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ABSTRACT

Objective: To establish age- and sex-specific serum creatinine reference intervals for healthy
Vietnamese children.

Subjects and Methods: A cross-sectional study was conducted in 3,547 healthy children aged
from birth to <19 years who were recruited from the community in seven provinces and cities
across Vietnam between 2024 and 2026. Serum creatinine concentrations were measured using
an enzymatic assay on the Roche cobas pro platform. Outliers were identified and excluded using
the Horn method. The need for age and sex partitioning was evaluated using the Harris-Boyd
method, the Mann-Whitney U test, and Cliff’s delta. Reference intervals were established using
the nonparametric approach in accordance with the CLSI EP28-A3c guideline.

Results: Serum creatinine concentrations varied markedly with age, being highest during the
neonatal period, decreasing rapidly within the first two weeks after birth, and gradually increasing
until adolescence. All predefined age boundaries met the criteria for partitioning, whereas sex-
specific reference intervals were required only for the 15 to <19 years age group. Age- and sex-
specific serum creatinine reference intervals were established for healthy Viethamese children.

Conclusion: Age- and sex-specific serum creatinine reference intervals for healthy Viethamese
children were established in accordance with the CLSI EP28-A3c guideline. These reference
intervals provide a basis for interpreting serum creatinine results in pediatric patients.
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TOM TAT
Muc tiéu: Thiét lap khoang tham chiéu creatinine huyé&t thanh theo tudi va gidi & tré em Viét Nam
khde manh.

DPai twgng va phuwong phap nghién ciru: Nghién ciru mé ta cat ngang dudc thuc hién trén 3.547
tré em khde manh tir so sinh dén dudi 19 tudi, tuyén chon tir cdng déng tai 7 tinh, thanh phé cua
Viét Nam trong giai doan 2024-2026. Nong do creatinine huyét thanh dugc dinh lugng bang phuong
phép enzym trén hé théng Roche cobas pro. Gia tri ngoai lai dugc xac dinh va loai triy bAng phuong
phap Horn. Nhu cau phan nhém theo tudi va gidi dugc danh gia bang phuong phap Harris-Boyd,
kiém dinh Mann-Whitney U va Cliff’s delta. Khodng tham chiéu dugc thiét lap bang phuong phap
phi tham s& theo huéng dan CLSI EP28-A3c.

Két qua: Nong do creatinine huyét thanh thay ddi ré rét theo tudi, cao nhat & giai doan so'sinh, giam
nhanh trong hai tuan dau sau sinh va tang dan dén tudi vi thanh nién. T4t ca cac ranh gidi tudi dugc
xac dinh trudc déu dap ung tiéu chi phan nhom, trong khi khoang tham chiéu riéng theo gidi chi
can thiét 8 nhém tudi tir 15 dén dudi 19 tudi. Nghién cru da thiét lap khoang tham chiéu creatinine
huyét thanh theo tudi va gidi cho tré em Viét Nam khde manh.

Két luan: Nghién cltu da thiét lap khoang tham chiéu creatinine huyét thanh theo tudi va gidi & tré
em Viét Nam khde manh theo huéng dan CLSI EP28-A3c. Céc khoang tham chiéu nay la co s& dé
dién giai két qua xét nghiém creatinine & bénh nhi.

Tt khéa: Creatinine; Khoang tham chiéu; Tré em; CLSI EP28-A3c; Roche cobas pro.

1. DAT VAN DE

Creatinine huyét thanh la xét nghiém hoda sinh dugc
sr dung thudng quy dé danh gid chic nang than, phat
hién tén thuong than cdp va man, dong thoi la théng sd
quan trong dé tinh murc loc cau than udc tinh (estimated
glomerular filtration rate - eGFR). Theo huéng dan Kidney
Disease: Improving Global Outcomes (KDIGO) nam 2024,
creatinine van [a ddu &n ndi sinh dugc st dung phd bién
nhat trong danh gia chirc nang than. O tré em, viéc dién
giai két qua can dua trén khoang tham chiéu phu hgp vdi
tudi va phuong phap xét nghiém nham bao dam dé chinh
x&c trong chan doén va theo déi bénh than [1].

