonat la dang mang nhiéu CO,, nho enzym CA
trong hong cau nén phan tng thir nhit xay ra nhanh dong thoi 1ap tic acid carbonic ion hoa
cho bicarbonat va huyét twong doi ion clorua ctia minh 14y ion bicarbonat tir hong cau ra.

3.1.3. Van chuyén CO, dudi dang carbamin

Chiém khoang 23 % Carbon dioxid gan vao nhom NH; cua phan tir hemoglobin va cua
protein tao nén cac hgp chat carbamin, trong dé c6 chat carbaminohemoglobin (HbCO,) 1a
quan trong vi mang CO; nhi€u gap 4 lan hop chat carbamin vdi protein. Cac hop chat nay gan
CO; I6ng 1éo va thai CO, & phoi.

3.2. Pd thi phan ly carbon dioxid va hiéu ing Haldane

Tat ca cac dang van chuyén CO, déu co thing bang dong véi nhau va téng lugng
carbon dioxid trong mau ti 1& voi phan ap carbon dioxid (Pcoz). Hinh 10 biéu thi mdi twong
quan nay va duogc goi 1a do thi phan ly carbon dioxid. Pco, chi dao dong trong pham vi hep tur
40 mmHg ¢ mau dong mach dén 45 mmHg ¢ mau tinh mach. Nhu vay ¢ t6 chirc téng luong
CO; 12 52 ml/100 ml mau dén phdi xudng con 48 m1/100 ml , nghia 13 cir 100 ml méau thi van
chuyén duoc 4 ml CO; tr mo ra phéi.
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Hinh 10 : P4 thi thé hién méi twong quan giira PCO2 va tong lwong CO2 trong mau

Hiéu tmg Haldane 1a tac dung cta su gan oxy vao hemoglobin & phdi lam day CO; ra
khéi mau va tac dung ctia sy nhuong oxy cho mé dé mau lay thém CO,.

3.3. Mau nhan CO, & mé va thai ra & phbi
3.3.1. Mau lay CO, 6 mb
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Khi mau dong mach dén to chuc, do chénh Iéch Pco, gitra to chirc va mau (>46 mm
Hg/40 mm Hg), CO, tir t6 chtic khuéch tan qua mang mao mach vao huyét twong, vao hong
cau. O d6, khoang 20%CO, sé& két hop véi Hb tao thanh HbCO,, con khoang 75% két hop vai
nudce dudi tac dung cua enzym CA tao nén H,COs, H,COj; s€ phan ly va HCO;5™ roi h6ng cau
di ra huyét twong, HCOj3 s& két hop v6i Na" hodc K™ dé tao nén dang van chuyén chu yéu 1a
bicarbonat. Pong thoi ion clorua tir huyét twong di vao hong cau, goi 1a hién twong
Hamburger. Dung tich CO, ctia mau 1ap tuc tdng 1én, mau chira khoang 52 ml CO; /100 ml
mau véi phan ap 46 mm Hg, tr¢ thanh méau tinh mach roi to chirc dé dén phoi (Hinh 11)

3.3.2. Méu thai CO2 & phoi

Khi mau tinh mach dén phdi, do chénh léch Pco, gita mau va phé nang
(46 mm Hg/40 mm Hg), CO; khuéch tan qua mang ho hap di vao phé nang lam phan ap CO,
trong huyét twong giam xuong con khoang 40 mm Hg. Lic d6, ¢ trong hong cau, HbCO, s&
phan ly va CO, di ra huyét twong rdi di vao phé nang, dong thoi trong huyét tuong céc
bicarbonat s& phan ly va HCO;™ di vao hdong cau. O d6, HCOs hop véi H' tao nén H,COs,
H,CO; bi khtr nude va CO, di ra huyét twong dé vao phé nang. Qua trinh phan ly HbCO, &
phdi cang dugc thic ddy do & day ¢ Po, cao (hiéu tmg Haldane).

Dung tich CO, ctia mau lap tirc giam xudng chi con khoang 48 ml CO»/100 ml mau véi
phan ap 40 mm Hg, tré thanh mau dong mach roi phéi theo cac tinh mach phdi vé tim dé di
dén t6 chirc (hinh 12).

Nhu vay, sau khi di qua phoi, ¢ 100 ml mau tinh mach da thai ra & phdi khoang 4 ml
CO,, v6i luu lugng tim lac nghi khoang 5 1it/ phut, thi lwong CO, thai ra & phdi mdi phit
khoang chung 200 ml.
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Hinh 11: Mau nhin CO, ¢ md Hinh 12: Mau thii CO, é phoi

IV. Piéu hoa hé hap

H6 hap 12 mot qué trinh khong ty ¥ nhd su diéu khién ty dong cta trung tdm ho hip ¢
hanh tuy va cau nao.

