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ABSTRACT

Objectives: This study was conducted to evaluate the measurement bias, correlation, and limits of
agreement between arterial and venous blood in electrolyte testing.

Methods: A prospective cross-sectional study was conducted at Gia Dinh People’s Hospital from
June to December 2025. Hospitalized patients with simultaneous orders for ABG and venous
biochemistry tests (using lithium heparin tubes) were enrolled. Paired arterial and venous blood
samples were collected concurrently and analyzed using the RapidPoint 500 blood gas analyzer
(direct ISE) and the AU5800 biochemistry analyzer (indirect ISE), respectively. Statistical analysis
included paired t-tests, Pearson correlation coefficients, and Bland-Altman plots.

Results: 347 paired arterial and venous blood samples. The mean electrolyte concentrations
in arterial blood were consistently lower than those in venous blood. The mean differences
(arterial - venous) were -3.11 mmol/L for Na*, -0.45 mmol/L for K*, and -2.58 mmol/L for CL, all of
which were statistically significant (p < 0.001). Pearson correlation analysis demonstrated strong
linear correlations between the two sample types (Na*: r=0.857; K*: r=0.887; Cl: r=0.853; all p <
0.001). However, Bland-Altman analysis revealed wide limits of agreement, particularly for Na* and
Cl. When compared with Total Allowable Error (TEa) criteria, the proportion of samples exceeding
acceptable clinical limits was substantial (Na*: 37.8%; K*: 33.4%; Cl: 82.7%), indicating limited
agreement between the two measurement methods.

Conclusions: This study demonstrated a significant difference between electrolyte results
obtained from arterial blood (direct ISE) and venous blood (indirect ISE). The observed bias
exceeded the Total Allowable Error, particularly for sodium (Na*) and chloride (Cl), indicating that
the two methods are not interchangeable in clinical practice. However, potassium (K*) results
obtained from arterial blood gas analysis may be used for reference in emergency situations when
venous sampling is not feasible, but they should be confirmed by standard biochemical testing
under routine conditions.
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PANH GIA SU TUO'NG DONG KET QUA DIEN GIAI
GIJ’A HE THONG KHi MAU PONG MACH VA HE THONG SINH HOA TU DONG

Huynh Ngoc Tan, V6 Anh Thoai’, D6 Thi Xuan DPao, Nguyén Huong Giang, Bang Thi Ngoc Sang
Bénh vién Nhan dén Gia Binh - 1 No' Trang Long, P. Gia Binh, Tp. H Chi Minh, Viét Nam
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TOM TAT

Muc tiéu: Nghién ctru nay dugc thuc hién nh&m danh gia sai s6, tuong quan va gidi han dong thuan
gitra mau dong mach va mau tinh mach trong xét nghiém dién giai do.

Phuong phap: Thiét k& mo ta cat ngang, tién clu, thuc hién tai Bénh vién Nhan dan Gia Dinh tur
thang 6-12 nam 2025. Déi tuong nghlen cliu la cac bénh nhan nhap vién cé ch| dinh xét nghlem
dong thai khi mau dong mach va xét nghiém sinh hoa hoac mién dich str'dung &ng lithium heparin.

Mo6i bénh nhan dugc lay 2 mau mau cung luc, phantich bang may | khi mau RapidPoint 500 (ISE truc
tlep) va may sinh héa AU5800 (ISE gian ti€p). Phan tich thong ké gdm kiém dinh t-test ghép céap, hé
s8 twang quan Pearson va biéu dé Bland-Altman.

Ket qua: 347 cap mAau mau dong mach va tinh mach dugc thu thap dong thoiva phén tich 3 thong
s0 dién giai gom Na*, K* va Cl. Gia tri trung, binh ctia cac chi s8 dién giai trong mau déng mach
déu thap hon so vdi mau tinh mach. Hiéu s6 ‘trung binh (d6éng mach - tinh mach) lan luot [a -3,11
mmol/L ddi vai Na*, -0,45 mmol/L d&i v&i K* va -2,58 mmol/L d6i vGi Ct; tat ca déu coy nghia thong
ké (p<0,001). Hé 6 tuong quan Pearson cho thay mai twang quan tuyen tinh manh gitra 2 loai mau
(Na*:r=0,857; K*:r=0,887;Cl':r=0,853;p<0 ,001). Tuy nhién, phéan tich Bland-Altman ghi nhan
gidi han dong thuan rong, dac biét déi véi Na* va Cl, K* c6 do lech nho hon Na* va Cl nhung van
khong dat chuan TEa ca vé bias va LoA. Khi d6i chidu véi giGi han sai s6 toan phan cho phép (TEa),
ty l& mau vugt ngudng chép nhéan lam sang & murc cao (Na™: 37, 8%; K*: 33,4%; Cl': 82,7%), cho thay
muc do khong dong thuan dang ké gitra 2 phuong phap do.

