The NEW ENGLAND JOURNAL of MEDICIN

REVIEW ARTICLE ‘

Cac rdi loan dich va dién giai
Julie R. Ingelfinger, M.D., Editor

Van deé kiém-toan trong toan ceton do dai thao dwdng

Bién dich: Bs. Huynh Pham Hoang Nam
Kamel S. Kamel, M.D., and Mitchell L. Halperin, M.D.

From the Renal Division, St. Michael’s ai nay tap trung vao 3 van dé chinh clia bac silam sang cham séc bénh

Hospital and University of Toronto, and nhan nhiém toan ceton do dai thao dudng; tat ca déu lién quan cac roi loan kiém
Keenan Research Center, Li Ka Shing t V,z dx dx tién 1a khoa t z . h ,ztt 5 tinh tv 1& th dx.
Knowledge Institute of St. Michael’s ~toan. Van de dau tién [a khoang trong anion huyét twong va tin ty ¢ thay doi
Hospital, University of Toronto, Toronto. trong khoang trong nay véi sy thay doi trong ndng dé bicarbonate huyét twong
Address reprint requests to Dr. Halperin trén nhitng bénh nhan nay; mdi quan tam thd 2 1a truyén finh mach natri

at the Department of Medicine, Univer- bi b t 5 thir ba 12 h.;' t 5i b . thx X hx d.x t.; hil NG
sity of Toronto Keenan Research Center, IPar 9n’a eya LP_ a ? nhiem toan nol 69 CO, e gop phan Ien‘ _Ien, p U nao,
Li Ka Shing Knowledge Institute of St. dac biét & tré em bj nhiem toan ceton do dai thao dwdng. Trong bai bao nay,
Michael's Hospital, 30 Bond St., Rm. ching toi kiém tra cac di liéu sén cé va cb gang tdng hop di liéu véi cac

408, Toronto, ON M5B 1W8, Canada, or

~ |: . h h d-); h\ h 2 h 7 Y X h 7 d’;{ |A Y
at mitchell.halperin@utoronto.ca. nguyén ly sinh hoc, dieu hoa chuyén hda va cung cap hudng dan lam sang

N Engl ) Med 2015;372:546-54.

DOI: 10.1056/NEJMra1207788 Bicarbonate huyét twong va Khoang tréng anion huyét twong
Copyright © 2015 Massachusetts Medical Society.

Sw tich tu ceton acid trong dich ngoai bao lam mét cac anion bicarbonate va
lam t&ng cac anion ceton acid. Do ting dwong huyét gay bai niéu tham thau va
bai tiét natri thAdm thAu, bénh nhan nhiém toan ceton do dai thdo dwéong thwong
c6 biéu hién gidm thé tich dich ngoai bao rd rét. Yéu té nay lam anh hwéng dén
danh gia trang thai can bang kiém toan va mét s6 phwong phap diéu tri.

Xac dinh mirc d6 nang clia toan chuyén héa mau thweng dwa vao mae do
gidm clia ndng dé bicarbonate huyét twong. Tuy nhién, nhw trong phwong trinh
dwéi day mé ta, ndng do bicarbonate huyét twong chi gidm vira phai khi co ca sw
thiéu hut Ién clia bicarbonate trong dich ngoai bao va su giam nang cua thé tich
dich ngoai bao. Thiéu hut bicarbonate & bang chung rd rang trong qua trinh tai
mé& rdng thé tich dich ngoai bao khi ding nuéc mudi sinh ly:

Nong dé bicarbonate dich ngoai bao [HCO,1=Lwong HCO,™ trong
dich ngoai bao + thé tich dICh ngoai bao.

Nguwoi ta thdy bd sung cac anion méi lam tang khodng tréng anion huyét
twong, day |a khac biét gitra ndng dd cac cation chinh trong huyét twong
(Na+) va cac anion chinh trong huyét twong (CI- va HCO3-). Sy khac biét
nay chi yéu do mang lwdi hoa tri anion trong protein huyét twong, cha yéu
la albumin. Mot cam bay khi dung khodng tréng anion huyét twong la
khong thé hiéu chinh dwoc héa tri am do albumin huyét twong. Viéc diéu
chinh nay phai dwoc thuc hién khong chi khi ndng dé albumin huyét twong
gidm ma ca khi n6 tang lén; trwdng hop thi hai co thé xay ra trén bénh
nhan nhiém toan ceton do dai thdo dwdng gidm rd rét thé tich dich ngoai
bao. Dbi véi mbi l1an gidm 1g/dl ndng dd albumin huyét twong véi gia tri
binh thwdng 1a 4g/dl, ngwoi ta nén bb sung 2.5 mmol/l vao gia tri tinh toan
cta khodng tréng anion huyét twong. V&i mdi lan tang 1g/dl néng do
albumin huyét twong, ngwdi ta nén trir di 2.5 mmol/l tiv gia tri tinh toan cla
khoang trdng anion huyét twong. Ngay ca vé&i didu chinh nay, cé vé nhw
héa tri &m cta albumin da tang lén khi c6 sy gidm dang ké trong thé tich
mau déng mach hiéu qua va do do tang gia tri khodng tréng anion huyét
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céac van dé kiém - toan trong dai thao dudng

Mbi quan hé gitra tang (A) trong
nébng doé bicarbonate huyét twong va
giam (A) trong ndng dd bicarbonate
huyét twong (A-A) — dwoc dung dé wéc
tinh mrc d6 tai lwong acid va dé phat
hién sy xuat hién cac réi loan toan kiém
ddng méc. M6t vai nghién cku chirng
minh toan ceton do dai thao dwdng, ty
& gitra tdng khoang trébng anion huyét
twong vé&i gidm ndng do bicarbonate huyét
twong |a khoang 1. Diéu quan trong dé
nhan ra ty 1& nay dwa trén “néng dd” cha
khong phai “ham lwong” va phai tinh dén
nhirtng thay dbi trong thé tich dich ngoai
bao khi s dung ty |& nay dé danh gia
tai lwong acid mau. Vi du, hdy xem xét
bénh nhan nir mac dai thao dwong tip 1
nang 50kg va thé tich dich ngoai bao trong
trang thai 6n dinh 14 10 lit. Bénh nhan c6
ndbng dod bicarbonate huyét twong la
25 mmol/l va khodng trbng anion huyét
twong la 12 mmol/l. Sau khi nhiém toan
ceton do dai thao dwong, bénh nhan co
ndng doé bicarbonate huyét twong gidm
xudng con 10 mmol/l va khoang tréng
anion tang lén 27 mmol/l. B&i vi tang
dwong huyét gay bai niéu thdm thiu va
bai tiét natri thAm thAu lién quan nhiém
toan ceton dai thao dwdng, thé tich dich
ngoai bao hién tai chi khoang 7 lit. Mac du
ty & gitra thay ddi trong khodng tréng
anion huyét twong va thay déi trong ndng
dd bicarbonate huyét twong la 1:1, sw
thiéu hut bicarbonate va lwong ceton acid
duwoc gilr lai trong dich ngoai bao khdéng
bdng nhau. M&c gidm ham luwong céac
ion bicarbonate huyét twong 1a 180 mmol
([25 mmol/l x 10 Iit] - [10 mmol/l x 7 lit]),
trong khi d6 mrc tang cac anion ceton acid
chi la 105 mmol ([khodang 0 mmol/l x 10 lit] +
[15 mmol/ I x 7 lit]).