Khoang tham chiéu (KTC) la co s& dé dién giai k&t qua
xét nghiém, gitip nhan dién cac gia tri ndm ngoai gigi han
sinh ly binh thudng va hd trg chan doén, theo di cling nhu
ra quyét dinh ldm sang. Theo hudng dan CLSI EP28-A3c,
khoang tham chiéu chi co gia tri khi dugc thiét lap hodc xac
nhan trén quan thé khde manh phi hgp vdi déi tugng phuc
vu va hé thong xét nghiém dang s dung. Do khéac biét vé
d&c diém quan thé va nén tang phan tich, viéc ap dung truc
ti€p khoang tham chiéu tir cac nghién ctru khac c6 thé dan
dén dién giai khdng chinh xac két qua xét nghiém [2].

& tré em, nbng do creatinine bién d&i rd rét theo qua
trinh phat trién: cao trong giai doan sd sinh, gidam nhanh

*Tac gia lién hé

trong nhitng tudn dau sau sinh, sau dé tang dan theo sy
phat trién clia khéi co va chic nang than; tir tudi day thi
xuét hién sy khac biét giita nam va nir [3,4]. Vivay, khoang
tham chiéu creatinine can dugc phan tang theo tudiva, &
mot sé giai doan, theo gidi.

Nhiéu nghién clru quy mo L&n trén thé gidi nhu chuong
trinh CALIPER tai Canada va PRINCE tai Trung Quéc da
thiét lap khoang tham chiéu creatinine & tré em khoe
manh, déng thdi cho thdy khoang tham chiéu chiu anh
hudng cua quan thé nghién citu va hé théng phan tich
[3-5]. Tai Viét Nam, dr liéu thiét lap khoang tham chiéu
creatinine & tré em khde manh con han ché va chua
cb nghién cttu quy md Lén trén hé théng Roche cobas
pro theo huéng dan CLSI EP28-A3c. Vi vay, nghién cliu
nay dugc thuc hién nhdm thiét lAp khoang tham chiéu
creatinine huyét thanh theo tudi va gidi & tré em Viét Nam
khoe manh trén hé théng Roche cobas pro.

2. DOI TUONG VA PHUONG PHAP NGHIEN CU'U
2.1. Thiét ké va daéi tuwgng nghién ciru

Nghién ctu mé ta cit ngang dudc thuc hién trén 3547
tré em khée manh tir 0 dén dudi 19 tudi tuyén chon tir
cdng dong tai 7 tinh/thanh phd dai dién cho céc vung dia
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ly cta Viét Nam (Lao Cai, Ha N6i, Vinh Phuc, Thanh Héa,
Hué, Gia Lai va Vinh Long), theo khuyén cdo CLSI EP28-
A3c. Nghién clitu dugc tién hanh tlr thang 04 nam 2024
dén thang 4 nam 2026

Tiéu chuan lua chon gom: khéng mac bénh cdp tinh, man
tinh hodc bénh di truyén; khéng sir dung thudc cé anh hudng
dén két qua xét nghiém; tinh trang dinh dudng binh thudng;
tré sinh non hoac c6 can nang lic sinh thap dugc loai trir.

Ban dau, dit liéu dugc chia thanh cdc nhém tudi (< 14
ngay, 14 ngay - <2tudi, 2-<5 tudi, 5-<12 tudi, 12-<15 tudiva
15-<19 tudi) dua trén dac diém phét trién sinh ly. Nhu cau
phan nhom tudi va gidi tiép tuc duge danh gia trong qua
trinh phan tich théng ké theo huéng dan CLSI EP28-A3c.
2.2. Bién s nghién ctru

C4c bién nghién cltu bao gom tudi, gidi tinh, ndng do
creatinine huyé&t thanh (umol/L), phan nhém tudi va gidi,
s8 lugng mau trong titng nhém tudi, gigi han duéi (LL)
(P2,5), gigi han trén (UL) (P97,5) va khoang tin céay (Cl)
90% cua khoang tham chiéu.

2.3. Thu thap va phan tich mau

Mau mau tinh mach dugc thu thap tir 7h00 dén 10h00
sang vao 8ng khéng chla chat chéng dong, dé déng tu
nhién & nhiét dé phong trong 30 phut, sau dé ly tam &
4.000 vong/phut trong 10 phit. Cac mau khéng dat tiéu
chuén tién phéan tich (tan mau, duc hodc khéng du thé
tich) dugc loai khéi nghién ctru. Huyét thanh dugc bao
quan & -80°C. Mau dugc van chuyén dén Khoa Hoéa sinh,
Bénh vién Nhi Trung uong va phan tich trong vong 2 thang
ké tir thoi diém bao quan.

