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Chuong 9
Roi loan can bang acid - Base

I. Dai cwong
1. Y nghia ciia pH mau

Hau hét cac phan ung chuyén hoa xay ra trong co thé luén doi hoi
mét pH thich hop, trong khi d6 phan 16n cac san pham chuyén hoa cua n6
lai 6 tinh acid lam cho pH ¢6 khuynh hudng giam xudng.Vi du: Su oxy
hoa hoan toan chat hydrat carbon va md, moi ngay sinh ra khoang 22.000
mEq CO,. CO; hoa hop v6i nude hinh thanh acid carbonic (H>COs). Mt
khac con c6 khoang 70 mEq chat axid ¢6 dinh (acid khong bay hoi) hinh
thanh tir cac ngudn chuyén hoa khac: cac axid hitu co (acid lactic, acid
pyruvic, aceton) sinh ra tir st oxy hoa khong hoan toan chat hydrat carbon
va md va céc acid co dinh dudi dang sulfat (tr oxy hoa céc acid amin co6
chura sulfua), nitrat va photphat (tir oxy hda cac phosphoprotein).

Tuy cac chét chuyén hoa acid dy:qc hinh the}nh mot cach lién tuc nhu
véy nhung pH cua cac dich hitu co van it thay doi la nho co thé tu duy tri
pH bang cac hé¢ dém trong va ngoai té bao, su dao thai acid ctuia phdi va
than:

- Bang hé thong dém huyét twong: Bao gdm hé dém HCO;/H2COs ,
hé dém proteine/proteinate va h¢ dém H2PQ4'/HPO42'. Céc h¢ dém nay
dam nhiém 47% kha nang dém cua toan co the.

- Bang hé théng dém cua hong ciu: Bao géom hé dém
Hemoglobinate/ Hemoglobine, hé¢ dém HCO;/H2COs; va hé¢ dém
phosphate hitu co. Cac hé¢ dém nay dam nhiém 53 % kha nang dém con lai
cua toan co the.

- Pao thai acid bay hoi (CO,) qua phdi

- PBao thai acid khong bay hoi qua than

Boi vay pH huyét tuong trong d6i hiang dinh va bang 7.4 + 0,05.

2. Khdi niém vé pH va ion H

Trong Y hoc va Sinh hoc ngudi ta mé ta sy trao doi chét acid va
base ‘Eheo khai niém cua Bronstec}t. Acid duqc dinh pg}ﬁa nhu 1a mot chat
c6 thé giai phong ion H+, con chat base la chat c6 thé ti€p nhan ion H'. bo
acid cua mot dung dich duoc biéu thi bang gia tri pH va bang nghich dau
logarit cua hoat tinh proton:

pH =-logH"
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Su duy tri can bang acid-base trong gi6i han binh thuong ciing chinh
1a sy duy tri nong do ion H' trong gi6i han binh thuong. Dung dich acid
chita mot luong ion H' cao hon so véi luong ion OH-, dung dich base thi
nguogc lai,‘ con dung dic}; trung tinh lugng ion H" va OH- twong duong
nhau va bang 10”. Chi s ndng d6 ion H™ va OH- trong dung dich 1a mot
hing s6: [H']. [OH-] = 10

DAi v6i nude nguyén chat, mirc phan ly cua ion H' va OH’ bing
nhau. Nong d6 ion H' tinh ra mEq/L 1a bang 107 & nhiét d6 23°C. Vay
pH ctia nude nguyén chat hay cta cac dung dich trung tinh bang 7.

Tuy nhién trong y hoc, thuat ngir acid-base khong dugc hiéu theo
nghia héa hoc tuyé:c do1 vi cac dich cua co thé déu hoi kiém. Nong dd ion
H'(aH") trong huyét tuong khoang 0,0004 mEq/L = 4.10° mEq/L = 4.10°
Eq/L.

Suy ra: pH mau = - log [H']=-(log 4.10® ) = 7,398

hay theo phuong trinh Henderson-Haselbach:

pH =pK + log [HCO5;/H,COs]= 6,1 +1og 20/1 = 6,1 + 1,3~ 7,4

Trong co thé ion H" tuan hoan dudi hai hinh thirc:

- Cac ion H lién két voi cac anion bay hoi (HCO;™ ) chiu trach
nhiém chinh vé nhiing r6i loan can bang acid-base kiéu ho hap.

- Cac ion H' lién két voi cac anion ‘C(A,) dinh, k’hf)ng bay hoj (S042-,
PO43-, }actat,...) chiu trach nhi¢m chinh vé nhitng r6i loan can bang acid-
base kiéu chuyén hoa.

3. Khai niém vé kiém dw (BE: base excess)

. La lugng kiém chénh léch giita kiém dém ma ching ta do dugc va
kiém dém binh thuong. N6 dac trung cho luong kiém thtra hoac thiéu de
mau bénh nhan c6 thé tré ve trang thai can bang acid - base binh thuong.

~ BEmaula nong do base cua mau toan phan dugc do boi chuan do
dé,i v61i mot acid manh dé pH bang 7,4 6 PCO, 40mmHg va nhiét d 37°C.
boi voi mot chu‘ﬁn dd co gia tri am thi duoc thuc hjén vO1 mot base manh.
BE duogc tinh bang mmol/l (hodc mEq/l), nham dé do su tl}fra hoac thiéu
H,COs. Gid tri binh thuong tur —} dén +2 mmol/l va né biéu thi cho kha
nang can cua dém va dugc tinh bang:

BE =(HCO; -24,2)+ 16,2 (pH-7,4)

Khi gia tri pH cia mot mau miu & nhiét do 37°C c6 PCO, 1a 40
mmHg bang 7,4 va HCOs™ bang 24,2 mmol/l thi gia tri tham khao cua BE
bang 0 mmol/l . Khi gia tri pH cua két qua nay dudi 7,4 thi BE s€ am va
trén 7,4 thi BE sé duong.
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16,2 mmol/l la kha nang dém cua dém khong pha1 bicarbonat trong
dich ngoai bao. BE 1a mdt chi s6 quan trong trong roi loan cén bang acid-
base. BE duong trong phlem toan ho hap va nhlem kiém chuyén hoa. BE am
trong nhiém toan chuyén héa va nhiém kiém ho hap.

