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BUGC PAU UNG DUNG HE THONG KIEM SOAT CHAT LUONG
THEO THOI GIAN THUC DUA TREN DU LIEU BENH NHAN (PBRTQC)
CAC THONG SO HUYET HOC CO BAN
TAI BENH VIEN LE VAN THINH

Nguyén Ngoc Diing*, Nguyén Thi Nhan', Tran Qui Phwong Thuy?,

TOM TAT

Muc tiéu: Thiét Iap dai tham chiéu, gi&i han kiém soat
cho céac théng sé huyét hoc (WBC, RBC, HGB, PLT, HCT)
va so sanh hiéu nang ctia cac md hinh trung binh dong
(MA20, MA50, MA100, MA200) dé tbi wu héa hé théng
kiém soat chat lwong thoi gian thuwc (PBRTQC) tai Bénh
vién Lé Van Thinh.

Phwong phap: Nghién ciu hdi clru thyc hién trén
12.600 két qua clia 5 thong sé huyét hoc tr thang 04/2025
dén thang 06/2025 . Di¥ lieu dwoc x& ly béng ky thuat
Winsorization (bach phan vi 5 va 95) dé gidam anh huéng
clia gia tri ngoai lai. Thuat toan trung binh dong véi 4 kich
thuéc khdi (N = 20, 50, 100, 200) dwoc ap dung dé& danh
gia hiéu qua kiém soat qua tan suat bao dong.

Két qua: Sb lwong bao dong ty 1& nghich véi kich
thwée khdi, md hinh MA20 ghi nhan nhiéu bao déng nhat
(129 1an & HGB, 124 Ian & HCT), trong khi MA200 thap
nhét (23 1an & PLT, 35 1an & HGB). MA50 va MA100 thé
hién sw can bang tbt nhat gitra d6 nhay phat hién 16i va viéc
duy tri ty 1& bao déng giad & mrc thap.

Két luan: Hé théng PBRTQC da budc dau duoc (ing
dung thanh cong, gilup giam sat lién tuc, khac phuc han
ché clia noi kiém truyén thdng. Két hop Winsorization véi
MAS50 hodc MA100 Ia giai phap téi wu dé& phat hién som
cac su ¢cd k§ thuat, nang cao do tin cay két qua xét nghiém
va tiét kiém chi phi van hanh.

Twr khéa: PBRTQC, trung binh déng, huyét hoc, kiém
soat chat lwong.
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SUMMARY

INITIAL IMPLEMENTATION OF A PATIENT-BASED
REAL-TIME QUALITY CONTROL (PBRTQC) SYSTEM
FOR BASIC HEMATOLOGY PARAMETERS AT LE VAN

THINH HOSPITAL

Objectives: To establish control limits for hematology
parameters (WBC, RBC, HGB, PLT, HCT) and compare
the performance of various moving average models (MA20,
MA50, MA100, MA200) to optimize the patient-based real-
time quality control (PBRTQC) system at Le Van Thinh
Hospital.

Methods: A retrospective study was conducted using
12,600 test results of five hematological parameters
collected from April to June 2025. Data were processed
using the Winsorization technique (5th and 95th
percentiles) to reduce the influence of extreme biological
outliers. Moving average algorithms with four block sizes
(N =20, 50, 100, and 200) were applied to evaluate quality
control performance based on alert frequency.

Results: The frequency of alerts was inversely
proportional to the block size. The MA20 model generated
the highest number of alerts (129 for HGB and 124 for
HCT), whereas the MA200 model produced the fewest
alerts (23 for PLT and 35 for HGB). MA50 and MA100
models demonstrated the optimal balance between error
detection sensitivity and the minimization of false alerts.

Conclusion: The initial implementation of the PBRTQC
system enabled continuous monitoring, successfully
addressing the inherent limitations of conventional internal
quality control. Combining the Winsorization technique with
MA50 or MA100 models is an effective approach for the
early detection of analytical errors, enhancing the reliability
of laboratory test results while optimizing operational costs.

Keywords: PBRTQC, Moving Average, Hematology,
Quality Control.