Ké&t luan: Nghién cltu cho thay ton tai su khac biét cé y nghia gitra két qua dién giai do tU mau dong
mach (ISE truc tiép) va mau tinh mach (ISE gian tiép). Mdrc do sai léch vugt ngudng sai s6 toan phan
cho phép, dac biét ddi véi Na* va Cl, cho thay 2 phuong phap khongthe st dung thay thé& cho nhau
trong thuc hanh lam sang. Tuy nhlen k&t qua K* tirkhi mau co thé dugc strdung dé tham khao trong
trudng hop cap ciu khi khong thé lay mau mau tinh mach, nhung can xac nhan lai bang xét nghiém
sinh héa trong diéu kién thudng quy.

T khéa: Dién giai do, khi mau dong mach, ISE truc tiép, ISE gian ti€p, mau tinh mach.

1. DAT VAN DE

Xét nghiém dién giai do (Na’, K*, Cl) c6 vai tro thiét yeu
trong danh gia va theo doi réi loan noi méi, toan-kiém va
chirc nangthan trong thu'c hanh lam sang [1 2]. Hién nay,
dién giai do c6 thé dugc do tir hai loai mau mau: mau
dong mach (tren may khi mau, ISE truc ti€p) va mau tinh
mach (tren may sinh hoa, ISE gian tlep) Tuy nhién, s
khac biét ve loai mau, phu’dng phap dova céc yéu té tién
phéan tich co thé dan dén sai s0, gay kho khan trong dién
giai két qua va lua chon hudng dieu tri phu hgp. Mac du
daco nhleu nghlen cltuqudctéso sanh gitra hailoai mau,

ket qua van con khong théng nhat va con nhiéu han ché
vé thiét k&, kiém soat ky thuat va cd mau [3-7].

Tai Viét Nam, chua co6 nghién cuu tién clru hé théng nao
danh gia van dé nay trong diéu kién bénh vién da khoa.

Xuéat phattu’nhu cauthuctién tai Bénhvién Nhan dan Gia
Pinh, nghlen cliu nay duoc tién hanh nham xéc dinh sv
khac biét va kha nangthaythe lAn nhau giira k&t qua dién
giai d6 tr mau déng mach va mau tinh mach, trong diéu
kién ky thuat dugc kiém soat chat ché. Chung toi thuc
hién nghién ctru nay véi 3 muc tiéu:

1. So sanh sw’khdc biét trung binh nbng do cacion Na*, K*,

Cl giita két qua thuc hién tir hé théng khi mau dong mach
va hé théng sinh hda tu’ dong;

2. Danh gia muc do tuong quan két qua thuc hién tr hé
théng khi méu déng mach va hé théng sinh héa tu’ dong;

*Tac gia lién hé

3. Xac dinh gidihan dong thuén (limits of agreement) gilra
két qua dién gigi 'd6 thuc hién tir hé théng khi mau dong
mach va hé théng sinh héa tuw dong.

2. DOI TUQNG VA PHUONG PHAP NGHIEN CU'U

2.1. Thiét k& nghién ctru

Nghién ctru mé ta, cat ngang, tién cliu, so sanh cap.

2.2. Dia diém va thdi gian nghién cltu

Nghién ctu dugc thuc hién tai Bénh vién Nhan dan Gia
Binh tlr thang 6-12 nam 2025.