4. Khdi niém vé khoang tréng anion.
4.1. Khoang tréng anion mau ( Anion Gap: AG ).

Khoang tréng anion mau duoc coi 12 nhitng anion khéng dinh luong
cua huyet twong, binh thuong khoang 12-18mmol/l. Cac anion khong
duoc dinh luong bao gom: anion Protein, cac phosphat, cac sulfat, cac
anion hiru co.

Cong thirc don gian dé tinh: AG= [Na® - (CI' + HCO3)]

Khi cac anion acid nhu acetoacetat va cac lactat gia tang trong dich
ngoai bao, khoang trong anion tang gay nhiém toan vdi AG tang.

- Tang AG: thuong do ting anion khong dinh luong duogc va rat it
gdp do giam cac cation khong dinh luong dugc (Ca™, Mg“, K" ). AG
ciing co thé - tang voi tang anion albumin, hodc do tang nong d¢ albumin,
hodc do nhiém kiém 1am thay ddi dién tich albumin.

- Giam AG: c6 thé do :

+ Tang cac cation khong dinh lugng dugc

+ Hién dién trong mau cac cation bat thuong nhu lithium ( nhiém
ddc lithium) hodc cation immunoglobulin ( gdp trong bénh loan twong
bao)

+ Giam trong huyét twong anion albumin ( hoi chimg than hu )

+ Giam dién tich hiéu qua anion cta albumin béi nhiém toan

+ Bénh nhay nhét va ting lipid mau ning

Khi albumin mau binh thuong, AG tang thuong l1a do sy hién di¢n
cua acid khong chtra CI" nhu cac anion: khong phdi hitu co ( photphat,
sulfat ), lltru co: ketosis, lactaty, cac anion hitu co uré, ngoai sinh( salicylat
hodc nhiém doc nhitng san pham acid hitu co) hodc khong xac dinh dugc.

Theo dinh nghia nhiém toan AG ting c6 2 dic tinh: HCO; giam va
AG tang
4.2. Khai niém vé khoang tréng anion niéu( UAG: Urine Anion Gap).

Khoang tréng anion niéu duoc tinh bang:

UAG = [(Na"+K")/niéu - (CI" )/ niéu].

Khoang tréng anion ni¢u cho phép nguoi ta udce tinh duoc ndéng do
NHy4+ ni€u. NHy+ ¢6 thé xem nhu mdt chat << ki€ém hiru co >> c6 kha
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nang trung hoa acid ma khong can t6i Na*, K*. Vi vay néng dé NH;" niéu
n6i 1én kha ning dém cua than. Khi ( Cl- )/niéu > (Na" + K") / niéu thi
NH;" niéu s& dugc ting 1én theo phuong thirc thich hop, goi y mot nguyén
nhan nhiém toan ngoai than. Thét vay trong ia long, do mat ‘HCOs- qua
phan nén dwa dén nhiém toan chuyén hoa. Thay vi pH nu¢c tiéu acid (nhu
trong nhiém toan hé thdng), pH nudc tiéu acid thuong chung quanh 6 vi
nhiém toan chuyén hoa va giam K+ mau lam tang tong hop va bai tlet
NH, qua than; nhu thé gay ra mot dém nudce tiéu lam ting pH nudc tiéu.
Nhu vay su bai tlet NH, qua nuéc tiéu ting cao trong ia long va thap trong
nhiém toan do 6ng than(RTA: renal tubular acidosis). Nhu:ng bat thuong
trong nhiém toan do ong than xa co dién (type I) la giam K" mau, nhiém
toan tang CI, giam bai tiét NH;" qua nudc tiéu(UAG +, NH, " niéu giam)
va pH ni€u tang theo phuong thurc khong thich hop (pH > 5,5). Bénh nhan
nay khong c6 kha ning toan hoa nudc tiéu cua ho xuodng duédi 5,5. Thudng
co glam citrat niéu, ting calci niéu dua dén rd xuong. Trong RTA type IV,
ting K” mau khong ty 16 voi so v6i giam GFR do cung ton tai rdi loan
chtrc nang bai tiét K va acid.

5. Céc hé thong diéu hoa pH

5.1. Piéu hoa do hé thong dém

5.1.1. Nguyén tic hoat dong

Mot hé thdng c6 kha néng giit cho pH cua dung dich it thay dbi khi
cho thém vao dung dich ion H" hoic OH thi goi la hé théng dém. He¢
théng nay bao gid ciing c6 du hai thanh phan mot acid yéu va mot mubi

cua base manh hodc mot base yéu véi mudi cia nd vo1 mot acid manh. Vi
du hé dém bicarbonat gom H,COs/ NaHCO; (acid yeu H,COs3) /mudi cua
base manh: NaOH), h¢ d¢m NH4sOH/NH4CI (base yéu: NH,OH/mubi caa
acid manh: HCI).

Tinh chét hoat dong cua hé dém phu thudc vao muc do phan ly cua
n6 trong dung dich. M&i hé thdng dém déu c6 mot hing s6 phan ly riéng
va duogc thé hién bang logarit trai ddu tic pK. PK cang nho thi cang dé
phan ly va nguoc lai, hé dém nao cé pK cang gan pH thi hoat dong cang
¢o hi¢u qua.

Trong mot hé théng dém nhat dinh khi lugng ion H' phan ly va
luong ion H' két hop bang nhau va bang 50% thi ngudi ta nhan thay pH
ctia hé dém khong thay d6i nén goi 1a pK cta hé thong ay (tirc pH = pK) .