Nhirng tinh todn nay cho thdy mét thanh
phan khac cla bicarbonate méat khi toan
ceton (trc la cac anion ceton acid dwgc bai
tiét trong nuwdc tiéu cung voi cac ion Na+
hoac K+); day 1a 1 dang mét natri bicarbonate
gian tiép (hinh 1) ma khéng biéu hién bang
tang khoang tréng anion huyét twong. Mét khi
thé tich dich ngoai bao duoc gia tdng bang
cach truyén nwédc mudi sinh ly, sy thiéu hut
cac ion bicarbonate tré thanh bang ching
v&i cac bac si lam sang, b&i vi giam khoang
trbng anion huyét twong sé khéng phu hop
véi tinh trang twong tw khi tdng ndng doé cac
ion bicarbonate.

Mét natri bicarbonate gian tiép nay cé thé la
dang chiém wu thé (va dai khi la duy nhat) cta
nhiém toan chuy&n héa & mot sd bénh nhan
nhiém toan ceton do dai thao dwong.

by 3
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Bicarbonate

Dung natri bicarbonate dé diéu tri toan chuyén
héa cép gay ra do san xuét qua mic acid
hiru co dang con tranh céi. Toan mau nang cé
thé lién quan gidm kha ning co bdp tim, gidm
dap wng catecholamin ndi sinh va c6 khuynh
hwéng gay réi loan nhip tim, tat ca diéu nay gép
phan lam réi loan huyét dong. Ngoai ra, toan
mau n&ng co thé can tr& sw gan két insulin voi
thu thé cGa no, dan dén gidm kha ning cla
insulin trong viéc lam cham tbc dd san sinh toan
ceton.

Trong 3 tht» nghiém ngau nhién cé dbi chirng
trén téng s6 73 bénh nhan, cac nha nghién ctru
nhan thdy anh hwéng cla natri bicarbonate &
ngwdi trwdng thanh véi nhiém toan ceton do
dai thao dwong. Bénh nhan cé bénh déng méc
nang (nhw nhdi mau co tim cap, xuét huyét tiéu
hda, suy than man hodc nhiém trung huyét

Khoang dich
ngoai bao

e

B-HB '+ Na'mat CO,+H,0 mit qua
qua nworc tiéu hé hap

Hinh 1. Natri bicarbonate mét gian tiép trong giai
doan dau dot toan ceton do dai thao dwong.
B-hydroxybutyric acid dwoc san xuét tai gan, phan ly
trong dich ngoai bao thanh B-hydroxybutyrate anion
(B-HB") va hydrogen ion (H*). Mét bicarbonate
(HCO,7) va Na* xay ra gian tiép bang 2 con
duong khac nhau. M4t ion bicarbonate xay ra khi
né phan tng véi H+ tao ra CO2 va nwéc (H20),
CO2 méat qua qua trinh hé hap. Na+ mat qua bai

xuét nwéc tidu véi B-hydroxybutyrate.
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trong 6 bung) duoc loai trir khoi 3 thir
nghiém nay. Trén co s& danh gia két qua co
ban nhu thay déi pH déng mach, ndng do
bicarbonate huyét twong va mirc d6 cac chét
chuyén hoa, s dung natri bicarbonate
khoéng mang lai lgi ich. Ap lwc déng mach
trung binh chi dwoc bao cao trong 1 nghién
ctru. Chung tdi khong thé tim thay nhivng két
qua dwoc cong bd tir nhirng thir nghiém co
ddi chirng nghién ctru vé anh hwéng cla
natri bicarbinate déi véi ty Ié t& vong, 6n dinh
huyét déng hoac ty 1& méc cac bién chirng
nhw nhdi mau co tim, tén thwong than cap
hoac dét quy trén bénh nhan toan mau nang.
Trén bénh nhan cé néng do bicarbonate
huyét twong rat thdp, bd sung mét lwong nhd
hydrogen sé tao ra mirc giam twong tng Ién
hon & ca néng do bicarbonate huyét twong
va pH. Vi dy, gidm 1 nra nong do
bicarbonate huyét twong sé Iam pH dong
mach gidm con 0.3 don vi néu ap suét riéng
phan clia CO2 trong mau déng mach
(PaC0O2) khéng gidm (va trong hau hét

trwong hop, PaCO2 sé khon%gam do pénh
nhan dang trong tinh trang t ong khi toi da).

Pé duw doan bénh nhan nhiém toan ceton
do dai thao dwong cé thé bi toan mau néng
hon, ngudi ta phai hiéu cac yéu tb
anh hwdng téc d6 san xuét va loai bd toan
ceton. Quéa trinh oxy héa acid béo chubi
dai (nhw palmitic acid) trong ty thé cuda
gan tao a coenzyme A (tién chét tao toan
ceton); trong khi d6 nicotinamide adenine
dinucleotide (NAD*) bij khtr thanh NADH va
flavin adenine dinucleotide (FAD) bi khtr
thanh dang hydroquinone, FADH,.”® Do cac
dong yéu tb quan trong nay chi hlen dién voi
néng dd rat nhd trong ty thé, NADH phai dwoc
chuyen thanh NAD* va FADH, phéi duwoc
chuyén thanh FAD néu qua tr|nh san xuét
toan ceton tiép tuc. Sw chuyén déi nay xay ra
trong qua trinh phosphoryl héa oxy héa lién
két (hinh 2), trong d6 adenosine
triphosphate (ATP) dwoc tai tao tlr adenosine
diphosphate (ADP). Ngworc lai, qua trinh thay
phan ATP (dé 1am chirc ndng sinh hoc) dan
dén sy hinh thanh ADP. Do d6, toc do thyc
hién chirc nang sinh hoc va do sdn cé cla
ADP d3 dat ra gi¢i han vé tbc dd phosphoryl
hoa oxy héa. Trén bénh nhan nhiém toan
ceton do dai thao dwéng &n it protein, bd sung
amino acid la khéng di dé cho phép tang téc
do tdng hop protein & gan, qua trinh nay st
dung ATP.

