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KET QUA NOI KIEM BANG THANG PO SIX SIGMA
TRONG KIEM SOAT CHAT LUONG XET NGHIEM
SANG LOC HBV, HCV, HIV BANG KY THUAT BIEN HOA PHAT QUANG
TAI VIEN HUYET HOC - TRUYEN MAU TRUNG UONG

TOM TAT

Dit van dé: Xét nghiém huyét thanh hoc sang loc HBV,
HCV, HIV doéng vai trd quan trong trong ddm bédo an toan
truyén mau. Viéc ap dung ctrng nhac cac quy tdc Westgard
truyén théng cho cac xét nghiém ban dinh luvong thwdng
gay canh bao sai va lang phi nguén lyc.

Muc tiéu: Danh gia chat lwugng xét nghiém sang loc
HBV, HCV, HIV trén don vi mau béng ky thuat dién hoa
phat quang (ECLIA) dwa trén thang do Six Sigma.

D6i tweng va phwong phap nghién ctru: Nghién ctru
hdi clru mo ta ct ngang trén div liéu noi kiém (IQC) mau
ching dwong cla xét nghiém HBsAg, anti-HCV va HIV Ag/
Ab trén 5 may Roche cobas €801 tir thang 07/2023 dén
thang 12/2024 tai Vién Huyét hoc — Truyén mau TW. Téng
sai s6 cho phép (%TEa) dwoc xac dinh theo khuyén cao
cua Green va cong su; do chéch (Bias%) tinh theo d¥ liéu
nhém cung hé théng may; chi sé Sigma dwoc tinh theo
cbng thirc chuan hoa.

Két qua: 3 xét nghiém HBsAg, anti-HCV va HIV Ag/
Ab trén 5 may cobas €801 déu dat hiéu ning dang cap
thé gidi véi Sigma > 6. Theo khuyén céo Westgard Sigma,
quy trinh IQC dwoc téi wu héa chi véi mét luat duy nhét
1,5 (N=2), tan suét thwc hién ndi kiém 1.000 mau/lan. Quy
trinh mé&i gitp gidam 43,8% sé 1an phai dirng may xt ly QC
ngoai tir 32 trwdng hop theo luat truyén théng xudng con
18 trwdng hop vi pham 1,4

Két luan: Ung dung thang do Six Sigma gitp don
gian hoa quy téc noi kiém, loai bd cac bao déng gia khéng
can thiét, tdi wu hoa chi phi va nang cao chéat lwong sang
loc mau.
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SUMMARY

APPLICATION OF SIX SIGMA METRICS FOR
INTERNAL QUALITY CONTROL OF HBV, HCV, AND
HIV SCREENING BY ELECTROCHEMILUMINESCENCE
AT THE NATIONAL INSTITUTE OF HEMATOLOGY AND
BLOOD TRANSFUSION

Background: Serological screening for HBV, HCV,
and HIV is essential for blood safety. Traditional Westgard
multirules for semi-quantitative assays often yield excessive
false rejections and resource waste.

Objectives: To evaluate the analytical performance of
ECLIA screening assays for HBV, HCV, and HIV using Six
Sigma metrics.

Methods: A retrospective, cross-sectional study
analyzed positive internal quality control (IQC) data of
HBsAg, anti-HCV, and HIV Ag/Ab assays across five
Roche cobas €801 analyzers from July 2023 to December
2024. Allowable Total Error (%TEa) was calculated based
on the cut-off distance method. Bias% was estimated
against peer-group means via Cobas IT. Sigma values and
customized Westgard multirules were determined.

Results: All assays on all five analyzers demonstrated
world-class performance Sigma > 6. Consequently, 1QC
design was simplified to a single 1, rule (N=2) with a run
size of 1,000 samples. This strategy reduced out-of-control
troubleshooting events by 43.8%, from 32 instances under
classic multirules to 18 instances under Westgard-Sigma).

Conclusion: Six Sigma metrics optimize IQC design
for blood screening serology, substantially lowering false
rejection rates while maintaining high diagnostic reliability.

Keywords: Six Sigma, quality control, blood safety,
Westgard Sigma, cobas e801.