2.3. C& mau nghién ctiu

Theo khuyén céo clia CLSI EP09-A3 [9], trong nghién cuu
so sanh phugng phap xét nghiém, viéc su’dung mau bénh
nhéan thuc t€ phan b6 trén toan dai gla tridocoy nghla
quan trong hon so vdiviéc tuan th( mot cong thirc tinh cd
mau c6 dinh. Huéng dan “nay khéng quy dinh c& mau t0|
thiéu b&t budc, nhung nhan manh rang sé lu’dng mau can
dd L&n dé udc lu’dng tin cay do lech (bias), gigi han dong
thuan va déanh gid kha nang chap nhan lam sang gitra hai
phuong phéap.

Trong nghién ctu nay, véi phuong phap thu mau lién tuc,
toan b6 cac trudng hogp dap ung tiéu chi chon mau trong
thoi gian nghlen ctu déu dugc dua vao phan tich. Téng
cOng 347 cap mau hgp & dugc thu thap, vugt xa ngudng
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thuong dugc dé xuét trong thuc hanh (40-100 cap mau), - Hé 86 twong quan Pearson: danh gia muirc do tuwang quan
qua do tdng do chinh xac clia udc lugng sai léch, thu hep tuyén tinh.

khoang tin cdy va nang cao gia tri suy luan lam sangcua . Phan tich Bland-Altman: xac dinh dé léch trung binh va
két qua. giGi han dong thuan (limits of agreement) gitra 2 phuong
2.4. Déi tuwgng nghién clru phap do.

Bénh nhan ndi trd tai BEnh vién Nhan dan Gia Binh dugc  2.8.Y dirc nghién ciru

dua vao nghién ctu khi c6 chi dinh xét nghiém khimau  pp ta nay da dugc Hoi dong Dao diic trong nghién ctu
dong mach va cac xét nghiém sinh hda st dung 8ng  y sinh hoc ctia Bénh vién Nhan dan Gia Dinh chap thuan

chéng donglithium heparin, véi 2 mau mau dugc lay dong ngay 4/8/2025 (Gidy chap thuan sé 114/NDGD-HPDD).
thoi. Mau mau déng mach dugc thu bang 6ng tiém trang

heparin long (khong céan bang) the tich 2 0,3 ml; mau = 2 2 .

mau tinh mach dugc thu bang 8ng lithium heparln the 3-KETQUANGHIEN cuu

tich =22 ml. Ca 2 mau déu duogc chuyen dén Khoa Sinh  Nghién c(u bao gom 347 cap mau mau dong mach va
hoa Huyet hoc cua bénh vién trong vong 30 phut sau khi  tinh mach thu thap dong thai tir cac bénh nhan dap ng
lay mau. tiéu chi. Céc chisb dién gidi dugc phan tich (Na*, K'va Cl)
2.5. Bi€n s nghién ctu nham so sanh su khac biét gitta 2 loai mau mau.

- Bién s6 chinh: ndng do Na*, K*, Cl trong méau déng mach 3.1. So sanh gia tri trung binh

va mau tinh mach, hiéu trung binh gitra 2 loai mau mau Bang1 So sanh gia trj trung binh

vai tung chi s8, muc do twong quan gitra 2 loai mau mau dién giai d6 mau déng mach va mau tinh mach
va gidi han dong thuén. . .

- Bién s6 phu: tinh trang chat lugng mau, thiét bi phan Chi lLrSo’o Gia tri tr,ungnbmh Gia tri tr‘,‘"%b'r:'h
tich (Rapid Point, AU5800), loai mau mau (déng mach, s6 ong | cuamaudong cuamautin
tinh mach). mau mach (mmol/L) mach (mmol/L)
2.6. Phuong phap nghién ctiu Na* 347 134 £6,57 137+ 6,38
Nghlen clu tién clfu, mo ta cat ngang. Bénh nhén co

chi dinh xét nghiém dbng thai khi mau dong mach va xét K* 347 3,45+0,74 3,90+0,78
ng_hlem sinh hoa su’dung dng lithium heparin dugc chon

mau lién tuc theo tiéu chixac dinh. Ct | 347 101,84 = 6,23 104,42 + 6,29

2 mau mau (ddng mach va tinh mach) dugc lay dongthai,
van chuy8n dén phong xét nghiém trong vong 30 phut. Gia tri trung binh cac chi s6 dién giai cila mau mau dong
Mau mau dong mach phan tich trén may RapidPoint 500 mach déu thdp hon so v6i mau mau tinh mach.