Do d6, gan khong thé lam vié {éu qua
dé san xuat du lwong ADP hodc chuyén dd
NADH thanh NAD+ (va FADH2 thanh FAD),
do do6 dat ra gidi han tbc do6 san xuét toan
ceton.

Ty lé quan séat thdy khi sdn xuét toan ceton
trong thoi gian déi kéo dai (khoang 1500
mmol/ngdy) cho thay c6 nhiéu con dwdng
trong gan c6 thé vwot qua gidi han san xuét
toan ceton do cung cap khong da ADP. Mt
kha nang la qua trinh phosphoryl héa oxy héa
khong lién két, trong doé cac ion hydro quay
lai ty thé bang cac kénh ion hydro tach roi voi
qua trinh chuyén ADP thanh ATP (Hinh 2).
Trie khi qua trinh phosphoryl héa oxy hoda
tach roi rd rét trong qua trinh nhiém toan
ceton do dai thao dwdng, cé kha ning tbc dod
san sinh toan ceton sé khéng cao hon dang
ké so v&i nhirng bénh nhan nhiém ceton mau
vi nhin doi kéo dai. Do d6, d0 nang cla toan
mau co thé dién tién nghiém trong trén bénh
nhan nhiém toan ceton do dai thao dwdng do
giam chuyén héa loai bé toan ceton.

Toan ceton chi yéu bj oxy héa & ndo va
than. Cac nguyén tac diéu hoa qua trinh trao
ddi chét twong tw ap dung cho viéc loai bd
ching (nghfa la téc dd st dung ATP d&t lam
gi&i han trén cho tdc dd oxy héa nang lwong,
trong trwong hop khong cé toc dd thich hop
phosphoryl hda oxy héa khang lién két). Bénh
nhan nhiém ceton do nhin doi kéo dai chi
nhiém toan mau mirc dd nhe, do toc d6 dao
thai toan ceton & nao va than phu hop véi
tbc do san xuét toan ceton & gan. Trong qua
trinh nhiém ceton do nhin d6i kéo dai, ndo co
thé oxy héa khodng 800 mmol toan ceton
mbi ngay. Néu téc do tai hap thu natri & than
di&n ra binh thwédng, than sé oxy hoa khoang
250 mmol toan ceton va bai tiét khoang 150
mmol cac anion toan ceton (phan I6n la
amoni NH4+) méi ngay. Trong nhirng trudng
hop nhw vay, can bang kiém toan dwoc bdo
tdn; sw chuyén hoéa cac anion toan ceton
hodc bai tiét qua nuéc tiéu dwdi dang NH4+
la nhw nhau vi cac ion bicarbonate méi duwoc
s&n xuét khi cac ion NH4+ dwoc bai tiét.

Hau hét bénh nhan nhiém toan ceton do
dai thao duwong khong can phai truyén natri
bicarbonate, b&i vi insulin truyén vao sé lam
cham téc do san sinh ceton acid va cac ion
bicarbonate sé dwoc tao ra khi cac anion
ceton acid bj oxy héa. Tuy nhién, sau khi dung
insulin, tbc dd san xuét ceton acid cé thé giam
trong vai gio. Ngoai ra, san xuét cac ion
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Hinh 2. Qua trinh oxy héa lién két va khdng lién két cac acid béo trong ty thé.

The inner mitochondrial membrane with its outer layer and inner layer is shown. Oxidation of palmitoyl coenzyme A
(CoA) in hepatic mitochondria produces acetyl CoA and converts mitochondrial nicotinamide adenine dinucleotide
(NAD™) to its reduced form, NADH, and flavin adenine dinucleotide (FAD) to its hydroquinone form, FADH,.
Oxidation of NADH and FADH, produces electrons. Flow of these electrons through the electron transport chain
releases energy that is used to pump hydrogen ions (H*) from the mitochondrial matrix through the inner
mitochondrial membrane. This creates a huge electrochemical driving force for the reentry of H*. The energy is
recaptured as H* ions flow through the H* channel portion of the H*—ATP synthase in the inner mitochondrial
membrane, which is coupled to the conversion of adenosine diphosphate (ADP) plus inorganic phosphate (Pi) to
adenosine triphos-phate (ATP). In uncoupled oxidative phosphorylation, H* ions reenter mitochondria through
uncoupling protein channels (UCPs); these H* channels are not linked to the regeneration of ATP,? which permits a
higher rate of conversion of NADH to NAD* and FADH, to FAD when little ADP is present.

bicarbonate sé& gidm néu nao va than oxy héa
ceton acid it hon. Téc d6 sivr dung ATP trong
ndo gidm khi hén mé va khi an than bang
thubc hodc rwou, bdi vi cac tinh trang nay cé
thé 1am gidm qua trinh chuyén hoa trong nao.
Trén bénh nhan c6 dd loc cau than (eGFR) rat
thap do giam rd rét thé tich mau déng mach
hiéu qua, viéc loai bd ceton acid cla than
gidm do gidm tbc do oxy hdéa hydroxybutyrate
va gidm bai tiét NH4+. Hon thé nira, khi ting
thé tich mau dong mach hiéu qua xay ra khi
truyén nhanh nwéc muébi sinh ly ¢6 thé dan dén
gidm thém néng do bicarbonate huyét twong,
thtr nhét 13 do pha loang va th& 2 do cac ion
bicarbonate dwoc loai béd do cac hydrogen
lien két v&i cac protein ndi bao trong co. Cac

ion hydrogen nay dwoc phéng thich theo mirc
PaC02 trong mau & cac mao mach co gidm
khi ddng mau dén co dwoc cai thién va do do
hé dém bicarbonate lam viéc hiéu qué hon dé
loai bd lwong hydrogen. Ngoai ra, khi eGFR
tang, bai tiét nwdc tiéu cac ion ceton acid dan
dén lam mét cac anion cé thé dwoc chuyén
héa dé san xuét cac ion bicarbonate.