I. DAT VAN PE

Noi kiém tra chét lwong (Internal Quality Control
- IQC) la céng cu nén tang bao dam do6 chinh xac
va do tin cay cla cac xét nghiém huyét thanh hoc
sang loc virus lay qua duwdng truyén mau (HBV, HCV,
HIV). Tuy nhién, viéc ap dung nguyén ban cac quy
tadc da luat Westgard truyén théng vén thiét ké cho
xét nghiém dinh lwgng hda sinh vao cac xét nghiém
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mién dich sang loc mau boc 16 nhiéu bat cap.

Ban chéat clia cac xét nghiém sang loc mién dich
la ban dinh lwong, phan loai két qua dua trén ty sb
tin hiéu trén ngudng cét (S/CO). Cac xét nghiém nay
khong dinh lvong truc tiép ndng d6 chat phan tich va
chwa c6 bd tiéu chuan quéc té théng nhat vé tng sai
s6 cho phép (TEa). Khi van hanh cirng nhéc cac quy
tac cb dién (1,4, 2,6, R, 4,5, 10,), phong xét nghiém
thwong xuyén déi mat véi ty 1& bao dong gia cao.
Diéu nay dan dén viéc phai dirng hé théng may, tiéu
tbn thoi gian, sinh phdm dé chay lai mau noi kiém ma
khong phan anh duing nguy co sai sb 1am sang [1-3].

Thang do Six Sigma la céng cu dinh lwgng
chuén téc gilp danh gia toan dién hiéu ndng phan
tich thdng qua sy tich hop gilta d6 chum (CV%),
dd chéch (Bias%) va yéu cau chét lwong l1am sang
(TEa%). M&rc hiéu nang tlr sigma >3 dwgc xem la
chap nhan duwoc, va sigma >6 biéu thi m&c chat
lwong t6i wu (dang cap thé gidi). Ung dung Six
Sigma két hop biéu db chon luat Westgard Sigma
cho phép phong xét nghiém thiét k& quy trinh IQC
céa thé hoa: ap dung cac quy tac nghiém ngéat déi voi
xét nghiém hiéu n&ng thap va tinh gon téi da quy tac
ddi v&i xét nghiém hiéu nang cao [4]. Nham téi wu
héa cong tac quan ly chat lwong tai Vien Huyét hoc
— Truyén mau TW, nghién ctru nay duoc tién hanh
v&i muc tiéu: “Danh gia hiéu nang phéan tich ctia cac
xét nghiém sang loc HBsAg, anti-HCV va HIV Ag/Ab
trén hé théng cobas €801 bang thang do Six Sigma”,
tlr d6 xay dung ké& hoach kiém soat chat lwong phu
hop va hiéu qua.

Il. DOI TUONG VA PHUONG PHAP
2.1. Béi twong nghién ctru

Di lieu noi kiém trén mau chirng dwong cla ba
xét nghiém HBsAg, Anti-HCV, HIVAgAb thu thap
trén 5 hé théng may xét nghiém Roche cobas €801
tr thang 07/2023 dén thang 12/2024, tai khoa Xét
nghiém Sang loc mau, Vién Huyét hoc — Truyén méau
Trung wong.

2.2. Phwong phap nghién ctru
Thiét ké nghién ctru: Nghién ctu hdi ciu, md
ta c&t ngang.

Phwong phap chon mau

Chon toan bd cac két qua noi kiém trén mau
chirng dwong clia ba xét nghiém HBsAg, Anti-HCV,
HIVAgAb thu thap trén 5 hé théng may xét nghiém
Roche cobas €801.

No6i dung nghién ctru

Théng ké di liéu noi kiém trén mau chirng dwong
clia ba xét nghiém HBsAg, anti-HCV va HIVAgADb trén
cac 16 hoa chat va cac 16 chirng ndi kiém khac nhau.

Thu thap gia tri trung binh cGa cac mau chirng
ndi kiém dwong tinh ctia ba xét nghiém HBsAg, anti-
HCV va HIVAgADb clia cac phong xét nghiém trong ca
nwéc st dung cung thiét bi, 16 hoa chét va 16 chirng
ndi kiém trén phadn mém Cobas IT.