(ISE truc ti€p), mau mau tinh mach ly tam va phan tich  3.2. Kiém dinh paired t-test

trén may AUS800 (ISE gian tlep) Cac mau khong dat yéu Bang 2. Bang paired t-test két qua

cau (huyet glal duc, dong, thiéuthé tICh) bi loai khoi phan d|en g|a| do g|u’a 2 mau mau

tich.

K&t qua dién giai (Na*, K*, Cl) dudc ghi nhén qua phan . | Trungbinhswkhac | oo 0

mém Labconn va x&f y thong ké bing phan mém Stata. | Chisé | biét (dong mach - cay (9550 é” p*
Phan tich gom: kiém dinh t-test ghép cap, hé s6 tuong tinh mach) i

quan Pearson va biéu d6 Bland-Altman. Na* 311 3.48: 2751 | <0.001
2.7.Thu thap va x¥ ly sé liéu a — [-3,48; -2,75] ’

D{ liéu xét nghiém dién giai (Na K*, Cl) ctia 2 loai mau K* -0,45 [-0,49;-0,41] | < 0,001
mau duogc ty’ dong ghl nhan tu he thong may phan tich

(RapidPoint 500 va AU5800) thong qua phan mém cl -2,58 [-2,94;-2,22] | < 0,001
Labconn. Cac cap két qua dugc méa hda an danh va nhap

vao co s& dit liéu nghién clru. *: t-test (so sanh trung binh khéac biét vdi gia tri 0)
Phéan tich th&ng ké dugc thuyc hién bdng phan mém Stata,  Phan tich kiém dinh t ghgp cép (paired t-test) cho thay sy
bao gom: khac biét gitra 2 loai mau mau co y nghia thong ké & ca
- Théng ké mé ta: tinh trung binh, d6 léch chuén (X +SD) 3 chi s6 (p < 0,001). Hiéu s6 trung binh (bias) gitta mau
clia ting chi s6. ddong mach va mau tinh mach ctia Na*, K" va Cl lan lugt

14-3,11 mmol/L, -0,45 mmol/Lva-2,58 mmol/L. Didu nay
cho thay gia tri do tU mau doéng mach c6 xu hudng thap
hon so véi mau tinh mach.

- Kiém dinh t-test ghép cap: so sanh gia trji trung binh gitra
hai loai mau.

3.3. Twong quan Pearson

Twong quan gitra Na” déng mach va tinh mach Tuong quan gitra K* d4ng mach va tinh mach Tuwong quan gilra CI” dong mach va finh mach

r=0.857;p<0.001 r=0.887,;p<0.001 r=0.853;p<0.001
160.00 Lo 130,00

ach (mmolL)

300

Na“ a6ng mach (mmoliL)
K’ 86ng mach (mmolL)
-

Cr dgng m

2001 o0
"

110,00 12000 130.00 140.00 150.00 160.00 200 300 400 500 600 7.00 80.00 90.00 100.00 11000 120.00 130.00
Na' finh mach (mmoid) K tinh mach (mmotiL) I tinhmach (mmoliL)

Bi€u dd 1. Twong quan Pearson giira Na*, K* va Cl' ddng mach va tinh mach

Hé s& tuwong quan Pearson cho thdy méi twong quan tuyén tinh chat giiia 2 loai mau & tat ca cac chisé (Na*: r=0,857,
K*:r=0,887, Cl:r=0,853).

TAt ca cac hé s8 tuong quan déu cd y nghia théng ké véi p < 0,001, chirng minh réng gia tri dién giai gitta 2 loai mau c6
sy tuong quan.
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3.4. Phan tich Bland-Altman

. —— Bias
=== LoA
TEa

iéu 56 Na+ (DM - TM) (mmol/L)
I
&

Hi
|
&

110 120 130 140 150

Bias =-3,171 mmol/L; LoA: -9,91 dén +3,68 mmol/L;
TEa: =4 mmol/L

Trung binh Na+ déng mach va tinh mach (mmol/l)