Mé&c du con nhiéu y kién trai chiéu, khong
nén truyén natri bicarbonate trén bénh nhan
nhiém toan ceton do dai thdo duwong triv khi
pH ddng mach <6.9, chung toi dé& xuét quyét
dinh diéu tri nay trén bénh nhan trwéng thanh
nhiém toan ceton do dai thdo dwéng phai ca thé
héa diéu tri va khdng nén chi dwa vao gia tri pH
mau.
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Diéu tri bang natri bicarbonate cé yéu cau trén
bénh nhan ma 1 thanh phan Ién clia toan mau
do nhiém toan chuyén héa ting clo mau, b&i vi
chiing khéng c6 da anion tuan hoan dé chuyén
héa va san xuét ion bicarbonate, va toan mau
nhanh chéng chuyén bién x4u di khi truyén
nhanh nwéc muéi sinh ly, xem chi tiét & phan
trén.

Diéu tri bAng NaHCO3 ciing c6 thé can nhac
khi diéu tri ban dau trong nhém nhé bénh nhan
duoc cho la ty 1& dao thai ceton acid thép (tirc
la nhitng bénh nhan suy gidm nhan thirc rd rét
hodc ¢6 rdi loan chirc nang than dang tién trién
tlr truwdrc [eGFR < 30 mi/ph]), dé tranh gidam pH
huyét twong 1 cach nguy hiém va cé thé gay
xAau di tinh trang huyét dong. Déi v&i nhitng
bénh nhan nay, natri bicarbonate nén duoc
truyén voi tbe do phi hop véi téc do san xuét
ceton acid trong gan, khoang 60 mmol/h, trén
co s& di liéu tr moét nghién clru & bénh nhan
trwdng thanh toan mau do nhin déi. D liéu vé
loi ich clia cach tiép can nay dang thiéu trong
thtr nghiém lam sang trong d6 két cuc vé phuc
hdi &n dinh huyét dong va ty 1& méc cac bién
chirng nhw nhdi mau co tim, tén thuong than
cép, dot quy dwoc danh gia trong nhém nhd
bénh nhan trwédng thanh bj toan mau mirc d6
trung binh - nang (pH<7.2 va bicarbonate
huyét twong <12 mmol/l) va trong mét tinh
trang huyét dong khong 6n dinh.

Trong nodt nghién ctru da trung tam, kiém
chirng bang ca lam sang, hdi ctru trén bénh nhi
nhiém toan ceton do dai thao duwdng, Glaser
cling cdng sw da quan sat thdy nguy co' phui ndo
gia tang dang ké & nhirng bénh nhan c6 PaC02
thap hodc BUN cao khi co triéu chirng hodc
da duwoc truyén natri bicarbonate. Su két hop
nay khéng chirng minh dwg'c nguyén nhan

cling nhu khong loai trir cac yéu td gay
nhiéu khac chwa dwoc phan tich va co thé
anh huéng dén su két hop nay, dic biét lién
quan st dung natri bicarbonate. Hon thé nira,
nguy co phu ndo do truyén natri bicarbonate
c6 thé gia tdng néu bénh nhan ciing nhan 1
lwong 16N insulin. Tuy nhién, xét vé tac hai co
thé xay ra, chung téi théng nhét rang khong
nén truyén natri bicarbonate & tré& em nhiém
toan ceton do dai thao dwong trir khi toan
mau rd rét (pH <6.9 va ndng dd bicarbonate
huyét twong < 5mmol/l) va ching khéng co
dap trng vé&i tha thuat tiéu chuan dé khoi phuc
lai tinh trang huyét dong.

Phu nao trong qua trinh
dieu trij

Ty & phu ndo trong qué trinh diéu tri nhiém toan
ceton do dai thdo dwéng & tré em van con cao
dén khong chap nhan duoc. Brown nhdn manh
la bién chirng dang so nay xay ra thudng xuyén
nhét lGc mai bat dau diéu tri. Tai sao phu ndo
lai xu4t hién khi bt dau diéu tri? C6 y kién cho
rang giam twéi mau ndo da xuét hién trude khi
diéu tri nhiém toan ceton dai thao duwdng cé thé
gay khuynh hwéng phu ndo luc xay ra tai twdi
mau. M6t nghién ciru dbi chirng ca lam sang
vé nhiém toan ceton do dai thao dwdng cé bién
chirng phii ndo & tré em tai Anh cho thay tré
em dién tién phu ndo cé mirc d6 toan mau
nang hon nhiing tré khong tién trién phu nao.
Trong nghién ctru do, ca 2 cach diéu tri truyén
insulin trong gi&r dau tién sau khi bat dau diéu tri
va truyén lwong dich I&n trong 4 gior dau (diéu
chinh theo d6 nang clia toan mau) cé lién quan
tang nguy co’ phu ndo.

Phi ndo xdy ra khi cac té bao trong ndo swng
lén, thé tich dich ngoai bao tang lén trong ndo
hodc ca 2. Cac té& bao ndo phu 1&n khi cé mot luc
tham thau I&n tao sy thuan loi di chuyén nuéc
trong té bao, do tinh thdm thau hiéu qua trong
t& bao ndo cao hon tinh thdm th4u hiéu qua
trong huyét twong & cac mao mach gan hang
rao mau - ndo. Cac phuwong trinh dwéi day cho
thay suw khac biét gitra tinh d6 tham thau huyét
twong toan phan va tinh d6 thdm thau huyét
twong hiéu qua. Ca 2 céch tinh déu dung don
vi mOsm/l. D& chuyén tir mg/dl sang mmol/l,
noéng dd glucose mau trong huyét twong tinh
bang don vi mg/dl nén chia cho 18 va néng do
urea nitrogen mau (BUN) tinh bang mg/dl nén
chia cho 2.8.