Theo phuong trinh Henderson - Hassenbach:

pH=pK+log [ A"/ A H+]

A- 12 hinh thai két hop, A- H+ 1a hinh thai phan ly cta hé dém.
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5.1.2. Céc hé théng dém chinh
- Hé d@ém bicarbonat: NaHCO3/H,CO; = HCO3- / HCO3- H'

H¢ dém nay dam nhi¢m 43% kha nang dém cua tqém co thé, trong
dg') ngoai bao 33% va ndi bao 10%. Pay la mot hé¢ dém rat quan trong va
rat linh hoat, 1a h¢ dém chinh ctia ngoai bao vi:

s Nong d6 ion bicarbonat dudi hinh thai két hop NaHCO; trong
huyét tuong cao. Binh thudong n6 duoc thén dao thai hodc tai hap thu
thuong xuyén dé c6 nong do 6n dinh trong huyét twong 1a 27 mEq/L (con
goi la dy trir kiém).

+ Acid carbonic 1a mét acid bay hoi c6 thé ting giam ndng do mot
cach nhanh chong nho hoat dong cua phoi (tang hodc giam thong khi) dé
c6 nong do on dinh trong huyét twong la 1,35 mEq/L.

Theo phuong trinh Henderson-Haselbach:

pH =pK + log [ NaHCO3/H,COs] = pK + log HCO3/aPCO,

=6,1 +1og27/1,25=6,1 +1og20~6,1 + 1,3~ 74

Nhu vay, sau khi hé bicarbonat da dém roi thi pH cua dich ngoai bao
cling chi giao dong chung quanh 7,4 ma thoi .

- Hé d@ém photphat: Na;HPO/NaH;PO, = NaHPO,/NaHPO,H"

bam nhiém 7% kha nang dém cua co thé, 1a mot hé dém cua noi

bao (PO,” noi bao = 140 mEq/L) v ciia nude tidu, c6 hiéu suét 16n vi pK
bang 6,8 gan voi pH sinh ly.

- Hé dém proteine/proteinate.

Pay ciing 14 mot hé théng dém cua huyet trong, dam nhiém 12%
kha ning dém cua co thé. Hé dém proteinat bang cac gdc amin va goc
carboxyl ciia n6( NH3" - R- COO").

O diém dang dién, sb dién tich duong va am bang nhau. Thém ion
H', protein s€ tich dién duong va chuyén sang phia acid cua diém dang
dlen Khi mit H', protein tich dién 4m va chuyén sang phia base cua diém
dang dién. Nhu vay trong méi truong acid, protein thé hién tinh kiém va
nguoc lai.

- Hé dém Hemoglobinate/ Hemoglobine

Gom hé hemoglobinat Hb-/Hb- H+ va Oxy hemoglobinat HbO
/HbO  H'

bay la hé¢ dém cﬁa‘h(;)ng cau, c6 ham luong rat 16n nén ching ¢
vai tro quan trong trong diéu hoa pH mau qua sy bat gitr va dao thai CO2
O phoi. HE dém nay ddm nhi¢m 36% kha nang dém cua toan co thé.
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Biang 9.1: Hoat tinh ciia cac hé dém (%) trong diéu hoa cin bing acid- base

Hé dém huyét twong:

-H,CO3/HCO5’ 33%

- proteine/proteinate 12%

- H,PO4/HPO,™. 2%
Heé déem hé‘ng cau:

-Hemoglobinate/ Hemoglobine 36%

- H,COs/ HCO5 10%

- Phosphat hitu co 7%

Toém lai, cac hé théng dém cua co thé can thiép rat s6m vao viéc duy
tri can bang acid - base trong gidi han binh thuong ma hiéu qua dém phu
thudc chu yéu vao hé dém bicarbonat (qua h¢ dém nay, hi€u lyc cua céc hé
dém khac ciing duoc phan anh ding, vi vay cac tinh toan cha yéu 1a suy
luan trén hé dém bicarbonat). Cac thanh phén cua hé dém bi hao hut do tac
dung trung hoa s€ duogc tai phuc hdi nho vao nhirng hoat dong tich cuc cua
phdi va than.

5.2. Piéu hoa do ho hap

Khi co thé tich nhidu CO, s& 1am pH giam, pH giam t&i 7,33 13 trung
tam hoé hap(TTHH) bi kich thich manh dan t6i ting thong khi, nhd vay
CO, dugc dao thai ra ngoai cho t6i khi ti 16 H,CO; trén NaHCO; tré vé
gia tri 1/20. Nguoc lai khi H,CO; gidm hoac NaHCOs tang , pH s€ co xu
huéng ting thi TTHH s& bi tc ché din tdi thd cham, CO, tich lai cho dén
khi ty s6 nang 1én dén 1/20. Di nhién dé bao dam dao thai CO; dugc t6t
thi khong nhitng hoat dong cia TTHH ma ca h¢ ho hap va tudn hoan ciing
nhu sb lugng va chat lwong Hb ciing phai binh thudng.

Trung tdm ho hap rit nhay cam véi nong d6 CO, trong mau: mot
su gia tang 0,3% pCO; trong mau dong mach s& lam tang tan s6 ho hap
lén gap doi va nguoc lai néu pCO, giam thi tan s6 ho hp giam. Diéu hoa
h6 hap 1a bao vé dau tién ciia co thé nham han ché cac bién thién ciia pH
mau bang cach thay d6i ty 1¢ acid carbonic trong mau qua sy ting hay
giam thong khi phéi duoc didu khién boi trung tdm ho hap va boi cac thy
thé hoa hoc.