Tinh gia tri trung binh quan sat dwoc (Mean
quan sat) tir gia tri néi kiém:

Mean = x =22

Tinh d6 chum (precision) biéu thi qua do léch
chuan (SD) va hé sb bién thién (CV%):

SD = T, (=82
\J n

Do léch (Bias%): Do xét nghiém huyét thanh hoc
khong c6 vat liéu chudn quéc té tuyét ddi, Bias%
dwoc tinh dwa trén dd léch twong déi gitra trung
binh PXN vé&i trung binh nhém déng déng (trung binh
nhém) thu thap qua phan mém Cobas IT (ciing may,
cuing 16 sinh pham va vat liéu QC).

SD
Mean

CV (%) = x 100

|Trung binh nhém ddng ddng — Trung binh PXN| 10
X

Bi %) = 2
ias(%) Trung binh nhém déng ding

0

Téng sai s6 cho phép (TEa): Ap dung mé hinh
khoang cach ngudng cét theo Green va cong s,
trong d6 nguwdng Cut-off 1a 0,9 ddi véi HBsAg va
anti-HCV va 1,0 dbi véi HIV Ag/Ab [1, 5]:

- Chi sb Sigma:

Siama = (TEa%—Bias%)
9 CV%

Thiét ké ké hoach kiém soat chét lwong theo
Westgard Sigma [6]:
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Bang 2.1. Khuyén nghj da quy tc ctia Westgard duwa trén gia tri Sigma

Ké hoach ndi kiém
Thang Sigma N n
Luat ap dung Tan suat chay
o26 1,6 N=2 1000 mAu/lan
5<0<6 Taer 255 Ry N=2 450 mau/lan
4<0<5 T 256 Rygr 4,5 N=4 200 m&u/lan
3<0<4 T 255 Rygr 45 6%, N=4 45 mau/lan
2 z
Dwng xét nghiém, phan tich tim nguyén nhan va thwc hién khac phuc
1

Vat liéu nghién ctru:

M&u chirng noi kiém: PreciControl HBsAg Il
va PreciControl Anti-HCV (nguwdng cut-off = 0,9),
PreciControl HIV Gen Il (gdm murc chirng cho Ag va
Ab, nguwéng cut-off 2 1).

Thudc thir xét nghiém Elecsys HBsAg I, Elecsys
anti-HCV va Elecsys HIV Duo.

2.3. Phwong phap thu thap va xt ly sé liéu:

Sé lieu dworc thu thap truc tiép két qua xét nghiém
cla ba mau chirng HBsAg, anti-HCV, HIV Ag/Ab trén

ll. KET QUA NGHIEN CUU

5 hé théng may xét nghiém trén phan mém quan ly
xét nghiém va trén phan mém cobas IT v&i nhém
nhom déng déng (cling may xét nghiém, 16 sinh vat
va vat lieu QC).

Nhap va xt ly s6 liéu nghién ciru trén phan mém
Excel va SPSS 22.0.

2.4. Pao dwrc nghién ctru

D@ liéu hoan toan la sé liéu k§ thuat tr mau QC
thwong mai thudng quy, khéng lién quan dén théng
tin ca nhan cta ngudi hién mau.

Bang 3.1. Trung binh, CV%, TEa% va diém Sigma cho céc xét nghiém HBsAg, Anti-HCV va HIV bang ky