Trong céch tinh d6 thdm thau huyét twong
toan phan, ngudi ta tinh dén cac thanh phan
thdm th4u tham gia chinh - Natri va céc ion di
kém ciling nhw glucose va ure. Do ure dwoc
van chuyén qua hau hét hang rao té bao va dat
dwoc néng dé bang nhau trong dich ngoai bao
va dich ndi bao, nén ure khéng phai la chat thdm
thau hiéu qua.
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B-HB"

MCT Dich ngoai bao

Insulin dwoc str dung
lien két v&i thu thé

Thu thé
Insulin

B-HB-

Tang cuc bd [H*]

Protein

3Na*

ProteineH* 2K

Na*
Tang [Na']

ATPase

Té bao ndo
Pién thé am hon
K+ dwoe gitr lai
H,0
Téng s6 lwong thAm thau

hiéu qua (K*, Na* hodc ca 2)
thic day kéo nudc vao té bao

AQP

Hinh 3. Téng théng lwong (Flux) thong qua bd trao dbi Natri - Hydrogen 1 dan dén ting sé

lwgng tham thau hiéu qua trong cac té bao nao.

Tang xam nhap B-hydroxybutyric acid vao trong té bao théng qua chat dong van chuyén monocarboxylic acid
(MCT) va sw phan ly sau d6 thanh cac anion 8-HB~ va H* c6 thé dan dén tang dang k& ndng d6 ion H+ trong
khu vuc mang té bao cuc bo noi t& bao thiét bi trao dbi natri - hydrogen 1 dwoc d&t (NHE-1). NHE-1 dwoc
kich hoat b&i néng d6 cao ctia H+ trong phan bén trong té bao khi cac ion H+ lién két véi mét vi tri bién dbi
NHE-1 s& lam tang thdm thAu hiéu qua cac ion Na+ di vao trong, trong khi d6 phan Ién H+ thoat ra tir cac t&
bao nay la thdm th&u khong hiéu qua; hau hét cac ion H+ nay lién két véi cac protein ndi bao (proteineH*). Néu
dung lwong 16N insulin trong qua trinh diéu tri, Na+ sé di vao cac té bao nay thong qua NHE-1 c6 thé dwoc san
xuét nher Na-K-ATPase dién di, ma dwoc insulin kich hoat. Téng dién thé am néi bao c6 thé gay hién twong
git lai cac ion K+ trong nhirng té bao nay, thic day dong nwéc chay qua théng qua cac kénh nwéc aquaporin
(AQP) trong céc té bao nay. Cho du qua trinh nay lam tang Na+, K+ ho&c ¢ 2, thi hiéu qua cudi cung la tang
s6 lwong tham th&u hiéu qua trong té bao nao.

Diéu nay nghia la ure khdng c6 khad nang tao trong d6 gébm cac té bao ndo. Do dé, ure
gradient thdm thau théng qua cac hang réo t& nitrogen mau (BUN) trong cong thirc tinh do
bao dé& anh hudng dén sw phan bd nwéc gitba  thdm thau huyét twong hiéu qua & bénh nhan
thé tich dich ngoai bao va thé tich dich ndi bao, nhiém toan ceton do dai thao dudng.
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Do tham thau toan phan trong huyét twvong nwéc mudi nhwoc trwong hodc dextose 5%

= 2 x [Na+ mau] + [glucose mau]/18 +
[blood urea nitrogen (hay BUN)]/2.8

va

D6 tham thau hiéu qua trong huyét twong =
2 x [Na+ mau] + [glucose mau]/18

Tang sb lwong thdm thau ndo noi bao co
thé xuat hién cung véi tdng dong natri di vao
cac t& bao ndo (hinh 3). Ndng dd cao céac
ion hydrogen trong té bao nao c6 thé
kich hoat cac co ché van chuyén ion natri
trong mang té bao, chd yéu 1a co ché
trao dbi natri - hydrogen. Néng do cac ion
hydrogen trong té bao ndo cé thé ting
khi acid beta-hydroxybutyric di vao cac té
bao trén co ché déng van chuyén
monocarboxylic acid. Trao ddi cation nay
cling duwoc kich hoat b&i ndng dd insulin
trong dich k&. Chung t6i dy doan sau khi
bénh nhan nhiém toan mau nang duoc
truyén lwong I&n insulin, chat trao dbi
natri-hydrogen 1 trong mang té bao nao
cé thé duwoc kich hoat. Piéu nay sé ting
sb lwong thdm thau hiéu qua trong té
bao, do cac ion natri di vao chung,
trong khi phan I&én ion hydrogen
thoat ra khong hiéu qua vé mat thdm thau,
do chung lién két v&i cac protein ndi bao.
Truyén 1 liéu insulin bolus la 1 phan diéu tri
ban d4u cé thé mang lai tdc dung manh hon
trong viéc kich hoat chat trao déi cation
1 nay, khi hang rdo mau - ndo c6 thé dé
thdm insulin hon. Cac hwéng dan hién nay
diéu tri nhiém toan ceton do dai thao dwdng
khuyén cao khdéng nén tiém bolus insulin
vao tinh mach. Néu trao ddi cation théng
qua chéat trao ddi ion natri - hydrogen 1
tang hon nira khi pH trong dich ngoai bao
tdng, didu nay co thé dwoc giadi thich it
nhat 1 phan la tdng nguy co phiu ndo & tré
em nhiém toan ceton do dai thao dwdng khi
truyén natri bicarbonate.

Giam do thdm thau hiéu qua trong huyét
twong cé thé do gidm nhanh ndng d6 glucose
huyét twong, tdng lwong nwéc khéng cé chat
dién giai hodc ca 2. Gidam nhanh ndng do
glucose huyét twong xuét hién khi lwong 16n
glucose dwoc chuyén hoa, bai tiét qua nwéc
tidu (do tdng GFR sau khi tai mé& rong thé
tich mau déng mach hiéu qud), hoac ca 2.