Can luu ¥ rang ap lyc riéng phan cua CO, trong phé nang bang voi
ap luc riéng phan cua n6 trong mau dong mach vi CO, tir mau tinh mach
dén phoi khuyéch tan rat nhanh qua mang phé nang va c6 xu hudng can
bang ap luc & hai bén mang. Nguoi ta con ding pCO, dé biéu thi cho
ndéng d6 H,CO; trong mau vi khi CO, vao mau ngay 1ap tic sé bi hydrat
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hoéa thanh acid carbonic: CO, + H,O = H,COs3(mmol/L) = a.pCO,
(mmHg)

a la hé s6 hoa tan va bang 0,0308

Tur phuong trinh Henderson-Hasselbach ( pH = 6,1 + log [HCO3"
/a.pCO2])

ta thdy pH phu thudc vao ty 1¢ HCOs-/a.pCOs;

- Trong nhiém acid chuyén hoa, NaHCO3 giam; dé han ché sy dao
dong cta pH, ho hap s& diéu hoa bang cach ting thong khi dé tang thai
CO2 véi muc dich giam H,COs trong mau dé giir ty HCO3-/H,CO3 khong
d6i (20/1) , diéu ndy c6 nghia la s& giit dugc pH khong doi.

- Trong nhiém base chuyén hoa, NaHCOs ting. Ho hap sé& diéu hoa
bang cach giam thong khi nham giit CO, dé ting H,CO; trong méau nham
giit ty HCO3-/ H,CO;3 khong d6i (20/1). Nhu thé sé& giit pH it bi thay doi.

Luong CO2 do té bao sinh ra khoang 800-900g mdi ngay cing vai
lugng H2CO3 sinh ra do phan ung dém s& dugc hé thong dém Hb cua
hong cau phdi hop véi hé bicarbonat lam trung hoa va dem thai qua phoi.

Co ché két hop va phan ly ciia CO, va O, véi Hb dua vao tinh chét
acid cia HHb, H,CO; va HHbO, khong dugc ngang bang véi nhau, trong
d6 HHb < H,CO5 < HHbO, vé tinh acid. Do vay, then chét trong sy dém
nay la tinh acid manh cia HHbO, lam cho no6 c6 thé déy duoc H,CO3 ra
khoi mudi kiém cta no (KHCO;) do h(‘)ng cau mang tir to chic dén phoi
va phén ly thanh CO, dao thai qua phe nang. Tur d6 HHbO, dudi dang
mubi kiém (KHbO,) s& dugc héng cau mang dén to chuc va ¢ do, do
pCO; giam nén phan ly thanh KHb va O,. O, di vao té bao dong thdi CO,
tir td chirc vao héng ciu tao H,CO; Kkét hop véi KHb thanh HHb va
KHCOs3, chat nay' phan ly cho HCO;™ ra huyét tuong va nhan CI” vao
hong cau lam pH mau ting (¢ phdi qua trinh nay' dién tién ngugc lai).

Sy diéu hoa ciia ho hap 1a tién d& budc dau nhung vé sau 1a sy diéu
hoa hiéu qua cua than.

5.3. Diéu hoa do than

Than khong tham gia chong lai tinh trang rdi loan cin bang acid -
base ngay tir lic ban ddu ma chi sau nhiéu gid thdn méi ty diéu chinh. pH
chi thuc su tré vé sinh 1y binh thudng sau khi da c6 sy diéu chinh cua
than. Binh thuong than c6 thé bai xut hodc giit mot cach rat uyén chuyén
ion H' ciing nhu cac ion khac. Ta biét mot ché do an binh thudng sé san
xudt cac acid thira (thira ion H ) 1am tang d¢ acid cia nude tiéu 1én mot
cach nguy hiém. Mat khac, néu lugng acid thira nay dugc bai xuat dudi
dang mudi natri trung tinh thi co thé s& mét nhanh chéng cation chinh ctia
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dich ngoai bao h¢ qua s€ lam gidm the tich ngoai bao. Vi viy, than phai
nho cac co ché wu viét khac dé bai xuét cac acid thira ra khoi co thé.
5.3.1. Than thai chat acid thira

Khi nhidm acid than diéu hoa bang cach bai xuét ion H', gii lai cac
cation kiém (K', Na") va anion dém (H,COs-). Trong nhiing diéu kién
binh thudng than c6 thé bai xuét tir 50-70 mEq H' trong 24 gid va lam cho
pH cua nuée tiéu giam xudng dén 4,5 bang cach:

- Thai H' dudi dang acid chudn d¢

Than thay thé cac ion Na* bang cac ion H' cua phan tir Na,HPO,

thanh NaH,PO, tirc bai xuit photphat duéi dang trang thai nhiém acid
(monosodic phosphate) thay cho photphat dudi dang klem (disodic
phosphate) Tinh acid chuan d¢ 13 s6 lwong ion H" da bai xuat thay cho
Na' tir Na,HPO,4 va do luong theo cach chuan d6 nuoc tiéu bang dung
dich natri dexinoman (N/10) va dua pH nuéc tiéu 1én bang pH mau (7.4).

MAU TE BAO ONG THAN NUOC TIEU ONG THAN
H2C03 NazHPO4
« A A
+ + - +
NaHCO; <« HCO3 H —» H + NaHPO, Na
Na' |
v
NaH2P04

Hinh 9.1: Than thai H' dwéi dang axit chuén dd
_ Luong ion H' bai xuat dudi dang nay chiém khoang 1/3 luong H
can dao thai.
- Thai H' dwéi dang ion amoni (NH; ")

+

MAU TE BAO ONG THAN ONG THAN
H,CO; }CI\A
_ Na' Cl
NaHCO; «——HCO; «——N _wH ’\
H;/V NH; NH,"
Glutamin NH; NH4CI

Glutaminase

Hinh 9.2: Thén thiai H+ dwéi dang ion amoni

http://vietham12h.com



Céng ty Héa Chat Xay Dwng Phuwong Nam
93

O cac té bao 6ng gop va dng xa tao ra 30-50 mEq NH; mdi ngay tu
glutamine, alanin, histidin. Amoniac khuéch tan vao trong nudc tiéu acid,
tai day NHj bién ddi thanh ion NH4" nho két hop v&i1 mot ion H'. Do ion
NH," khong khuéch tin qua mang sinh hoc nén ching khong thé khuéch
tan nguoc trd lai vao t€ bao ong than va dugc bai xuat thay thé cho cac ion
Na', K.