Néng dé creatinine huyét thanh dudc dinh luong bang
phuong phap enzym trén hé thdng Roche Cobas Pro.
Phuaong phéap dugc chudn hda theo phuong phap tham
chi€u pha lodng déng vi - khéi pho (IDMS) theo cong bé
clia nha san xuét.

2.4. Kiém soat chat lwong

Sir dung vat liéu ndi kiém Bio-Rad hai mic dé danh
gia d6 chum va do dang clia xét nghiém, theo déi két qua
theo céc quy tAc Westgard. Khi xét nghiém dat tiéu chuan
chat lugng méi duge dua mau vao phan tich. Phong xét
nghiém thuc hién ndi kiém hang ngay va tham gia chuong
trinh ngoai kiém chat lugng theo quy dinh.

2.5. Phan tich théng ké

Xt ly s6 lieu theo hudng dan CLSI EP28-A3c. Gia tri
ngoai lai dugc xac dinh va loai bd bang phuang phap Horn.
Viéc phan nhém theo gigi dugc danh gia trong tirng nhom
tudi bang kiém dinh Mann-Whitney U, phuong phap Harris-
Boyd khi z > z* va kich thudc hiéu ng Cliff’s delta [6].
Kich thudc hiéu tng dugc dién giai nhu sau: khéng dang
ké (<0,147), nhé (0,147-<0,33), trung binh (0,33-<0,474)
va l6én (20,474) [7]. Khoang tham chiéu riéng theo gidi chi
dugc xem xét khi kich thudc hiéu ing dat it nhat mure trung
binh va dong thoi thda man céc tiéu chi phdn nhém [6-8].

Khoang tham chiéu dugc udc tinh bang phuong phap
phi tham s6 khi s8 luong mau clia nhém tudi 2120. Gidi
han dudi va gidi han trén clia khoang tham chiéu dugc
xac dinh tuong (ng tai phan vi 2,5 va 97,5; khoang tin cay
90% dudc udc tinh bang phuong phap bootstrap 2.000
an. Phan tich théng k& duoc thuc hién bang phan mém
R phién ban 4.5.2.
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2.6. Pao di'c nghién ctru

Nghién cltu dugc phé duyét bdi Hoi dongDao dirc Bénh
vién Nhi Trung uong (3054/BVNTW-HDPDD, 30/11/2023).
Cha me/ngudi giam hd va tré > 13 tudi dudc giai thich va
doéng y ty nguyén tham gia bang van ban. Moi théng tin
clia déi tugng nghién clru dugc gilt bi mat va chi sir dung
cho muc dich nghién ctru.

3. KET QUA
Bang 1. Dac diém daéi tugng nghién cru

Nhémtusi |C% mau \[1g Nam Khoang

n n (%) n(%) [tudi(ngay)
<14 ngay 154 | 62(40,3) | 92(59,7) | 0-13

14ngay<2tudi| 581 | 260(44,8) | 321(55,2) | 14-729
2 <tudi 568 | 256 (45,1) | 312 (54,9) | 730-1825
5<12tudi | 1.224 | 567 (46,3) | 657 (53,7) |1826-4382
12<15tudi | 390 | 198(50,8) | 192 (49,2) |4383-5477
15<19tudi | 630 | 373(59,2) | 257 (40,8) |5478-6939

Téng 3.547 |1.716(48,4)|1.831 (51,6)

Nghién clru bao gobm 3.547 tré khde manh tir sd' sinh dén
dudi 19 tudi, trong dé nam chiém 51,6% va nir chiém 48,4%.
C&mau &4t ca cac nhdm tudi déu dép iing yéu cau téi thiu
dé thiét lap khoang tham chiéu theo CLSI EP28-A3c.