I. DAT VAN DE

Cac xét nghiém huyét hoc déng vai trd nén tang,
cung cap thong tin thiét yéu cho qua trinh sang loc,
chan doan, theo dbi didu tri va tién lwong bénh. D&
dam bao tinh tin cay cta két qua, noi kiém soat chét
lwong (IQC) truyén thdng da str dung vat liéu thwong
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mai trong quan ly chat lwong phong xét nghiém. Tuy
nhién, phwong phap nay tén tai nhitng han ché cb
hiru da dwoc ghi nhan: tinh gian doan (chi phan anh
chét lwong tai thoi diém do), chi phi van hanh cao va
d&c biét 1a van dé vé tinh hoan ddi (commutability) [7,
2]. Do hiéu rng ma tran, cac vat liéu QC thwong mai
thworng khéng phan ¢ng hoan toan gibng véi mau
ngudi, dan dén nguy co bao dong gid hodc bd sét
céac sai sb thuc t& trén mau bénh nhan [3, 5]. Nghiém
trong hon, khodng cach gitra cac ky ndi kiém dinh ky
tao ra nhirng “khoang mu”; néu sai s6 hé théng phat
sinh ngay sau mét lan chay IQC dat, hang tram két
qua sai sét cé thé dwoc phat hanh truéc khi 16 dwoc
phat hién & ky noi kiém tiép theo.

Trwéc nhu clu cép thiét vé gidi phap giam sat
lién tuc, kiém soat chat lwong thai gian thue dwa trén
d@ liéu bénh nhan (PBRTQC) da phat trién nhw mot
cong cu hd tro [7, 2]. Bang cach tng dung cac thuat
toan théng ké, tiéu biéu la trung binh dong trén div
li&u bénh nhan thuc té, PBRTQC cho phép theo dbi
hiéu nang phan tich theo thoi gian thwe ma khéng
tdn thém vat tw tiéu hao [1, 6]. Uu diém vwot trdi cla
PBRTQC la st dung chinh m&u bénh nhan, gitp loai
bd hoan toan sai s6 do hiéu (’ng ma tran va tang kha
nang phat hién cac I6i tién phan tich nhw tan mau
hay sai sét trong van chuyén mau [1].

Tai Bénh vién Lé Van Thinh, v&i lvu lwgong bénh
nhan I&n va muc tiéu thiét 1ap mét hé théng quan ly
dé dam bao chat lwong lién tuc, nghién clru “Buéc
dau &ng dung hé théng kiém soat chét lwong theo
thoi gian thyee dwa trén div liéu bénh nhan (PBRTQC)
céac thdng sb huyét hoc co ban tai Bénh vién Lé Van
Thinh” dwoc thwe hién nham hai muc tiéu: (1) Thiét
lap dai tham chiéu va gi¢i han kiém soat cho cac
théng sb huyét hoc (WBC, RBC, HGB, PLT, HCT)
dwa trén di¥ liéu bénh nhan sau khi da dwoc ti wu
héa bang k¥ thuat Winsorization; (2) Banh gia va so
sanh hiéu qua ctia md hinh thuat toan MA v&i cac
kich thwéc khéi khac nhau (MA20, MA50, MA100,
MA200) dé tim ra bd théng sb ti wu.

I. DOl TUGNG VA PHUONG PHAP

2.1. Thiét ké nghién ctru: Nghién ctru cat ngang
md ta, hdi ctru

2.2. Dia diém va thi gian nghién ctru

Nghién ctru dwoc thye hién tai Khoa Hoéa sinh -

Huyét hoc Truyén mau ctia Bénh vién Lé V&n Thinh.
Thoi gian thu thap di liéu tir thang 04/2025 dén
thang 06/2025.

2.3. Béi twong nghién clru

Mau bénh phdm bénh nhan dwoc phan tich trén
hé théng may phan tich huyét hoc Advia 2120i tai
Khoa Héa sinh - Huyét hoc Truy&n mau, Bénh vién
Lé Van Thinh.

Dir liéu bénh nhan: Bao gdm 05 théng sb huyét
hoc co ban: Sb lwong bach cau (WBC), Sé lwong
héng ciu (RBC), Néng d Hemoglobin (HGB), S6
lwong tiéu cAu (PLT) va Dung tich hdng cau (HCT).