Luong H™ duoc bai xuat dudi dang nay chiém dén 2/3 luong H' can
dao thai.

- Tdi hdp thu hoan toan Natri bicarbonat:

Sb luong ion HCO3™ do cau than loc ra duoc hép thu vao cac éng than
dat to1 khoang 28 mEq/l. Trong cac té bao ong than, acid carbonic bi ion héa
thanh H va HCOs . H' dugc ddo thai qua nudc ticu trao doi véi Na' theo co
ché mot doi mot nho vay ma tai 1ap duoc du trit kiém cho co thé.

MAU TE BAO ONG THAN ONG THAN
H,CO; NaHCO:;
NaHCO; +— Hc@\ Na* HCO;5
H—T—>H"
H,O N4 H,CO;
CO,

Hinh 9.3: Thin tai hip thu hoan toan Natri bicarbonat

Enzym carbonic anhydrase c6 vai tro quyét dinh su hydrat héa CO,
thanh H,COs5 trong té bao éng than. Trong nudc tiéu thi nguoc lai, H,CO;
bi phan ly thanh CO, va H>O, nho phan ing nay nén can tr¢ duge sy tich
lily H' trong nudc tiéu dng luon gan tao diéu kién cho su trao d01 gilra cac
ion H' va giita cac gradient thip cuia H'. O cudi 6ng luong gan NaHCO;
dugc hap thu véi ty 18 90% so véi NaHCO; dugc loc va ¢ ong luong xa,
lugng NaHCO; da bi ha thap nay lai con dugc tlep tuc tai hap thu nira.

5.3.2. Than thai chit base thira
~ Thén c6 xu huéng stra chira trang thai ‘nhiém base bang cach bai
xuat ion HCOj3™ lam cho pH cua nudc tieu kiém hoa dén muc 7,8 bang
cach:
- Uc ché hién tuong tai hip thu NaHCO3 & 6ng than
- Thai phophat dudi dang Na,HPO,
- Giam tao ion NHy+
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5.4. Diéu hoa do trao d6i ion giita ndi va ngoai bao
5.4.1. Céc cation

H H
K" K"
NHIEM ACID Na® Na® NHIEM BASE
Ca++ Ca++
Mg++ Mg++

Hinh 9.4: Trao déi ion giira ndi va ngoai bao dé diéu hoa pH.

Su qua tai ion H' cta dich ngoai bao c6 xu hudng dugce bu boi sy di
chuyén ctua H' tir khu vuc ngoai bao sang khu vuc ndi bao, & day H' duoc bét
gilr boi cac chét dém, d@)ng thoi hoan d6i voi Na™ va K tir ndi ra ngoai bao
lam ting K" mau do chuyén van. Ctr 3 ion K giai phong tir té bao ra s& dugc
thay thé béng 2ionNa"valionH'. Nguoc lai, khi bi nhiém base, H' ra khoi
n6i bao hodn d6i véi Na” va K™ 1am giam K méau. Nhimg trao ddi ion nay rat
nghiém ngit thé hién qua mbi tvong quan 16 rét giita nhimg thay d6i nong do
K" va bién d6i pH cuia ngoai bao. Moi su gia ting pH thém 0,1 don vi kéo
theo mdt sy sut giam tir 0,5-0,7 mEq/L kali va nguoc lai.

5.4.2. Cac anion

Viée CO, vao hong cau c6 kém sy di chuyén cua HCO;™ tur hong cau
sang huyét twong con Cl- thi tir huyét tuong di vao héng cau (hién tuong
Hamberger). Co ché 1a do CO, khi vao hong cau nhd enzym carbonic
anhydrase hydrat hoa thanh H,COs roi phan ly thanh H" va HCO;5 . Ton H'
dugc Hb dém, trong khi HCOs' ra lai huyét tuong (70%) do su chénh 1éch
vé nong d6 nhung vi gip phai sitc hut cta nhimg cation trong hong cau nén
n6 chi duoc ra khoi hong cau khi c6 mot sé luong twong duong CI” tir huyét
tuong vao thay thé cho n6 dé can bang dién tich. Piéu nay giai thich tai sao
CI’ mau tinh mach thép va h6ng cau & tinh mach lai to hon (doco nhiéu ion
nén hong ciu tang gitr nudc va truong 1én).

II. Roi loan cin bang Acid-Base
Khi ¢ rbi loan cin bang giita hai qua trinh acid héa va base hoa
trong co thé, s€ dan dén nhieém ddc acid hodc nhiem ddc base
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1. Nhiém déc acid
1.1. Pinh nghia

Nhiém doc acid hay nhiém toan 1a mét qua trinh bénh 1y co kha
nang lam giam pH mau xu6ng dudi muirc binh thuong. Khi pH < 7,36 goi
la nhiém toan mat bu.
1.2. Phan loai. Gom hai loai: nhiém toan chuyén hoa va nhiém toan hé hap
1.2.1. Nhiém toan chuyén hoa

La hau qua cua sy tich tu cac acid ¢ dinh hodc cta sy mat chat base
1.2.1.1. Phén loai nhidm toan chuyén hoa.

Phin nhiém toan chuyén héa thanh hai thé tuy thudc vao AG ting
hay AG binh thudng. Céong thirc tinh: AG = [Na™ - (HCOs- + Cl-)] = 13 -
18 mEq/L(gia tri binh thuong)

* Nhiém toan chuyén hoa c6 ting khoang tréng anion (>18mEq/1 )

Bdén nguyén nhan chinh ctia nhiém toan chuyén héa ting AG la:
nhiem toan ketone, nhiém toan lactic, ngd doc va suy than man hodc cap.
- Nhiém toan ketone:
+ Dai duong ketone: thuong xay ra & DTD thé 1¢ thudc insulin, do
tang chuyén hoda acid béo va tang ketone (aceton, acid acetylacetic, acid
beta hydroxybutyric)

+ Nhin d6i kéo dai
+ Ngo doc ethylic cdp v6i nhiém m& gan
- Nhiém toan do than:

+ Do cau than giam loc céc anion dac bie:tt la sulfat, phosphat 1 lai
hinh thanh cac acid manh gap trong suy than cap hodc suy than man giai
doan cuoi.