Giol @ NF & Nam

100

]

Creatinine enzymatic (pmol/L)
=

na
&

Tudi {nam)

Gidi o® NI A Mam

~
&

@
4

:': " !, p-l::y,p"'\»l_» P L
4 S ey
3
L
.P; -

Creatinine enzymatic (pmoliL)

™
5

.
+ a P

. x - :lA"A i a4 -‘ "
. R D £ B
EEAN "".;3.-, A% v ik

. N

St
.

-,
Y-

1 H E 4 3 3
Tudl (thang)

Hinh 1. Biéu d6 phan tan két qua Creatinine
Céc biéu d6 phan tan cho thdy néng dé creatinine
huyét thanh & mlc cao ngay sau sinh, giam nhanh trong
thang dau, sau dé 6n dinh va tang dan theo tudi. Giai doan
15 tudi trd di, nam c6 ndng dé creatinine huyét thanh cao
hon n@.
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Bang 2. So sanh nhém tudi lién k& va nhu cau phan chia
gidi trong tirng nhém tudi

Panh . « |p (Mann-| Cliff’s Ké&t
gia So sanh HB_z | HB_2" |\ hitney)| delta | luan
0 <14 ngay vGi Tach
Vangay 22 tugi | 1905 [5,1817| <0,001 | 0,9759 | SCH

14 ngay < 2 tudi Tach
O s wsi |32,532(6,5038| <0,001 |-0,8299 ¢

Phan — -
<

nhom| 255WOIVGL aq51718,1379| <0,001 | -0,745 | Téh
s 5<12 tudi nhém
5<12tudivdi Tach
9o 1508 |26:084|7,7169| <0,001 |-0,7633| o1

12 <15 tudi véi Tach
15<19nd |12-541| 6136 | <0,001 [-0,4072| Z%
N va Nam Khoéng

(0% 14ngay) | 0483 [2,3875| 0,979 |-0,0027| "IOH
N va Nam Khoéng

(14 ngay <2 1gy| 1:5044|45989| 0,137 |-0,0727| TEUN
N va Nam Khoéng

onan | (2<5twsy | 18457|45989| 0,035 |-0,1035| TICE

nhém 7 v A
g (';‘i‘%';'jg?) 5,12586,7138| <0,001 [-0,1607 'ig‘é?\g
. Can
N&vaNam g gass|3.8046| <0,001 |-0,2952| nhéc

(12 <15 tudi) A

thém

NG va Nam Tach
(15<10tue) |25972| 4814 | <0001 |-0.8816

Tat cé cac ranh gigi tudi déu dugc gir lai dé phan
nhém. Khoang tham chiéu theo gidi chi dugc thiét lap &
nhém tudi 15 < 19 tudi; riéng nhém 12 < 15 tudi dugc can
nh&c do Harris-Boyd goi y tach gidi nhung kich thudc hiéu
Ung (Cliff’s delta: -0,2952) & murc nho.

Bang 3. Khoang tham chiéu Creatinine theo tudi & tré em

Viét Nam
Khoang
Nhém Gigi n Trung vi | tham chiéu |90% CILL | 90% CI UL
tudi (nmol/L)| (P2.5-P97.5) | (umol/L) | (pmol/L)
(umol/L)
<14
* lchung| 152 | 40,9 | 25,7-89,6 |24,9-27,2/81,0-92,0
ngay
14
”f;y Chung| 564 | 20,0 | 12,6-31,2 |11,7-13,2/30,3-32,0
tudi
2<5
g, |Chung | 564 | 30,3 | 20,7-43,7 [20,3-21,141,6-44,1
5<12
g |Chung[1202| 40,8 | 27,1-56,7 |25,9-27,7|55,4-57,5
<
1%56?5 Chung| 386 | 54,5 | 38,5-78,3 |36,6-40,1|75,8-81,2
15<19| N | 366 | 56,3 | 44,1-70,5 |43,7-45,169,3-74,4
wéi | Nam | 251 | 75,5 | 54,5-99,3 |51,3-58,9|95,1-102,0

LL: gigi han dudi (Lower limit); UL: gidi han trén (Upper
limit); Cl: khoang tin cdy (Confidence interval).

Khoang tham chiéu creatinine thay ddi theo tudi, giam
tlr giai doan sd sinh dén dudi 2 tudi, sau do6 tang dan theo
tu6i. Khodng tham chiéu riéng theo gidi chi dugc thiét
lap & nhém tudi tir 15 dén dudi 19 tudi, trong dé nam cé
khoang tham chiéu cao hon nir.