D@ liéu noi kiém soat chat lwong (IQC): Téng
cong co6 189 két qua IQC twong tng (chay hang
ngay & 03 mirc ndng dd L1, L2, L3) cla cac théng
s trén trong cling khoang thai gian tir thang 04 dén
thang 06/2025 dé lam co s& dbi chiéu, phat hién
khodng mu va xac nhan 16i hé théng.

2.4. C& mau, chon mau

Nghién ctru 1y toan bo két qua bénh nhan chay
5 théng s huyét hoc (RBC, WBC, HGB, HCT, PLT)
trong 3 thang tlr 04/2025 dén 06/2025. Tiéu chuén
lwa chon: Céac két qua thudc nhém bénh nhan ngudi
I&n (= 18 tudi) dén kham va diéu tri tai bénh vién.
Tiéu chuan loai triv: két qua ctia bénh nhi, cac mau
chay Iap lai cia cung mét bénh nhan trong ngay, va
loai trtr di¥ liéu tr cac nhém bénh nhan cé bénh ly
huyét hoc néng (nhw ung thw mau, suy tay). Déng
th&i, cac gia tri ngoai lai cyc doan dwoc loc bd béng
ky thuat cat xén bach phan vi.

2.5. Bién s6/ ndi dung/cha dé nghién ctru

Cha dé& nghién ctu: Nghién clu tap trung vao
viéc thiét lap va tdi wu hoa hé théng kiém soat chét
lwong thdi gian thyc dwa trén dir liéu bénh nhan
(PBRTQC) théng qua thuat toan trung binh ddng
(MA) cho cac théng sé huyét hoc co ban tai Bénh
vién Lé Van Thinh.

Bién s6 nghién ctru: (1) Cac théng sb6 xét nghiém:
sb lwong bach cidu (WBC), sb lwong héng cau
(RBC), nébng dd Hemoglobin (HGB), s6 luvong tiéu
cau (PLT) va dung tich héng cau (HCT). (2) Théng
s6 thuat toan: nghién ctu ap dung thuat toan Trung
binh dong (Moving Average - MA) lién tuc. Kich
thuoc khdi (Block size - N) dwoc dinh nghia la sé
lwong két qua xét nghiém lién tiép ctia bénh nhan
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dwoc sir dung dé tinh ra mét gia trj trung binh MA.
Khi c6 mot két qua xét nghiém mai nhat (ther N+1)
dwoc dwa vao, hé théng sé loai bd két qua cii nhat
(thtw 1) va tinh lai gia tri trung binh cho khéi méi.
Trong nghién clru nay, cac kich thwéc khdi N = 20,
50, 100, 200 dwoc khdo sat.

Noi dung nghién ctru: (1) Hoi clru 12600 két qua
bénh nhan va di¥ liéu ndi kiém soat chat lvong twong
&ng dé lam co s& dbi chiéu. X& ly dir liéu ngoai lai
bang ky thuat Winsorization. (2) Xay dwng va téi wu
héa mé hinh: Thiét 1ap dai tham chiéu va cac gi¢i han
kiém soat cho tirng thong sé huyét hoc. (3) Banh gia
so sanh hiéu nang: Ap dung thuat toan MA v&i cac
kich thwéc khdi khac nhau (MA20, MA50, MA100,
MA200).

2.6. Ky thuat, cong cu va quy trinh thu thap
s6 liéu

Dir liéu dwoc thu thap théng qua viéc trich xuét twr
hé théng théng tin phong xét nghiém (LIS) tai Khoa
Hoéa sinh - Huyét hoc Truyén mau, Bénh vién Lé
Van Thinh. Déi twong thu thap bao gébm toan bo két
qua cla 05 théng sé huyét hoc co ban (WBC, RBC,
HGB, PLT va HCT) dwoc thyc hién trén hé théng
may phan tich Advia 2120i trong giai doan tr thang
04/2025 dén thang 06/2025.