+ Do 1di loan chtrc ning 6ng than bam sinh hodc mic phai anh
huong bai tiét H'.

- Nhiém toan lactic:

+ Thiéu oxy cap va ning, tinh trang sdc (c6 thé  dong trén
1500mEqg/ngay).

+ Pong kinh, luyén tap co bip qua stc

+ Xo gan, bénh bach ciu cép

+ Thiéu hyt enzyme tan sinh dudng

+ Thubc Isoniazide, Biguanide, AZT...

- Mot sb nhiém toan khac:
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+ Nhiém toan formic: Do dung rugu Methylic
+ Nhiém toan oxalic: Do glycol ethylen
+ Nhiém toan acetic: Do paraldehyte
+ Nhiém toan salicylic: Do salicylate (hiém)
* Nhiém toan chuyén héa khong ting khoang trong anion.

Nguyén nhan:

- Mét bicarbonate qua duong tiéu hoa:

+ Hodc do mat HCO;- truc tiép nhu ia 1ong cip va ning, do tuy
tang, dan luu té trang, toan mau ong than,...

+ Dung cholestyramine

- Nhiém toan do 6ng than:
ot Nhiém toan do ong than xa type I (RTA: renal tubular acidosis):
Bi€u hién giam kali mau, nhiém toan tang Cl-, giam bai tiét NHs+ qua
nuée tiéu( khoang tréng anion niéu +, NH," niéu giam) va pH niéu ting
theo phuong thurc khong thich hop (pH > 5,5). Bénh nhan nay khong co
kha nang toan hoa nudce ti€u ciia ho xuong dudi 5,5.

+ Nhiém toan do ong luong gan (typll): Do rdi loan chung tai dng
luong gan, bi€u hién Glucosg ni€u, acid amine ni€u va phosphat niéu(hoi
ching Fanconi). HCOs™ huyét twong giam, pH nudc tiéu < 5,5. Vi HCO5'
khong dugc tai hap thu mét cach binh thuong trong 6ng luong gan nén khi
dicu tri baing NaHCOj3 s& dan dén mat Kali qua than va giam Kali mau.

+ Nhlem toan do 6ng than typ IV: Tang kali mau khong ty 1€ so voi

giam loc cau than(GFR) do cung ton tai r6i loan chirc niang bai tiét kali va
acid, giam bai tiét NH,"

+ Nhiém toan 6ng than do giam bai tiét phosphat

Chua y: Trong nhiém toan chuyén héa khong tang khoang trong
anion do mat kiém badi ia long va boi bénh ly nhlem toan do Ong
than(RTA) c6 su thay d6i ddi nghich nong d6 CI- va ndng do HCOs- do
d6 AG binh thuong. Nhu vay trong nhlem toan ting Cl- thuan khiét sy
tang Cl- trén gia tri binh thuong la gan bang sy giam HCOs-. Néu thiéu
vang mot trong quan nhu thé nay s& goi ¥ mot rdi loan hon hop. C6 nghia
rang nhiém toan chuyén héa khong ting khoang tréng anion thuong 1a
nhiém toan ting Cl-.

1.2.1.2. Biéu hién
-pH < 7.36 ( mét bu )
- HCOs- giam
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- BE am

- Tang glucose mau ( tang tan sinh duong, gidm thuy phan glucose)

- Tang kali mau cung voi nhitng rdi loan dan truyén va kich thich

- Giam suc co cua co tim

- Giam hiéu luc cua ,Adrenalin va Noradrenalin 1én té bao thanh
mach (lam nang tinh trang soc)

1.2.2. Nhiém toan ho hap

1.2.2.1.Nguyén nhan. Giam théng khi phé nang do:

- ROi loan chtre nang b6 may ho hap: réj loan thong khi gidi han va
tac nghén, roi loan khuéch tan phoi, bénh ly than kinh co

- Réi loan trung tdm hé hip: tang ap so néo, cac bénh ly néo, bénh
bai liét, suy nhugc trung tdm ho6 hap do thude (do Barbiturate, cac dan
xuat cua Morphin...)
1.2.2.2. Biéu hién:

- pH < 7,36 ( mét bu)

- HCO;s- tang, pCO, tang

- BE duong

- Tang CO, mau dua dén ting mau nio, dau co, nhip tim nhanh, tang
khong khi; truong hop nang: rung co, giam phan xa, dau dau, gi6i han
hoat dong co tim va dan dén suy tuan hoan

- Tang glucose mau, tang kali mau

Chu y:

- Trong nhiém toan ho hap cap : co mot su ting bu trur tire khic
HCO:s- ( do co che dém té bao), H CO;- tang 1 mmol/l do6i v6i mai tang
10mmHg PaCO.,.

- Trong nhiém toan hé hip man (24 gio), thich ing cua than s€ lam
tang HCO3- 4mmol/l d6i v6i mdi thay d6i 10 mmHg PaCO, . HCOs-
huyét thanh binh thuong khong vuot qua 38 mmol/ 1.

- Nhiém toan ho hép s& anh hudng 1én sy trao d6i dién giai: Trong
nhiém toan ho hap cép s& c¢6 taing K" mau con trong nhidém toan ho hip
man s€ c6 giam CI.