thuat dién hoa phat quang tur thang 7/2023-12/2024

Té,n Mtrc Mé.y v - o o o Sig- th?y?: :i‘;n Eé(}cct;]li::
ng):ﬁ:j; - ac F:R;ahn N Xoxn | Xiwom | CV% | TEa% | Bias% ma _sét % sat %
(Bias/TEa) | (CVITEa)
1 925 | 414 | 3,99 | 541 | 7825 | 3,57 | 13,80 4,56 6,91
2 917 | 4,09 | 3,99 | 502 | 77,99 | 241 | 1504 3,09 6,44
HBsAg 2 3 888 | 4,05 | 3,99 | 620 | 77,80 | 1,56 | 12,29 2,01 7,97
4 530 | 4,10 | 3,99 | 4,55 | 78,06 | 2,72 | 16,57 3,49 5,83
5 443 | 4,08 | 399 | 3,91 | 77,94 | 2,18 | 19,39 2,80 5,01
1 924 | 3,86 | 3,81 | 432 | 7666 | 1,21 | 17,45 1,58 5,64
2 931 | 3,84 | 381 | 355 | 7659 | 0,90 | 21,33 1,18 4,63
Anti-HCV | 2 3 899 | 3,85 | 3,81 | 3,53 | 76,65 | 1,15 | 21,41 1,50 4,60
4 474 | 3,90 | 381 | 350 | 7691 | 223 | 21,33 2,90 4,55
5 405 | 3,92 | 381 | 3,01 | 77,05 | 2,86 | 24,64 3,71 3,91
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. . Do xac Do chinh
1?: Mirc er\aa):u N | X X CV% | TEa% | Bias% | Si9- | thwegquan | xdc quan

nahiem | @C ptich PXN Nhom ° ° °l ma sat % sat %
ghie (Bias/TEa) | (CVITEa)

1 573 333 | 340 | 3,38 | 69,96 | 2,14 | 20,05 3,06 4,84

2 576 333 | 340 | 3,18 | 70,00 | 1,99 | 21,41 2,85 4,54

2

Ag 3 558 338 | 340 | 347 | 70,44 | 051 | 20,13 0,72 4,93

4 398 332 | 340 | 250 | 6985 | 25 | 26,95 3,58 3,58

5 388 334 | 340 | 247 | 70,04 | 1,87 | 27,56 2,67 3,53

1 559 334 | 317 | 3,31 | 70,02 | 4,97 | 19,66 7,09 4,73

2 567 334 | 3,17 | 3,16 | 70,06 | 507 | 20,53 7,24 4,52

HIVAgADb A2b 3 553 339 | 3,17 | 347 | 7049 | 6,45 | 18,43 9,15 4,93

4 330 332 | 317 | 242 | 6988 | 451 | 27,05 6,46 3,46

5 319 333 | 3,17 | 2,35 | 69,99 | 487 | 27,76 6,96 3,35

1 571 8,52 | 8,71 397 | 8826 | 2,23 | 21,67 2,52 4,50

2 578 844 | 8,71 3,62 | 8815 | 3,22 | 23,49 3,65 4,10

3 3 563 847 | 8,71 3,74 | 88,20 | 2,80 | 22,84 3,18 4,24

4 403 8,46 | 8,71 323 | 8819 | 2,90 | 26,44 3,29 3,66

5 390 848 | 8,71 342 | 8820 | 2,75 | 24,96 3,12 3,88

Nhén xét: C6 14.662 luwot do QC trén 5 may cobas €801 dwoc phan tich. Hau hét cac xét nghiém co6 dod
chum cao v&i CV%<5%. Gia tri CV% cao nhét ghi nhan & xét nghiém HBsAg trén may 3 (6,20%) va may 1
(5,41%). Xét nghiém HIV Ag/Ab & mirc chirng Ab c6 dd chéch Bias% dao dong tir 4,51% dén 6,45% do c6
sy thay dbi nhiéu 16 sinh phadm.
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Hinh 3.1. Biéu dé hién thj hiéu suét cta phuong phap xét nghiém trén 05 méy e801.

Hinh 3.1. mo ta trirc quan hiéu nang phwong phap xét nghiém hoa phat quang trén 5 may xét nghiém:
may 1, may 2, may 3, may 4, may 5. Cac xét nghiém HBsAg, anti-HCV, HIVAgAD trén 5 may xét nghiém déu
c6 gia tri Sigma trén 6.