W Nghién ciu hién tai (Roche cobas pro) @ Colantonio 2012 (Abbort Architect, CALIPER)  #» Higgins 2016 (Roche Cobas 6000/Modular P, CALIPER)
5 Khoing tham chiéu creatinine (umol/L)
Nhom tudi Giot (P25 - P97.5)
o N— - 57896
<14 ngdy Chung —_— 283-813
— 35.0 - 86.0
» N 126-31
Idngly -<2tubi  Chung — 84-318
ek 150 - 380
" L . 20.7 - 43,
2~ <5 tubi Chung —— 17.7- 380
10-40
. . = 7.0 - 56.
5 <12 tudi Chung — 274-539
—y 310 - 590
[ . 38.5 - 78,
12- <15 whi Chung iy 98-716
P ————— 45.0-77.0
r- S——— 4“1-1705
Nir ——— 433 -4,
— =) 48.0 - 790
15- <19 tubi
. — . 54599
Nam —_—————— 548955
_— 60.0 - 100,

0 2 a0 60 5 100 120

Creatinine (umol/L)
Hinh 2. So sanh khoang tham chiéu creatinine huyét thanh
theo culla nghién ctru hién tai véi chuong trinh CALIPER [3,9]

4. BAN LUAN

Nghién clru thiét lAp khoang tham chiéu creatinine
huyét thanh theo tudi va gidi & tré em Viét Nam khode
manh bang phuong phap truc tip theo huéng dan CLSI
EP28-A3c. K&t qua cho thdy ndng dé creatinine thay déi
ré rét theo tudi tir sa sinh dén dudi 19 tuéi, trong dé chi
nhém tudi tir 15 dén dudi 19 tudi can thiét lAp khoang
tham chiéu riéng theo gidi. Diéu nay cho thay tuéi la yéu
t& quyét dinh chinh trong phéan tang khoang tham chiéu
creatinine & tré em, trong khi anh hudng cua gidi chi tra
nén rd rét sau tudi day thi.

Xu hudng bién thién cua creatinine trong nghién ctru
phu hgp v&i dac diém phat trién sinh ly clia tré em. Nong
do creatinine cao trong giai doan sad sinh do con chiu anh
hudng moét phan tir creatinine clia me truyén qua nhau
thai, sau do6 giam nhanh khi chirc nang loc cau than cla
tré dugc thiét lap doc lap va tang dan theo su phat trién
cua khéi co. Sau tudi day thi, dudi tac dong clia hormon
sinh duc, kh8i ca & nam phat trién manh hon nif, dan dén
ndng doé creatinine huyét thanh cao hon. Theo huéng dan
KDIGO 2024, tudi va khéi co la nhifng yéu t6 anh hudng
quan trong dén ndng do creatinine huyét thanh; do do, viéc
dién giai k&t qua xét nghiém & tré em can dua trén khoang
tham chiu phu hop vdi tirng giai doan phét trién [1].