. KET QUA

2.7. Xtr ly va phan tich sé liéu

Ky thuat Winsorization dwoc &4p dung dé lam
gidm nhiéu sinh hoc: cac gia tri nam ngoai bach phan
vi tht 5 (5th) va bach phan vi thir 95 (95th) duoc
thay thé bang chinh gia tri tai cac ngwéng bach phan
vi nay. Xac dinh gia tri trung binh (Mean) va do léch
chuan (SDp) tir tap di liéu bénh nhan 3 thang sau
khi da lam sach bang Winsorization. Thiét lap gi&i
han ngudng kiém soat (Control Limits)

SD, il

JN

Ap dung thuat toan MA déng lién tuc cta di liéu
bénh nhan v&i 04 kich thwéc khéi (block size) khac
nhau la MA20, MA50, MA100 va MA200. Kich thwéc
khéi N dwoc dinh nghia la sb lwong két qué bénh
nhan dwoc gop lai dé tinh gia tri trung binh mét 1an.
D@ liéu dwoc xt ly, tinh toan cac thuat toan PBRTQC
va vé biéu dd kiém soat bang phdn mém Microsoft
Excel.

CL = Mean,,, +3x

2.8. bao dwrc nghién ctru

Nghién clru dwoc chap thuan bdi Hoi ddng dao
dwc trong nghién ctru y sinh hoc Bénh vién Lé Van
Thinh v&i ma sé 79/HDDD-BVLVT.

3.1. Pac diém dir liéu bénh nhan va gi®i han kiém soat dir lieu PBRTQC

Bang 1. Pac diém di¥ liéu bénh nhan va nguéng cét (n=12600)

Théng sé Trung binh (Mean) DQIéChZChUén Bach phan vi
quan thé (SDp) 5th 95th
HGB (g/dL) 12,16 1,881 75 15,5
RBC (10"2/L) 4,3 0,674 2,66 5,64
WBC (10°/L) 8,12 3,049 3,62 17,34
PLT (10%L) 249,9 82,08 71 457 .4
HCT (%) 38,81 5,627 24,77 48,7

Nhén xét: Trong giai doan tir thang 04/2025 dén thang 06/2025, tbng sb 12600 két qua xét nghiém cla
05 théng s6 huyét hoc (WBC, RBC, HGB, PLT, HCT) da dwoc sir dung nghién ctru. Sau khi ap dung ky thuat
lam sach di¥ liéu Winsorization, cac dic diém phan bé cla di liéu da co sw thay déi dang ké giup tang d6 én

dinh cho mo hinh PBRTQC.
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Bang 2. Gi&i han kiém soét cla théng s6 HGB, RBC, WBC, PLT, HCT (n=12600)

Gi®i han kiém soat (CL)

Théng s6 MA20 MA50 MA100 MA200
LCL UCL LCL UCL LCL UCL LCL UCL
HGB (g/dL) 10,9 13,42 11,36 12,96 11,6 12,72 11,76 12,56
RBC (10%/L) 3,85 4,75 4,01 4,59 4,1 4,5 4,16 4,44
WBC (10°/L) 6,07 10,17 6,83 9,41 7,21 9,03 7,47 8,77
PLT (10°/L) 194,84 304,96 215,08 284,72 225,28 274,52 232,49 267,31
HCT (%) 35,04 42,58 36,42 41,2 37,12 40,5 37,62 40

Ghi cha: LCL: gi6i han kiém soat dwéi; UCL: gidi han kiém soat trén; MA20, MA50, MA100, MA200: trung
binh déng cda N (20, 50, 100, 200) di¥ liéu bénh nhan.

Nhéan xét: Dya trén tap di liéu da lam sach, nghién ctru thiét lap cac gioi han kiém soat cho thuat
toan trung binh ddng (MA). Cac gi¢i han nay dong vai trd 1a nguwéng bao dong cho hé thdng giam sat
th&i gian thuwe.