Tang nuéc khdng co chét dién giai co thé

trong nwéc dé ngan nglra tén thwong than
kinh do thiéu glucose ndo khi ndéng dd
glucose mau gidm. Sau khi chuyén hoa
glucose, moét Ilwong I6n nwédc khdng céd
chét dién gidi co thé dwoc gilv lai trong co
thé. Cac ngudn khac cla nudc khéng chira
chat dién gidi khong rd rang. Bénh nhan
nhiém toan ceton do dai thdo dworng thudng
tiéu thu nhiéu chét dich chira glucose (hodc
sucrose) hodc nuwéc dé 1am diu con khat. Qua
trinh tiéu thu dich nay cé thé gitv lai trong da
day do t&ng dwéong huyét 1am cham qua trinh
lam réng da day. Néu qua trinh 1am réng da
day xay ra khi diéu tri, dich nay sé& dwoc hap
thu trong ruét non va dan dén tang lwong nuéc
khéng c6 dién gidi. Thwc hanh lam sang
thuwdng quy 1a truyén lwong 1én nwéc mubi sinh
ly cho bénh nhan nhiém toan ceton do dai thao
dwong; nudc khdng cé dién gidi co thé duoc
tao ra trong co thé théng qua khtr muéi. Néu
phéng thich vasopressin (do xuét hién kich
thich khong thdm thau), tai hap thu nwédc sé
tang trong cac phan xa cGa nephron. Khi néng
dd glucose trong nwéc tiéu giam, ndng dd natri
sé tang va lwong mudi sinh ly dw thira khi
dung sé thai qua nwéc tiéu dwdi dang dung
dich wu trrong (cho bénh nhan)

Khoang ké clia thé tich dich ngoai bao trong
nao s& mé rong néu tang ap suét thay tinh mao
mach, gidm ap suét thdm thau keo huyét tuong,
tang tinh th&m mao mach hoac tat ca yéu t6 nay.
Do nuwéc mudi sinh ly dwoc phan bd ban dau
trong huyét twong va tién vao hang rao mau-
nao trwdc khi can bang véi toan bo thé tich dich
ngoai bao, nén diing qua nhiéu nudc mudi sinh
ly c& thé lam ting ap suét thiy tinh mao mach,
gidm ndéng dod albumin mau va do d6 gidm ap
suét thdm thau keo mao mach. Hon thé nira,
c6 béng chirng cho thdy hang rao mau - ndo co
thé bj rd 11 & thoi diém bénh nhan nhiém toan
ceton dwoc dwa vao bénh vién.

V6i phan tich nhw trén, mét s6 bién phap can
tap trung cé thé can nhéc khi diéu tri bénh nhan
nhiém toan ceton do dai thao dudng. Gidm nguy
co’ pht ndo, chung téi d& nghi khdng dwoc phép
gidm do tham thau hiéu qua trong huyét twong
trong 15 gi® diéu tri dAu tién, khoang thdi gian
ma hau hét xay ra phu ndo. Pang chu y trong
nghién clru clia Glazer va céng s, khong tang
ndéng dd natri mau trong quéa trinh diéu trj lién
quan
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tdng kha néng phu ndo. Khi K+ can thiét,
muc tiéu nay c6 thé dat dwoc néu Kali
chloride thém vao nwéc muébi sinh ly
0.9%, v&i néng dd 30-40 mmol/l. Cach
diéu tri nay c6 dod thdm thau hiéu qua
gan voi nwéc tiéu & nhirtng bénh nhan
nay tai thoi diém d6. Do tré em nhiém
toan ceton dai thao dwdng cé néng do
natri mau gan binh thwdng, mirc do tang
natri mau sé dién tién theo mrc dich
truyén, nhwng day la sy danh déi quan
trong dé ngan ngtra giam do thdm thau
hiéu qua trong huyét twong. Néu truyén
glucose dé ngén ngtra tdn thwong than
kinh do thiéu glucose néo khi néng do
glucose mau gidm, hay than trong bu
dich sao cho thé tich nwéc khong coé chét
dién giai 1a nhoé nhat.

Bac si lam sang nén khai thac ky tién
st truyén dich va xem cac d4u hiéu 1am
sang chi ra da day dang tréng gan day,
v&i nguy co kém theo 1a tai hap thu nwéc
khéng c6 chat dién giai & rudt. Cac dau
hiéu nay la khéng gidm nhiéu ndng do
glucose mau khi tang bai tiét glucose
qua nuéc tidu hodc dot ngdt gidm do
tham thau hiéu qua trong huyét twong,
s& xay ra néu chi nhap nwéc ma khong
cé dwdng. Hap thu nhanh lvong nwéc
ubng vao c6 thé gay giam dang ké do
thdm thau héu qua trong mau dong
mach, hién twong nay khong thé phat
hién qua cac xét nghiém mau tinh mach.

Chi nén truyén lwong I&n nwdc mubi
sinh Iy chi khi cp ctvu huyét dong. Muc tiéu
truyén NaCl 0.9% nén Ia duy tri 6n dinh
huyét dong. St dung Hct va Na+ mau

B

dé’u’(yc tinh thé tich dich ngoai bao va mac do
thiéu hut ion natri trén ttrng bénh nhan nhiém
toan ceton do dai thao duwdng.

Téng két

Chung t6i xem xét 3 van dé lién quan rdi
loan kiém toan va y nghia lam sang cac van
dé& nay trén bénh nhan nhiém toan ceton do
dai thao dworng. Toan mau trén hau hét
bénh nhan c6 tinh trang nay & do méat natri
bicarbonate gian tiép. Qua trinh nay khéng
duwoc goi y tir ty 1€ 1:1 cla sw tang khoang
trbng anion huyét twong dén gidm ndng do
bicarbonate huyét twong do cach tinh nay
dwa vao “ndng dd” chir khéng phai “ham
lwvong”. Toan mau nang trén mot bénh nhan
nhiém toan ceton do dai thao dwéng co thé
do gidm tdc do loai b ceton acid & ndo va
than hon la chi do gan téng san xuét ceton
acid qua murc. Kich hoat chat trao déi natri -
hydrogen 1 trong cac té bao ndo do nhiém
toan ceton ndi bao dan dén ting do tham
thau hiéu qua va do dé gép phan tién trién
phl ndo & tré em nhiém toan ceton do dai
thao dwong.

Dr. Halperin reports holding a patent on the use of sodium-
linked glucose transporter 2 inhibitors to increase the excretion
of water in patients with hyponatremia (US 8,518,895,B2) and a
pending patent application on the use of sodium-linked glucose
transporter 2 inhibitors to increase urine volume and lower solute
concentration in the urine (08578 11286 PSP). No other potential
conflict of interest relevant to this article was reported.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

We thank Drs. Arlan Rosenbloom, Brian Robinson, and Rob-

REFERENCES

ert Jungas for their critique and helpful suggestions in the
preparation of an earlier version of the manuscript, and S.Y.

1. Emmett M. Anion-gap interpretation: 6. Kamel KS, CheemaeIbadlicrdtatiflanssigieatdaent. London: Taylor and Francis,

the old and the new. Nat Clin Pract
Nephrol 2006;2:4-5.