O nhing trang thai khac nhau cua co thé, hoat dong ciia trung tim ho hap can phai diéu
chinh dé gitt Poy, Pcoa, pH méu chi thay doi trong gidi han hep. Trung tam hé hap duoc dicu
chinh kip thoi tuy theo tinh trang cta co thé theo hai co ché : co ché thé dich va co ché than
kinh.
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1. Trung tam hé hdp

Trung tim ho hap 1a nhitng nhom té bao than kinh d6i xtmg hai bén va nam rai rac ¢ hanh
ndo va cau ndo. Moi bén ¢6 3 nhom dic¢u khién ho hap cua nira 16ng nguc cung bén (h. 13)
-Nhém noron hé hap lung gay hit vao.
-Nhom noron hé hap bung giy thé ra hodc hit vao tuy noron.
-Trung tdm diéu chinh ndm & phan lung va trén cia cau nio.

Giita 2 nhom c6 su lién hé ngang voi nhau dé 2 nira 1ong nguc c6 cung mot nhip tho.
1.1. Nhém noron hé hép lung

Pam nhiém chirc ning hit vao va chirc ning tao nhip thd. Nhom nay kéo dai hét hanh
ndo, cac t€ bao than kinh trong nhém nay lién hé chat ché vdi bé don doc, day 1a dau tan cung
cua hai day cam giac IX va X dem xung dong tir cac receptor cam thu ap, cam thu hoa & ngoai
vi va tir nhi€u loai receptor & phdi, dem tin hi€u v€ trung tdm ho hap nham kiém soat thong
khi cho phu hop Po, va Pco, trong mau.

Ving nay phat ra cac xung dong gy hit vao c6 nhip mot cach tu dong cho du cit moi
lién lac than kinh di t61 n6. Déu dén theo chu ky, vung hit vao phat ra nhitng ludong xung dong
di xudng lam co céc co hit vao gy nén dong tac hit vao, sau d6 ngung phat xung dong, cac co
hit vao gian ra gay nén dong tac tho ra.

Tan sd phat xung dong cua trung tim hit vao khoang 15 - 16 lan/phut, tuong tmg véi
nhip tho binh thuong luc nghi.
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Hinh 13 : CAu tao trung tim hé hip

1.2. Nhém noron ho hap bung

C6 chue ning thd ra 13n hit vao, nhém nay nam phia truéc bén cua nhém lung. Khi ho
hap nhe nhang binh thudng, ving nay khong hoat dong. Khi hd hap gang suc, tin hicu tu
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nhém noron lung lan sang thi nhém noron bung méi tham gia diéu khién hé hip. Nhom nay
quan trong khi thd ra manh, khi do, c6 cac luong xung dong di xuong lam co cac co tho ra,
gay nén dong tac thd ra gang suc.

1.3.Trung tdm diéu chinh tho

Trung tdm nady lién tuc truyén cac xung dong dén ving hit vao. Xung dong nay tc ché
xung dong gy hit vao ciia nhom noron lung. Xung dong tir trung tdm diéu chinh manh thi
thoi gian hit vao ngan, d6 nira gidy di tho ira ngay gy nhip thd nhanh, nguoc lai xung dong
yéu thi dong tac hit vao kéo dai téi 5 gidy hodc hon gay nhip thd cham.

2. Piéu hoa hé hdp theo co ché thé dich

Yéu t6 tham gia diéu hoa hé hap bang thé dich quan troling nhat 13 CO,, ké dén 1a ion
H', con oxy khong c6 tac dong truc tiép 1én trung tdm ho hadp ma gian tiép qua cic cam thu
hoa ¢ ngoai vi.

2.1.Céc receptor hoa hoc
2.1.1. Receptor hoa hoc ¢ hanh ndo

Nam ¢ phan bung ctia hanh nio, canh trung tim hé hép, c¢6 vai tro kich thich céc no ron
hit vao lam ting thong khi khi nong do H' trong dich no tity hoic dich k& ctia ndio ting 1én.

2.1.2. Receptor hoa hoc ¢ ngoai vi

Nam & xoang dong mach canh va quai dong mach chi, tir ddy c6 cac nhanh hudng tim
theo ddy than kinh IX va X 1én hanh ndo. Khi néng d6 O, mau giam, néng d6 H" hoic CO,
mau ting s& kich thich vao céc receptor nay va tir ddy s& co nhitng ludng xung dong theo
nhanh hudng tdm di 1én hanh no kich thich trung tdm ho hip lam ting thong khi .

2.2. Biéu hoa ho hip do nong d6 CO, mau

Nong do CO; mau dong vai tro rit quan trong. Khi ndng d6 CO, méu ting sé tac dung
kich thich ho hap theo 2 co ché:

-CO, kich thich tryc tiép 1én cac receptor hda hoc ¢ ngoai vi, tir day c6 ludng xung dong
di 1én kich thich vung hit vao lam tang ho hap.