Bi€u db6 2. Biéu d6 Bland-Altman Na+ déng mach
va tinh mach

. — Bias
== LoA

4 L]
0.5 TEa

0.0

Hiéu 58 K+ (DM - TM) {(mmaol/L)

Bias =-0,45 mmol/L; LoA: -1,17 dén +0,26 mmol/L;
TEa: 0,3 mmol/L

Trung binh K+ déng mach va tinh mach (mmol/l)

Bi€u db 3. Biéu do Bland-Altman K+ dong mach
va tinh mach

10

Hiéu 58 Cl+ (DM - TM) (mmol/L)

80 90 100 10 120 130

Bias =-2,58 mmol/L; LoA: -9,23 dén +4,07 mmol/L;
TEa: 5 mmol/L

Trung binh Cl- déng mach va tinh mach (mmol/l)
Biéu db 4. Biéu db Bland-Altman Cl- déng mach
va tinh mach

Phan tich Bland-Altman cho thay:
Na*: hiéu sé trung binh (bias) gitra mau ddéng mach vatinh
mach (& -3,11 mmol/L, véi giéi han dong thuan 95% tir
-9,91 dén +3 68 mmol/L. Bidu do 2 chothay phan bé diém
tuong dai déu guanh dudng trung binh, nhung khoang

dong thuén réng, vugt muc sai s6 toan phan cho _phép
(TEa = 4 mmol/L), cho thay su khac biét dang ké vé mat
ldm sang.

K*: bias la -0,45 mmol/L (biéu dd 3), véi gigi han dong
thuan tu -1, 17 dén +0,26 mmol/L. Mac du c6 su sai léch
am nhe va phan (&n didm nam trong khoang dong thuan,
ngudng sai s6 van vugt nhe gidi han cho phép (TEa +(, 3
mmol/L), nhung co thé xem xét trong mot sé tinh huong
ldm sang cap culu.

Cl (bi€u db 4): bias 14-2,58 mmol/L, gidi han dong thuan
tlr-9,23 dén +4,07 mmol/L. K&t qua cho thay khoang sai
léch rong tvong tuw nhu Na’, va vugt xa mirc TEa cho phep
(= 5% so Véi gia tri thuc), do dé khong t thé thay thé mau
mau tinh mach bang khi mau cho chi sé nay.

Bang 3. Bias, LoA va ty l& cdp mau vuot TEa

Bias ,,
A LoA Sé ) 1A
o | S | wtitor| S | g | T8
sé -tinh agree- mau | 86 cap nguéng
mach) ment) vuot mau TEa
(mrnol/L) (mmol/L) | TEa
Nat | 3,11 |21 dN| 431 | 347 | 37,8%
K| 045 |TI8JENT 116 | 347 | 33,4%
ct | -288 |923dN1 287 | 347 | 82,7%

Phan tich cho thay ty & Cap mau vuot ngudng sai s8
toan phan cho phep (TEa) & ca 3 chi sé dién giai déu @
muc dang ké. Cu thé, c6 131/347 cép mau Na* (37, 8%)
va 116/347 cap mau K* (33,4%) vuot qua gidi han cha
nhén ldm sang. Dang chuy, Cl ghinhén ty & vugt TEa rat
cao, lén dén 82,7% (287/347 cap mau), phan dnh murc
doé khong dong thuan rd rét gitra hai phuong phap ddi vai
thong so nay.

4. BAN LUAN

Nghién ctru nay danh gia muc do dongthuan va kha nang
thaythe gitra k&t qua dién giai do tr mau déng mach (ISE
truc ti€p) va mau tinh mach (ISE gian tiép) trong dleu kién
thyc hanh lam sang thu’dng quy. Méc du cé 3 chi s6 Na*,
K* va Cl déu cho thay méi tuong quan tuyén tinh manh
(r>0,85;p<0,001), tén tai sy sai biét trung binh coynghla
thong ke V6i gia tri ti* mau dong mach luon thap hon so
véi mau tinh mach. Diéu nay khang dinh rangtu’dng quan
cao khong dong nghia vdi kha nang thay thé 1am sang.