Bang 3.2. So sanh sé truong hop vurot ngoai dai kiém soat clia méu noi kiém trén 5 may xét nghiém khi
ap dung luéat Westgard truyén théng véi luat Westgard Sigma

Tén Luat Westgard truyén théng Westgard-Sigma
xét nghiém 2, 1, R, 1,
HBsAg 5 18 0 18
Anti-HCV 7 0 0 0
HIV 0 0 2 0
Téng 12 18 2 18
V6i 3 luat Westgard truyén théng PXN dang ap dung la 2,1, R, trong thoi gian nghién ctu co 32

trwong hop QC vwot ngoai dai clia nha san xuét can thwe hién khac phuc. Trong khi d6 néu ap dung luat
Westgard-Sigma chi con 18 trwéng hop QC ngoai déi can phai thyc hién khac phuc.
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IV. BAN LUAN

Két qua phan tich 14.662 lwot QC do trén 5 hé
thdng cobas e801 tir thang 7/2023 dén 12/2024 cho
thay hiéu n&ng Six sigma xuét sac (sigma > 6). Piéu
nay phan anh dé n dinh cla ky thuat dién hoa phat
quang s dung trong sang loc mau. Két qua nay
ciing twong tw nghién ctvu hiéu suét cac xét nghiém
HBsAg, anti-HCV va HIVAgAD trén 6 may xét nghiém
Abbott Alinity ma phong xét nghiém chung t6i da thwc
hién voi div liéu QC trong thoi gian tir thang 2/2023
dén thang 4/2023 [7]. Tai New Zealand, Scheurich
va cong sy ghi nhan 12/14 xét nghiém sang loc mau
dat Sigma>6, hai trwdng hgp con lai la chirng dwong
HBsAg va anti-HCV c6 diém Sigma lan luot la 3,97
va 5,46 [5]. Sw suy giam chi s6 Sigma & mot sb xét
nghiém phan anh sy khac biét vé nang luc quan ly
chét lwgng va cong nghé gitra cac phong xét nghiém
du dung chung thiét bi, sinh pham.

Thang do Six Sigma la cong cu chudn muc danh
gia chat lwong xét nghiém, trong d6 chi s6 Sigma ty
I& nghich v&i hé sb bién thién (CV%) va dd chéch
(Bias%), ty 1& thuan vé&i téng sai s cho phép (TEa%).
Trong nghién ctru nay, CV% clia céac xét nghiém duy
tri & mlrc thap: HIV Ag/Ab dat 2,35 (chirng Ab mirc
trén may 5) va cao nhét 1a 3,97 (mlrc 3 trén may 1),
anti-HCV dat 3,01% (may 5) dén 4,32% (may 1) va
cao nhét 1a HBsAg dat 6,20%. Mwc bién thién nay
twong déng véi két qua trén hé théng Abbott Alinity
tai cung don vi (2,32-7,38%) [7] va phong xét nghiém
Christchurch, New Zealand (2,44—-18,5%) [5]. So v&i
cac xét nghiém hoéa sinh dinh lwong thwong c6 CV%
< 5% (dao dong 0,60-8,41%) [8]. Két qua cho thay
dod chum clia cac xét nghiém mién dich sang loc trong
nghién ctru hoan toan twong dwong, khéng dinh tinh
4n dinh phan tich cao ctia cac phwong phap dang
dwoc ap dung.

Do chéch (Bias%) trong xét nghiém huyét thanh
hoc truy&n nhiém rat kho xac dinh do thiéu chuan dbi
chiéu quéc té théng nhét, bat ngudn tr sy da dang
vé ai lwc khang thé, kiéu gen virus va nguyén ly ky
thuat gitra cac hé théng do [3]. Viéc gia dinh Bias% =
0 dé& dan dén woéc tinh sigma bi sai léch theo huéng
caolén[5]. O nghién ctru khac gia tri Bias dwoc tinh
toan dwa vao bao céo két qua danh gia chat lwong tir
bén ngoai (EQA — External Quality Assessment) cla
nhém ngang hang cung s dung thiét bi va phwong
phéap, tuy nhién di liéu EQA lai bi gi¢i han b&i tan

suat khao sat thwa va sé lwong mau it [3]. Nham
khac phuc cac han ché nay, nghién clru xac dinh
Bias% duwa trén gia tri trung binh ctia nhém déng
déng st dung cuing hé théng Roche cobas €801 va
cung 16 QC qua phan mém Cobas IT. Két qua cho
thay Bias% thap nhat & mic chirng HIV 2Ag (0,51%
trén may 5) va cao nhat & mirc chirng 2Ab (46,45%
trén may 3). Bo chéch Ion hon & m&c chirng HIV
2Ab cht yéu do anh hwéng tir cac dot thay ddi 16
sinh phdm va sai sb tir thao tac hoan nguyén mau
kiém tra trwéc khi chay, khac véi dang dung dich pha
sén cla chirng HBsAg va anti-HCV.