-CO, thich thich gian tiép 1én receptor hod hoc &
hanh nao thong qua H" : CO, di qua hang rao mau nio
vao trong dich k&. O do, CO, hop vo6i nudce tao thanh
H,CO3;, H,CO3 s€ phan ly va H" sé& kich thich 1én
trung tdm nhan cam hoa hoc nam & hanh néo, tir day
¢6 ludng xung dong di dén kich thich vung hit vao lam
tang thong khi. Vi CO, di qua hang rao mau ndo rat dé
dang nén co ché gian tiép nay dong vai tro quan trong
(hinh 14). €O + O

Néng d6 CO, binh thuong & trong mau cé tac Hiing rio mau ndo | | |
dung duy tri hoat dong cua trung tam ho hap.

/' Receptor hda hpc o hanh na

H* + HCO;
1

Trung tdm hit vdo

H,COn

*
— CO, HCO, =

Khi nong do CO, giam thap dudi mirc binh T
thuong s€ e ché vung hit vao gay giam thong khi va
c6 thé ngung thé. Hinh 14: Piéu hoa hd hép ctiaCO, thong qua H

Khi nhiém toan, néng d6 CO, mau ting s& kich thich gdy ting cuong ho hip, muyc dich
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dé tang thai CO,. Khi nhiém kiém, néng d6 CO, mau giam sé& wrc ché 1am giam ho hap, muc
dich dé gitr CO;, lai.

2.3. Diéu hoa ho hap do nong d6 H' mau
Khi H' ting 1én sé& kich thich 1am ting ho hap theo 2 co ché :
-Kich thich truc tiép 1én cac receptor hoa hoc ¢ ngoai vi.

-Kich thich truc tiép 1é€n receptor hda hoc & hanh ndo, tuy nhién, tdc dung nay cua H
yéu hon so v6i CO, vi ion H' kho di qua hang rao mau dich nio tuy.

Tac dung ctia H' ciing giup cho bo may ho hip cé chirc ning diéu hoa thiang bang toan
kiém cho co thé.

2.4. Diéu hoa ho hép do néng do O, mau

Binh thudng, ndng do O, khong co tac dung diéu hoa ho hip,chi tic dong dén ho hip
khi phan 4p trong méau giam rat thap (< 60 mm Hg ) trong mot so di€u ki€n bénh ly hodc van
co manh, khi do, né s€ tac dong vao céc receptor hda hoc & ngoai vi lam tang thong khi.

2.5. Su tuong tac cua 3 yéu t6 hoa hoc O,, CO, va pH
Tac dung ctia mdi yéu tb trén déu lién quan mat thiét véi nhau :
- Po, thap s& 1am tang thong khi phé nang thong qua sy tang hiéu luc ctua CO,.
-pH gidm ciling 1am tang hi¢u qua cua CO,.

3. Piéu hoa hé hdp theo co ché than kinh

3.1. Xung dong than kinh tir cam thu quan ngoai bién

Khi kich thich ngoai da nhu vd nudc lanh, giy dau co thé lam ting thong khi. Cac
receptor nhan cam ban thé & khép, gan, co cung v6i1 nhiing kich thich tir vé ndo da kich thich
trung tAm hé hap lam ting thong khi rit sém va manh.

3.2. Xung dong tur cac trung tdm cao hon
3.2.1. Trung tim nudt & hanh nio

Khi trung tdm nu6t hung phénvsé phat xung dong dén e ché ving hit vao. Vi vay, khi
nuot chung ta khong thd, muc dich dé thirc an khong di lac vao dudng ho hap.
3.2.2. Vung duéi ddi

Khi thén nhiét tang 1én s€ kich thich vao vang dudi doi, tir day s& phat sinh ludng xung
dong di dén kich thich vung hit vao lam tang thong khi, gitip thai nhiét.
3.2.3. Vo ndo

V6 ndo c6 thé diéu khién dugc trung tim ho hip, vi vy ta c6 thé ho hap chu dong. Diéu
nay co y nghia quan trong trong luyén tap. Khi v6 néo bi tc ché (ngti, gdy mé...), hoat dong
ho6 hap giam xudng. Xiic cam, sg hai ciing 1am thay ddi ho hap, c6 khi gay ngimg tho.

3.3. Ddy than kinh X

Phan xa thé ra do cac cam thy cing gidn nam & thanh tiéu phé quan va phé quan truyén
vé qua day X chi xay ra khi thé tich khi Iuu thong trén 1,5 lit do d6 day 1a mot phan xa bao vé
phé nang khéi bi cang phong hon 1a co ché di€u hoa nhip binh thuong.
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