2. Kraut JA, Madias NE. Serum anion
gap: its uses and limitations in clinical
medicine. Clin ] Am Soc Nephrol 2007;2:
162-74.

3. Feldman M, Soni N, Dickson B. Influ-
ence of hypoalbuminemia or hyperalbu-
minemia on the serum anion gap. J Lab
Clin Med 2005;146:317-20.

4. Carvounis CP, Feinfeld DA. A simple
estimate of the effect of the serum albu-
min level on the anion Gap. Am J Nephrol
2000;20:369-72.

5. Figge], Jabor A, Kazda A, Fencl V. An-
ion gap and hypoalbuminemia. Crit Care
Med 1998;26:1807-10.

perin FA, Vasudevan S, Halperin ML. An-
ion gap: may the anions restricted to the
intravascular space undergo modification
in their valence? Nephron 1996;73:382-9.

7. Rastegar A. Use of the DeltaAG/Del-
taHCO3- ratio in the diagnosis of mixed
acid-base disorders. ] Am Soc Nephrol
2007;18:2429-31.

8. Goodkin DA, Krishna GG, Narins
RG. The role of the anion gap in detecting
and managing mixed metabolic acid-base
disorders. Clin Endocrinol Metab 1984;
13:333-49.

9. Adrogue HJ, Madias NE. Diabetic
and other forms of ketoacidosis. In: Ge-
nari FJ, Adrogue HJ, Galla JH, Madias
NE, eds. Acid-base disorders and their

2005:313-51.

10. Halperin ML, Kamel KS. Some obser-
vations on the clinical approach to meta-
bolic acidosis. J Am Soc Nephrol 2010;21:
894-7.

11. Oh MS, Carroll HJ, Uribarri J. Mecha-
nism of normochloremic and hyperchlo-
remic acidosis in diabetic ketoacidosis.
Nephron 1990;54:1-6.

12. Gamblin GT, Ashburn RW, Kemp DG,
Beuttel SC. Diabetic ketoacidosis present-
ing with a normal anion gap. Am J Med
1986;80:758-60.

13. Adrogué HJ, Wilson H, Boyd AE III,
Suki WN, Eknoyan G. Plasma acid-base
patterns in diabetic ketoacidosis. N EnglJ
Med 1982;307:1603-10.

N ENGLJ MED 372;6 NEJM.ORG FEBRUARY 5, 2015

Downloaded from nejm.org by LUAN NGUY EN THANH on September 28, 2022. For persona use only. No other uses without permission.

The New England Journal of Medicine

Copyright © 2015 Massachusetts Medical Society. All rights reserved.

553


http://www.foxitsoftware.com/shopping

554

ACID—BASE PROBLEMS IN DIABETIC KETOACIDOSIS

14. Narins RG, Cohen JJ. Bicarbonate
therapy for organic acidosis: the case for
its continued use. Ann Intern Med 1987;
106:615-8.

15. Kraut JA, Kurtz I. Use of base in the
treatment of severe acidemic states. Am J
Kidney Dis 2001;38:703-27.

16. Sabatini S, Kurtzman NA. Bicarbon-
ate therapy in severe metabolic acidosis.
J Am Soc Nephrol 2009;20:692-5.

17. Kraut JA, Madias NE. Treatment of
acute metabolic acidosis: a pathophysio-
logic approach. Nat Rev Nephrol 2012;8:
589-601.

18. Adrogué HJ, Madias NE. Management
of life-threatening acid-base disorders —
first of two parts. N Engl ] Med 1998;338:
26-34.

19. Mitchell JH, Wildenthal K, Johnson
RL Jr. The effects of acid-base disturbanc-
es on cardiovascular and pulmonary
function. Kidney Int 1972;1:375-89.

20. Wildenthal K, Mierzwiak DS, Myers
RW, Mitchell JH. Effects of acute lactic
acidosis on left ventricular performance.
Am J Physiol 1968;214:1352-9.

21. Davies AO. Rapid desensitization and
uncoupling of human beta-adrenergic re-
ceptors in an in vitro model of lactic aci-
dosis. J Clin Endocrinol Metab 1984;59:
398-405.

22. Huang YG, Wong KC, Yip WH, Mc-
James SW, Pace NL. Cardiovascular re-
sponses to graded doses of three cate-
cholamines during lactic and hydrochloric
acidosis in dogs. Br J Anaesth 1995;74:
583-90.

23. Sonne O, Gliemann J, Linde S. Effect
of pH on binding kinetics and biological
effect of insulin in rat adipocytes. J Biol
Chem 1981;256:6250-4.

24. Gamba G, Oseguera J, Castrején M,
Gomez-Pérez FJ. Bicarbonate therapy in
severe diabetic ketoacidosis: a double
blind, randomized, placebo controlled
trial. Rev Invest Clin 1991;43:234-8.

25. Hale DJ, Crase ], Nattrass M. Meta-
bolic effects of bicarbonate in the treat-
ment of diabetic ketoacidosis. Br Med J
(Clin Res Ed) 1984;289:1035-8.

26. Morris LR, Murphy MB, Kitabchi AE.
Bicarbonate therapy in severe diabetic ke-
toacidosis. Ann Intern Med 1986;105:836-
40.

27. Chua HR, Schneider A, Bellomo R.
Bicarbonate in diabetic ketoacidosis — a
systematic review. Ann Intensive Care
2011;1:23.

28. Lipid metabolism: ketone bodies. In:
Voet D, Voet JG. Biochemistry. 4th ed.
New York: John Wiley, 2011:959-61.

29. Nobes CD, Hay WW Jr, Brand MD.
The mechanism of stimulation of respira-
tion by fatty acids in isolated hepatocytes.
J Biol Chem 1990;265:12910-5.

30. Mitchell P. Coupling of phosphoryla-
tion to electron and hydrogen transfer by
a chemi-osmotic type of mechanism. Na-
ture 1961;191:144-8.

31. Mitchell P. Keilin’s respiratory chain
concept and its chemiosmotic conse-
quences. Science 1979;206:1148-59.

32. FlattJP. On the maximal possible rate
of ketogenesis. Diabetes 1972;21:50-3.
33. Jungas RL, Halperin ML, Brosnan JT.
Quantitative analysis of amino acid oxida-
tion and related gluconeogenesis in hu-
mans. Physiol Rev 1992;72:419-48.