Khac véi cac xét nghiém dinh lwong vén cé nhiéu
ngudn di¥ liéu chuan héa, xét nghiém ban dinh lwong
hién van thiéu cac tiéu chuan théng nhat vé téng sai
s6 cho phép (TEa%) [3]. Dé giai quyét khoang tréng
nay, George A.Green va cong sy dé& xuét xac dinh
TEa% dwa trén khoang céach gilra gia tri trung binh
mau ndi kiém dwong véi nguéng cat (cut-off) cla
phwong phap [1]. Cach tiép can nay phu thudc nhiéu
vao ndng doé chét kiém tra: gia tri QC qua cao c6
thé 1am tang chi sb Sigma, trong khi gia tri qua sat
ngwdng lai tiém an nguy co am tinh gia; do d6 ndng
dd téi wu dwoc khuyén cao nén duy tri trong khoang
1,5-3 lan nguwéng cut-off [9]. DU mirc chirng 3 cla
xét nghiém HIV t&r nha san xuét co gia tri thyc té
cao > 8, khoang TEa% ghi nhan trong nghién ctru
(69,85-88,26%) van hoan toan phu hop véi ban chat
xét nghiém ban dinh lvong (Bang 3.1). Két qua nay
twong ddng véi cac cong bd trén hé théng Abbott
Alinity tai cung don vi (65-80%) [7], trén hé théng
Abbott Architect tai trung tdm Christchurch New
Zealand la 40-90% [5]. Diéu nay cho thay sw khac
nhau co ban gilra cac xét nghiém dinh tinh so vé&i
xét nghiém dinh lwong mot sd chét tro cu thé trong
Iinh vwe sinh hod, huyét hoc [3]. Hién tai phong xét
nghiém chung t6i ap dung 6 quy tdc Westgard truyén
thdng gom 3 luat loai bd (1., 2,4 va R,,) 3 luat canh
bao (1,,, 4, va 10x). Theo dit liéu bang 3.2, c6 32
lwot QC ngoai dai phai dirng may khac phuc, 18 luot
vi pham luat 1., gém 8 lwot do ky thuat vién dat
nham chirng am tinh vao vi tri chirng dwong va 10
lwot do 16i ngdu nhién). Cac 16i cadnh bao vi pham
1,0, 4,4 va 10x chi yéu cau theo ddi hanh dong phong
ngtra ma khong phai dirng xét nghiém dé khac phuc.

Vé&i hiéu nang xét nghiém dat mic >6, viéc
chuyén d6i sang mé hinh Westgard Sigma [10], cho
phép rat gon quy trinh noi kiém vé duy nhéat quy tac
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1,s- Thay ddi nay gitp giam 43,8% sb lan phai dirng
lai hé thong do vi pham luét 2,, R, dong thoi giam
lwoc cac bién phap phong nglra, khac phuc khéng
can thiét. Nnd d6, phong xét nghiém tiét kiem dang
ké thoi gian, hda chét chay lai va chi phi van hanh
ma van duy tri kiém soat nghiém ngat chat lwong
sang loc

Nhw vay cac phép tinh sigma da mang lai nhirng
gia tri htru ich do day la théong sb cé sy phdi hop
gitra nhiéu quy trinh d@m bao chat lwgng xét nghiém.
Mb&i phong xét nghiém nén dwa vao bang chirng xét
nghiém cu thé ctia minh ma thiét ké cac chién lwoc
kiém soat chat lwgng phu hop dé tdi wu hoa cac xét
nghiém sang loc cac tac nhan lay nhiém nhwng van
kiém soat tét chat lwong xét nghiém.

V. KET LUAN

Ap dung chi sb Sigma gitp t6i wu héa quy trinh
ndi kiém sang loc mau: rat gon vé quy tac 13S (N=2)
da giam 43,8% sb 1an x& ly sy ¢ QC ngoai dai so
véi luat Westgard truyén théng, vira han ché bao
doéng gia vira bdo dam do tin cay clia xét nghiém.
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