Viéc phan nhom tubi va gidi trong nghién ciu dugc
xem xét trén co s& dac diém phat trién sinh ly két hap vdi
phuong phap Harris-Boyd, kiEm dinh Mann-Whitney va
kich thudc hiéu ing Cliff’s delta. K&t qua cho thay tat ca
céc ranh gidi tudi du kién déu phi hgp dé thiét lap khoang
tham chiéu. D8i vdi gidi tinh, chi nhém tudi tir 15 dén dudi
19 tudi c6 sy khac biét di l6n dé xay dung khoadng tham
chiéu riéng. & nhom tudi tir 12 dén dudi 15 tudi, mac du
kiém dinh Mann-Whitney va phuong phap Harris-Boyd
déu ggi y su khac biét gitra nam va ni, kich thudc hiéu
Ung chi @ mirc nhé (Bang 2) va khoang tham chiéu cung
khoang tin cay 90% cUla hai gi6i van chong l4p dang ké. Vi
vay, nghién cfu khong phan chia khoang tham chiéu theo
gidi & nhdm tudi nay. Quyét dinh nay phu hop véi phuong
phap Harris-Boyd, theo dé viéc phan chia dir liéu tham
chiéu chi dugc khuyén nghi khi mirc dé khac biét gilra cac
nhédm du &n dé bién minh cho viéc thiét lap cac khoang
tham chiéu riéng [6].
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So séanh véi cac nghién clru da cong bé (Hinh 2) cho
thay khoang tham chiéu creatinine cta nghién cttu hién
tai c6 xu hudng bién thién theo tudi va gidi tuong ty
chuong trinh Caliper trén cé hai nén tang Abbott Architect
va Roche Cobas 6000/Modular P [3,9]. O céac nghién ctu
nay, creatinine déu cao & giai doan sd sinh, giam nhanh
sau sinh, tang dan theo tudi va chi can phan chia theo
giGi & tudi vi thanh nién. Tuy nhién, van ghi nhan moét s6
khéc biét vé gidi han tham chiéu tuyét doi gilra cac nghién
clru. So véi CALIPER trén nén tang Abbott, khoang tham
chiéu clia nghién ctru hién tai gan véi két qua chuyén giao
trén hé thdng Roche haon, dac biét & cac nhom tudi sau
sd sinh. Diéu nay cho thdy ngoai dac diém quan thé, nén
tang phan tich ciing c6 thé anh hudng dén khoang tham
chiéu méac du cac phuong phap déu dugc chuédn hoa theo
IDMS. Tuong tu, nghién cfu clia Suwanrungroj va cong sy
tai Thai Lan s dung phuong phap enzym trén hé théng
Roche va thiét lap khodng tham chiéu gian ti€p tir dir liéu
LIS cling ghi nhan xu hudng bién thién creatinine theo tudi
va gidi tuong tu, nhung van ton tai khac biét vé gidi han
tham chiéu gitra hai quan th& [10]. Nhirng két qua nay cho
thay, ngay ca khi sir dung cling nén tang phan tich, khoang
tham chiéu van c6 thé khac nhau gilta cdc quan thé va
gilta phuong phéap thiét lap. Nhan dinh nay clng phu hgp
vGiténg quan clia Tahmasebiva cong sy ve cac yéu to anh
hudng dén khoang tham chi€u nhi khoa [4]. Theo khuyén
céo clia CLSI EP28-A3c, khoang tham chiéu can dugc
thiét (ap hodc xac nhan trén quan thé va hé théng xét
nghiém du kién ap dung trudc khi dua vao thuc hanh [2].

Mé&c du nghién cliu tuyén chon tré em khde manh tur
céng dong tai bay tinh, thanh phé dai dién cho nhigu viing
dia ly cua Viét Nam, quan thé nghién ctu van chua phan
anh day dd toan bo tré em Viét Nam. Do d6, can c6 thém
cac nghién clru trén quy mo lén hon tai nhiéu dia phuong
dé danh gia kha nang khai quat clia cac khoang tham
chiéu nay. Bén canh dd, khoang tham chiéu dugc thiét
lap trén hé théng Roche cobas pro bang phuong phap
creatinine enzym, vi vay két qua phu hgp dé ap dung trén
cung nén tang phén tich hoac céc hé théng tuong duong
sau khi dugc xac nhan theo huéng dan CLSI EP28-A3c;
khéng nén ap dung truc tié€p cho cac hé théng xét nghiém
khac khi chua dugc danh gia tinh phu hgp.
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Nghién clru da thiét lap khoang tham chiéu creatinine
huyétthanh theo tudiva gidi &tré em Viét Nam khée manhtrén
hé thdng Roche cobas pro theo huéng dan CLSI EP28-A3c.
Khoang tham chiéu dugc phan chia thanh 7 nhém theo tudi
va gidi, phan anh dac diém bién thién sinh ly clia creatinine
trong qua trinh phat trién. Cac khoang tham chiéu nay la ca
s dé dién giai két qua xét nghiém creatinine va ho trg' dénh gia
chiic nang than &tré em trén cling nén tang phan tich.

Loi camon

Nhém nghién cliu xin bay t6 long biét on sau sac déi voi
sy hé trg tai chinh tir Quy D8i mai Séng tao Vingroup (VINIF)
va su chi dao, tng hé vé moi mat clia Bénh vién Nhi Trung
uong cho nghién cliru nay. Chung téi chan thanh cam on céc
em nho va gia dinh da tin tudng va tham gia vao nghién clu.
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