3.2. So sanh hiéu nang cac mé hinh MA

Bang 3. Sé luong béo déng ctia cac mé hinh MA (n=12600)

i S6 1an vwot ngwdng bao dong
Thoéng so6
MA20 MA50 MA100 MA200

HGB (g/L) 129 80 68 35
RBC (10%%/L) 121 112 78 66
WBC (10°/L) 102 96 88 44
PLT (10%L) 62 45 39 23

HCT (L/L) 124 99 88 61

Nhén xét: Két qua so sanh hiéu nang gitra cac mé hinh trung binh déng cho thay mé hinh MA20 luén
ghi nhan sé lvong vi pham cao nhat (129 1an & HGB va 121 1an & RBC). Nguoc lai, khi tang kich thwéc 1én
MA200, s6 lwong bao déng giam xubéng mirc téi thiéu (chi con 23 1an & PLT va 35 1an & HGB).

h ! i T I'A' i
4 -
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AT AN 10T T

Hinh 1. Trich doan biéu d6 MA cta théng s6 HGB tir ngay 4/4 dén 17/4
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Ghi chu: Tir trén xubng: biéu dé MA20, MA50, MA100, MA200; Buong mau xanh ndm ngang: gidi han
kiém soét trén va dudi; Puong chdm dé: chay néi kiém soat chat long IQC.

Nhéan xét: Hinh 1 minh hoa trwc quan sy thay déi hinh thai clia dwdng trung binh déng théng sb HGB khi
kich thuwéc khéi ting dan tir 20 dén 200. Quan sat biéu dd cho thay kich thwdc khéi cang Ién, dwong biéu
di&n cang tré nén mwot va én dinh, gitp triét tiéu cac nhiéu sinh hoc t mau bénh nhan.

AL b L ol
1l i
\I MG ”\

Chu thich: (a) — HCT; (b) — HGB; (c) — PLT; (d) — RBC; (e) - WBC
Hinh 2. Buong trung binh déng MA20, MA50, MA100, MA200 cua théng sé HCT, HGB, PLT, RBC, WBC ttr
thang 4/2025 dén thang 6/2025

Cac biéu dd tir Hinh 2 cho thay dong hdng cau ghi nhan tn sut bao dong cao nhét trong nghién ciru v6i
HGB giam tir 129 1an (MA20) xubng 35 I&n (MA200), HCT giam tr 124 I3n (MA20) xudng 61 Ian (MA200) va
RBC giam tir 121 1an (MA20) xubng 66 1an (MA200). Béi véi WBC, sb lwvong bao dong gidam dang ké tir 102
lan (MA20) xubng con 44 1an (MA200).

IV. BAN LUAN

Két qua nghién ctru tai Bé&nh vién Lé Van Thinh cho thay sb lwgng bao dong ty 1& nghich véi kich thuéc
khéi (N). Khi N tang dan tr 20 1én 200, dwéng biéu dién trung binh dong tré nén mwot hon dang ké nho kha
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nang loc nhiéu ttr bién thién sinh hoc. Tuy nhién, bao
dong qué 1én & moé hinh MA20 dé dan dén tinh trang
nhiéu bao déng cho nhan vién phong xét nghiém,
khién cac canh bao thyc sw quan trong bi bd qua.
Diéu nay phan anh dé nhay cao di v&i cac sai sd hé
thdng I&n nhwng lai lam tang ty 1& bao déng gia. Biéu
dd Hinh 1 minh chirng ré diém vuwot ngwdng ctia mo
hinh MA20 bét ddu s&m hon cac dwéng con lai. Khi
chay mau moét thdi gian thi tin hiéu bao déng cla
m6 hinh MA100 va MA200 méi xuét hién, didu nay
khién tin hiéu clia cac mé hinh khéi I&n it gay nhiéu
hon. Tuy nhién, n6 cling gay ra do tré 16n; thuce té
cho thay khi phong xét nghiém chay mau néi kiém va
kiém soat vao ngay 9/4, md hinh MA20 da cho thay
hé théng 6n dinh lai nhwng mé hinh MA100, MA200
van con tinh trang canh béo.

Theo Westgard, viéc chay IQC theo chu ky tao
ra cac “khodng mu” ma tai do sai s6 hé théng co
thé phat sinh ngay sau khi mét lwot IQC dat chuan
nhung khéng dwoc phat hién cho dén ky ndi kiém
tiép theo [8]. Tai cac khodng khéng gian gitra hai lan
chay mau néi kiém, duwong trung binh déng thudng
xuyén ghi nhan cac diém vwot ngwéng kiém soat.
Diéu nay minh chirng ctia van Rossum réng dudng
MA cho phép phat hién cac sw cb ky thuat (nhw 16
thudc thir, 16i pha loang hodc suy gidm d6 nhay cla
den laser) theo thai gian thwe, ngay khi mau bénh
nhan dang dugc phan tich.