~ bdc tinh 1am sang thay giéi theo thoi gian va mue do nhiém toan ho
hap, theo tinh trang bénh 1y nén bén dudi va c6 phoi hgp hoac khong cua
giam oxy mau.
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2. Nhiém déc base
2.1. Pinh nghia

Nhiém doc base hay nhiém kiém 1a mt qué trinh bénh ly c6 kha
nang lam tang pH mau trén mirc binh thuong. Khi pH > 7,5 goi la nhiem
kiém mat bu.
2.2. Phan loai: Bao gdm nhiém kiém chuyén hoa va nhiém kiém hé hap
2.2.1. Nhiém kiém chuyén hoéa:

Biéu hién boi ting pH dong mach, ting HCO;- huyét thanh va ting
PaCO,; thuong phdi hop voi giam Cl' méau va giam K" mau.
2.2.1.1. Nguyén nhan:

- Tang base va HCOs-: do truyen hodc ubng qua nhiéu chét kiém

ngoai sinh, do ting base bu trir trong mat anion nguyén phat trude hét do
ClI- (cua dich vi)

- Mt acid khong bay hoi ( thuong la HCI do nén ) boi khu vuce
ngoai bao: mit dich vi da day do nén mira, mit ion H" trong truong hop
tang Aldosteron, thiéu kali ( sy di chuyén ion H+), thubc loi tiéu ... O dich
da day, néng do Cl- (150mEq/L) nhiéu hon néng d6 Na* (20mEq/L) va CI
dudi dang HCI s& mét theo H' trong chat non dan dén giam Cl- mau. Khi
ndéng d6 Cl' mau giam s& duoc bu boi sy gia ting ndong do HCOs- dé giir
can bang anion do d6 giy nhiém kiém giam CI. Day 1a nguyén nhén
thuong gip nhat ciia nhiém base chuyén hoa. Mat ion H' trong trudng hop
tang Aldesteron, thiéu kali ( sy di chuyén ion H"), thudc loi tiéu: K* bi
giam nén 1 phan H' di vao ndi bao (Ctr 3K di ra thi c6 2Na+ va 1H" di
vao) dé duy tri su trung hoa dién tich, mot phan H' bj ting dao thai qua
6ng than (trao doi voi Na* va K*) 1am tiang du trir kiém va gy giam CI
phéan ng.

Trong diéu kién binh thuong than cé kha ning quan trong dé bai tiét
HCO5". Vi vay dua dén mot nhidm kiém chuyén hoa 1a thé hién su that bai
ctia than vé bai tiét HCO5". HCO5™ tang & dich ngoai bao hodc theo phuong
thirc tir ngoai sinh hodc dugc tong hop theo phudng thirc ndi sinh timg
phan hay toan bo boi than. Than sé& giit lai nhiéu hon bai tiét va dwa dén
nhiém kiém néu:

+ C6 mot thiéu hut thé tich, thiéu hut CI" va thiéu hut K khi phi
hop véi giam GFR sé& 1am tang bai tiét H' trong dng luong xa. hoic:

+ C6 mot giam K™ méu do ting aldosteron ty tri. Trong trudng hop
dau tién , nhidm kiém s& dugc chita khoi khi diung NaCl va KCI trong khi
& truong hop thir hai dé chira khoi nhidm kiém thi can thiét dung thudc
hay phau thuat nhung khéng dung cac dung dich mudi
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2.2.1.2. Phan loai
* Nhiém kiém chuyén héa phoi hop véi thu hep thé tich ngoai bao, mat
kali va cwong renin tang aldosteron thwr phat

Bénh nguyén:

- Ngudn gbc tir dng tiéu hoa: Mat H+ do non hodc hut dich vi da day
gy gitt HCOs-. Mét dich va NaCl do nén hodc hat dich vi gay giam thé
tich ngoai bao va ting tiét renin va aldosteron. Giam thé tich gdy giam
GFR va ting kha ning tai hap thu HCO;- qua ong than. Trong nén chu
dong c6 mot sy bd sung thuong xuyén HCOs- vao huyét tuong vuot qua
kha ning tai hap thu cta 6ng luong gan. Do giam thé tich ngoai bao va
giam Cl- mau ma CI” bi giit lai boi than. Chira khoi giam thé tich ngoai
bao bdi NaCl va thiéu hut K thi s& diéu chinh duoc rdi loan toan kiém.

- Ngudn gbe tir than. Loi tiéu: Thude loi gy mat Cl” qua nudc tiéu
nhu Thiazid hoic Furosemide...lam giam thé tich ngoai bao ma khéng lam
thay d6i tong luong bicarbonate cua co thé, do d6 HCO:s- huyét thanh
tang. Dung keo dai thuoc loi tiéu khuynh huéng gay nhiém klem do tang
giai phong mudi & éng lugng xa bang cach kich thich bai tiét K', H'.
Nhiém kiém s& kéo dai do thu hep dai ding thé tich ngoai bao, do tang
aldosteron thir phat, do thiéu hut K*, do hiéu lyc truc tiép cua thuoc loi
tiéu s& diéu chinh duoc nhiém kiém bang cach cho dung dich mudi daeng
trwong dé chira khoi thiéu hut thé tich ngoai bao.

- Thiéu hut anion khong tai hap thu duoc va thiéu Mg™: Udng mét
lwong 16n anion khong tai hap thu nhu Penicilline, Carbenicilline c6 thé
lam tang acid hoa & 6ng luong xa va ting bai tiét K" do uu thé khac biét
tiém ning qua biéu mo (1ong dng am). Thiéu hut Mg™ gay nhiém kiém,
giam K+ mau do ting acid héa ¢ dng luong xa boi kich thich cua renine
cling nhu cia bai tiét aldosteron.

- Thiéu hut kali: Thiéu hut kali min c6 thé ddn dén nhiém kiém
chuyén hoa do ting bai tiét acid qua nudc tiéu. Su san xudt va hip thu
NH," thi ting va sy tai hip thu HCO;™ s& duoc kich thich. Thiéu hut kali
mén tinh s& gay diéu hoa duong 1én H'- K-ATPase dé ting hap thu K™ va
bai tiét song song H'. Nhiém kiém phdi hop voi thiéu hut nang K thi dé
khang véi viéc dung mudi nhung chita lanh thiéu hut K thi s& chira khoi
nhiém kiém.