Phan tich Bland-Altman cho thdy mirc do phén tan rong,
déc biét déi véi Na* va Cl. Khi d6i chiéu voi gidi han sai so
toan phan cho phép (TEa) theo khuyén céo cuia CLIA va
CLSI EP09-A3 [9], ty l& mau vugt ngudng chap nhan lam
sang & murc dang ké (Na*: 37,8%; K*: 33,4%; CL: 82 ,7%),
vuot xa muc 10-15% dugc xem la gidi han dé can nhac
kha nang thay thé [9]. Céc két qua nay cho thay dién giai
do tur khi mau dong mach chua dat muc do dong thuan
can thiét dé sir dung thay thé hoan toan xét nghiém sinh
héa tinh mach.

Su khac biét cé thé bat ngudn tur nhleu yeu to: khac biét
ban Chat gitra phuong phap ISE truc ti€p va glan ti€p, anh
hu’dng cla pha loang do heparin long trong mau khi mau,
clng nhu cac yéu to tlenAphan tichva sinh ly dong mach -
tinh mach. Nhiing co ché nay phu hgp vdicac nghlen cliu
quoc té trudc day, trong do K* thu’dngla ch| s6 c6 muc
do dong thuan cao nhat, song song van ton tai sai léch
phuong phap [5].

T géc do thuc hanh lam sang, cac két qua nay hamyréng
dién giai do ti khi mau khéng nén dugc str dung thay the
hoan toan xét nghlem sinh héa tinh mach. B&i vai K, sai
l&ch nho hon va gan ngudng chap nhan, nén cé the su
dung nhu théng tin tham khdo ban dau trong cap cuu.
Tuy nhién, van can xac nhan lai bang xét nghiém sinh héa
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tiéu chudn s&m nhat c6 thé dé dam bao an toan diéu tri.

Vi c@ mau &n, thiét ké tién cliru va phéan tich toan
dién bao gom t-test ghép cap, tuong quan Pearson va
Bland-Altman ddi chiéu TEa, nghién ctu cung cap bang
ching thuc hanh c6 gia trj trong béi canh bénh vién da
khoa. Tuy nhién, viéc khong phan tich dugi nhém bénh ly
cu thé, khéng phan tich &nh hu’dng cla 1 heparin ldng dén
pha loang mau va su khac biét ban chat gitra 2 loai mau
xét nghiém la nhitng han ché can dugc can nhéc khi dién
gidi két qua.

Két qua cua nghlen clru nay phu hgp véi mot sé nghién
clu quéc té trude do, nhu Ustundanga cong suw(2019),
Prasad H va cong su (2023) déu ghi nhan tuwaong quan tot
nhung sai léch c6 y nghia gitra 2 phu’dng phap do dién
giai [6- 7] Tuy nhién, nghlen clru nay c6 diém manh a
kiém soat t8t cac yéu t6 tién phan tich (lay mau don

thai, van chuyen nhanh, loai tr* mau huyet g|a|/duc) sur
dung cOdmau lén (347 cap) va ap dung day du cac phuong
phap thong ké phu hgp nhu t-test ghép cap, tvong quan
Pearson va phan tich Bland-Altman.

Bén canh do, nghién clru cling cé mét s han ché. Tha
nhat, chua phan tich du’o’l nhém bénh nhan theo tinh
trang lam sang (vi du: r6i loan toan-kiém, séc, suy than),
von cé thé anh hudng dén sy bién dong dlen giai. Th( hai,
nghién cttu chithuc hién taimot co s vai 2 he thong may
cu thé, nén két qua c6 thé chua dai dién cho tat ca cac
mo h|nh xét nghiém tai cac bénhvién khac.

5. KET LUAN

Két qua nghién cdu cho thay ton tai sy khac biét cé y
nghia gitra ndng do dién giai do tr mau dongmach va
mau tinh mach. Sai léch trung binh va gidi han dong thuéan
vUgt ngudng sai s6 toan phan cho phép khang dinh rang
2 phuong phap nay khong thé sir dung thay thé cho nhau
trong thuc hanh ldm sang, dac biét doi vai Na*va Cl. Tu
nhién, két qua xét nghiém K* tir khi mau co thé duoc st
dung, dé tham khao trong trudng hop cap ctru khi khong
thé& ldy mau mau tinh mach, nhung cén xac nhén lai bang
xét nghiém sinh héa trong dleu kién thuong quy.
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