Theo khuyén céo clia IFCC va tai liéu CLSI C24-
Ed4, PBRTQC nén dwoc coi 1a mét thanh phan bd
tro thiét yéu cho IQC, déc biét ddi véi cac xét nghiém
c6 hiéu nang Six Sigma thap (Sigma < 4) ho&c cac
xét nghiém thiéu vat liéu kiém chirng cé tinh hoan
ddi tét. D liu tr cac biéu d6 cho thdy dworng MA
c6 kha nang phat hién céac sai léch lam sang quan
trong ma IQC dinh ky c6 thé bd sét hodc chi phat
hién mudn hon nhiéu gi®. Viéc dwong MA vi pham
nguwdng gitra cac ky IQC cung cép bang chirng cho
nhan vién phong xét nghiém thwyc hién cac hanh
dong khac phuc tire thi (nhw vé sinh may, kiém tra
héa chét).

V. KET LUAN

Nghién ctu tai Bénh vién Lé Van Thinh da budéc
dau &ng dung thanh coéng hé théng kiém soat chat
lvong thoi gian thwe dwa trén div liéu bénh nhéan
(PBRTQC) cho céc théng sé huyét hoc co ban nham

khac phuc nhitng han ché cb hiru cta ndi kiém
truyén théng nhu tinh gian doan va cac “khoédng mu”
gitra cac ky kiém soat. Mé hinh MA20 cé d6 nhay
cao nhat nhwng dé gay nhiéu, con MA200 4n dinh
nhat nhwng lai c6 do6 tré 1&n trong viéc phat hién 16i.
Viéc trién khai hé théng nay khéng chi giup phong
xét nghiém phat hién sém cac sy cb kj thuat ngay
trong qua trinh phan tich mau ma con la cdng cu b
tro thiét yéu dé tbi wu hoa chi phi va dam bao an toan
t6i da cho két qua xét nghiém ctia nguoi bénh.

L3I CAM ON

Nghién clru nay duoc tai tro béi Trwong Dai hoc
Nguyén T4t Thanh, Thanh phé H& Chi Minh, Viét Nam.

Xung dét Igi ich: Nhém tac gid khong co xung
doét lgi ich

TAI LIEU THAM KHAO

1. Badrick T., Bietenbeck A., Cervinski M.A., et al.
Patient-Based Real-Time Quality Control: Review and
Recommendations. Clinical chemistry. 2019; 65(8):
962-71.

2. DongX,, LiuJ., LiB., etal. Acomparative study of the
quality control efficacy of multiple error-introduction
methods for patient-based real-time quality control.
Practical laboratory medicine. 2026; 50: e00528.

3. Duan X., Zhang M., Liu Y., et al. Next-Generation
Patient-Based Real-Time Quality Control Models.
Annals of laboratory medicine. 2024; 44(5): 385-91.

4. Li Y, Yu Q. Zhang X., et al. Comparison and
optimization of various moving patient-based real-time
quality control procedures for serum sodium. Journal
of clinical laboratory analysis. 2021; 35(10): €23985.

5. Liang Y., Wang Z., Huang D., et al. A study on
quality control using delta data with machine learning
technique. Heliyon. 2022; 8(8): e09935.

6. ZhaxiB.,MaC.,Chen Q. etal. Comparison of EWMA,
MA, and MQ Under a Unified PBRTQC Framework for
Thyroid and Coagulation Tests. Diagnostics (Basel,
Switzerland). 2026; 16(2).

7. Dai Q. Zhang Y., Zhao X., et al. Trajectories
of peripheral white blood cells count around the
menopause: a prospective cohort study. BMC
Women’s Health. 2024; 24(1): 504.

8. Westgard J.O., Bayat H., Westgard S.A. Advanced
QC Strategies: Risk-based Design for Medical
Laboratories. Westgard QC, Incorporated; 2022.

349