* Nhiém kiém chuyén héa phoi hop voi tang thé tich ngoai bdo, ting huyét
dp va tang aldosteron

Bénh nguyén

- Do dung corticoid khoang
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- Do ting san xuat corticoid khoang nguyén phat boi adenome hodc
thi phé‘t do cuong san xuat renin cia thém:v Trong 2 trudng hop nay co ch§
phan hoi (feed’back) binh thuong cua the tich ngoai bao 1én sy san xuat
aldosteron bi mat hiéu luc va tang huyét ap do gilr muoi nudc .

- Hoi chimg Liddle: gy tang hoat tinh kénh Na' cta kénh ong gop,
phoi hop voi tang huyet ap do tang thé tich, nhiém kiém, giam kali mau, c6
cac tri sO binh thuong vé aldosteron. Pay 1a mot bénh 1y di truyen it gap,
2.2.1.3. Biéu hién:

- pH > 7,44 ( mit bu)

- Tang HCO3"

- BE duong

- Con Tetanie nhung c6 calci mau binh thudng do giam calci ion hoa

- Ha kali mau
2.2.2.. Nhiém kiém ho hap:
2.2.2.1. Nguyén nhan:

- Tang khong khi phé nang dua dén ting thai CO,

- Anh huong tam than kinh

- Réi loan ndo véi sy kich thich cua trung tdm ho hap: viém nio,
bénh 1y ndo.

- Xo gan: Kich thich trung tim ho hdp do ting ham lwong NHj
trong mau.

- Nhiém khuan gram am.

- Do thudc kich thich trung tdim ho hép: Salicylate, theophyllin,
ostrogen, progesteron.
2.2.2.2. Biéu hién

- pH > 7,44 ( mét bu)

- HCO;- giam, pCO; gidm

- BE am

- Giam CO, mau dan dén giam tuéi mau ndo véi bicu hién chong
mat, lo lang...

- Con Tetanie véi calci mau binh thuong

- Giam kali mau

Chu y:

- Trong nhiém kiém ho hap cap: HCO;- giam 2 mmol/l trén mdi 10
mmHg giam PaCO,
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- Trong nhiém kiém hé hap man: HCOs- giam 4 mmol/l trén mdi 10
mmHg giam PaCO,
II1. Cén bing Acid- Base va cin bing Kali
_ -Kalico thé trao déi v6i ion H" qua mang té bao, vi vay tinh trang
nhiém toan hay nhiém kiém s€ kéo theo tinh trang tdng hodc giam kali
mau va nguoc lai.
- Truong hop tang Kali mau: Kali di vao té bao, H' di ra khoi € bao.
Do do tang kali mau s€ dua dén nhiém toan chuyén hoa.
- Truong hop nhiém toan chuyén hoa: H' di vao t€ bao, K di ra khoi
té bao. Do d6 nhiém toan chuyén hoa sé dua dén tang kali mau.
- Truong hop giam kali méu: K* di ra khoi té bao, H' di vao € bao.
Do do6 ha kali mau s€ dua dén nhiém kiém chuyén hoa.
- Truong hop nhiém kiém chuyén hoa: H+ di ra khoi t€ bao, K" di
vao té bao. Do d6 nhiém ki€m chuyén hoa s¢ dua dén ha kali mau.
IV. Co ché bu trir trong nhiém Acid - Base
1. Nhiém toan chuyén héa
- Phéi: tang thai CO, dua dén nhip thé Kussmaul
- Thén: ting bai tiét ion H+ dwa dén nudc tiéu acid va NaHCOs bién
mat khoi nudce tiéu.
- Bu do hé dém va trao doi ion: mot phan H,CO;5; duoc chuyen doi

thanh HCO;-, mot phan H' qua tai ¢ ngoai bao di chuyén vao ndi bao dé
duoc dém boi cac hé dém noi bao.

2. Nhiém toan hé hdp

- Théan giam bai tiét HCOs-

- Thén tang bai tiét ion H+

- Sudi chuyén cua Cl- tur huyét trong vao trongqh(k)ng cau va HCO;-

tr hong cau ra huyét tuong do CO; ting 1én & t6 chuc (hién tuong
Hamberger).
3. Nhiém kiém chuyén héa:

- Phoi: giam thong khi

- Than: giam bai tiét, ion H'. Ngoai ra tuy nguyén nhan va muc do
ma than co t’hé tang bai xuat NaHCOs3, gidam xuat Clo, gidm san xuat NHj,
giam bai xuat cac acid hiru co.

- Bu do hé dém va trao ddi ion: mot phén bicarbonat chuyén doi
thanh H,CO3, mot phan H' tir ndi di chuyén ra ngoai bao.
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4. Nhiém kiém hé hdp:

- Thén ting bai tiét HCOs-

- Than giam bai tiét ion H"

Co su diéu chinh bang cach HCOs- vao trong hdng cau d6i lay ion
Cl- ra lai huyét twong do HCOs- thira nhiéu so véi pCO, do d6 du trir
kiém giam
V. Cac chi s6 co ban trong rdi loan cin bang Acid - Base
1. Céc chi 6 can theo déi.(Gid tri binh thuong)

pH = 7,36 - 7,45

PaCO, = 35-45 mmHg

HCO;" = 22 -27 mmol/l

BE = (-1) dén (+2) mmol/l
2. Thay déi bénh 1y.

Bang 9.2: Thay ddi bénh Iy trong roi loan thing bang kiém toan.

Chi s6 base Paco, pH
Tinh trang HCOy BE (ECF)
(mmol/l) (mmol/l) (mmHg)

Toan mau pH < 7,30
Kiém m4u pH > 7,50
Nhiém toan Cdp ) Binh thuong >50 W
ho hap Mén M () > 50 0
Nhiém kiém ho hap A L <30 M
Nhiém toan chuyén hoa <20 WA \2 NS
Nhiém kiém chuyén héa | >28 T+ 0 ™
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