34. Kamel SK, Lin SH, Cheema-Dhadli S,
Marliss EB, Halperin ML. Prolonged total
fasting: a feast for the integrative physi-
ologist. Kidney Int 1998;53:531-9.

35. Owen OE, Felig P, Morgan AP, Wahren
J, Cahill GF Jr. Liver and kidney metabo-
lism during prolonged starvation. J Clin
Invest 1969;48:574-83.

36. Rolfe DF, Brand MD. The physiologi-
cal significance of mitochondrial proton
leak in animal cells and tissues. Biosci
Rep 1997;17:9-16.

37. Quant PA, Robin D, Robin P, Girard J,
Brand MD. A top-down control analysis
in isolated rat liver mitochondria: can the
3-hydroxy-3-methylglutaryl-CoA pathway
be rate-controlling for ketogenesis? Bio-
chim Biophys Acta 1993;1156:135-43.

38. Owen OE, Morgan AP, Kemp HG, Sul-
livan JM, Herrera MG, Cahill GF Jr. Brain
metabolism during fasting. J Clin Invest
1967;46:1589-95.

39. Brosnan JT, Lowry M, Vinay P, Gou-
goux A, Halperin ML. Renal ammonium
production — une vue canadienne. Can J
Physiol Pharmacol 1987;65:489-98.

40. Kety SS, Polis BD, Nadler CS, Schmidt
CF. The blood flow and oxygen consump-
tion of the human brain in diabetic acido-
sis and coma. J Clin Invest 1948;27:500-10.
41. Balaban RS, Mandel LJ. Coupling of
aerobic metabolism to active ion transport
in the kidney. J Physiol 1980;304:331-48.
42, Gowrishankar M, Kamel KS, Hal-
perin ML. A brain protein centered view
of H+ buffering. ] Am Soc Nephrol 2007;
18:2278-80.

43. Savage MW, Dhatariya KK, Kilvert A,
et al. Joint British Diabetes Societies
guideline for the management of diabetic
ketoacidosis. Diabet Med 2011;28:508-15.
44, Kitabchi AE, Umpierrez GE, Miles JM,
Fisher JN. Hyperglycemic crises in adult
patients with diabetes. Diabetes Care
2009;32:1335-43.

45. Glaser N, Barnett P, McCaslin I, et al.
Risk factors for cerebral edema in chil-
dren with diabetic ketoacidosis. N Engl J
Med 2001;344:264-9.

46. Wolfsdorf], Craig ME, Daneman D, et
al. Diabetic ketoacidosis in children and
adolescents with diabetes. Pediatr Diabe-
tes 2009;10:Suppl 12:118-33.

47. Sperling MA. Cerebral edema in dia-
betic ketoacidosis: an underestimated
complication? Pediatr Diabetes 2006;7:73-
4.

48. Brown TB. Cerebral oedema in child-
hood diabetic ketoacidosis: is treatment a
factor? Emerg Med ] 2004;21:141-4.

49. Glaser NS, Marcin JP, Wootton-Gorg-
es SL, et al. Correlation of clinical and
biochemical findings with diabetic keto-
acidosis-related cerebral edema in chil-
dren using magnetic resonance diffusion-
weighted imaging. J Pediatr 2008;153:
541-6.

50. Edge JA, Jakes RW, Roy Y, et al. The
UK case-control study of cerebral oedema
complicating diabetic ketoacidosis in
children. Diabetologia 2006;49:2002-9.
51. Dunger DB, Sperling MA, Acerini CL,
et al. European Society for Paediatric En-
docrinology/Lawson Wilkins Pediatric
Endocrine Society consensus statement
on diabetic ketoacidosis in children and
adolescents. Pediatrics 2004;113(2):e133-
€140.

52. Hoorn EJ, Carlotti AP, Costa LA, et al.
Preventing a drop in effective plasma os-
molality to minimize the likelihood of
cerebral edema during treatment of chil-
dren with diabetic ketoacidosis. J Pediatr
2007;150:467-73.

53. MacGregor IL, Gueller R, Watts HD,
Meyer JH. The effect of acute hyperglyce-
mia on gastric emptying in man. Gastro-
enterology 1976;70:190-6.

54. Carlotti AP, St George-Hyslop C,
Guerguerian AM, Bohn D, Kamel KS, Hal-
perin ML Occult risk factor for the devel-
opment of cerebral edema in children
with diabetic ketoacidosis: possible role
for stomach emptying. Pediatr Diabetes
2009;10:522-33.

55. Steele A, Gowrishankar M, Abraham-
son S, Mazer CD, Feldman RD, Halperin
ML. Postoperative hyponatremia despite
near-isotonic saline infusion: a phenom-
enon of desalination. Ann Intern Med
1997;126:20-5.

56. Hoffman WH, Steinhart CM, el Gam-
mal T, Steele S, Cuadrado AR, Morse PK.
Cranial CT in children and adolescents
with diabetic ketoacidosis. AJNR Am J
Neuroradiol 1988;9:733-9.

57. Krane EJ, Rockoff MA, Wallman JK,
Wolfsdorf]JI. Subclinical brain swelling in
children during treatment of diabetic ke-
toacidosis. N Engl J] Med 1985;312:1147-
51.

58. Halperin ML, Maccari C, Kamel KS,
Carlotti AP, Bohn D. Strategies to dimin-
ish the danger of cerebral edema in a pe-
diatric patient presenting with diabetic
ketoacidosis. Pediatr Diabetes 2006;7:191-
5.

59. Shafiee MA, Charest AF, Cheema-
Dhadli S, et al. Defining conditions that
lead to the retention of water: the impor-
tance of the arterial sodium concentra-
tion. Kidney Int 2005;67:613-21.

60. Napolova O, Urbach S, Davids MR,
Halperin ML. Assessing the degree of ex-
tracellular fluid volume contraction in a
patient with a severe degree of hypergly-
caemia. Nephrol Dial Transplant 2003;18:
2674-7.

Copyright © 2015 Massachusetts Medical Society.

N ENGL ) MED372;6 NEJM.ORG FEBRUARY 5, 2015

The New England Journal of Medicine
Downloaded from nejm.org by LUAN NGUY EN THANH on September 28, 2022. For persona use only. No other uses without permission.
Copyright © 2015 Massachusetts Medical Society. All rights reserved.



