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Tém tit
Muc tiéu: Sang loc va lga chon mo hinh dugc dong hoc quﬁn thé (PopPK) cua
Tacrolimus (Tac) phit hop véi quan thé bénh nhan (BN) ghép than tai Bénh vién
Quan y 103 (BVQY 103). Phwong phdp nghién citu: Phuong phap tham dinh
ngoai dugc st dung dé lya chon mé hinh PopPK thich hop. Dt li¢u tham dinh
ngoai duoc thu thap tién ctru tir dir liéu cia 63 bénh nhan (BN) ghép than tai
BVQY 103. Tt ca md hinh PopPK cuia Tac duogc tong hop hé théng tir co sé dir
liéu Pubmed va Scopus. M6 hinh dugc lya chon cho tham dinh ngoai la m6 hinh
c6 chtra cdc yéu td ddng anh hudéng cé trén bo dir liéu BN cua ching t6i. Trung
binh gid tri tuyét ddi cua sai s6 du dodn (MAPE), sai s6 du dodn trung binh
(MPE), va biéu d6 GOF duoc str dung dé ddnh gid tinh phii hop ctia cdc mé hinh
PopPK. Két qud: C6 6 md hinh dugc lya chon cho tham dinh ngoai, trong d6 mo
hinh cua Zhu (2018) cho kha ndang du bdo tdt v6i MAPE = 29,89%;
MPE = -0,48. Biéu d6 GOF ciing cho thiy md hinh nay cé két qua du bdo tot
nhat khi duong xu hudng cic diém du bdo bam sit voi dudng chuan (y = x).
Két lu@n: M6 hinh cta Zhu cho phép dy dodn t6t ndng do ddy cia Tac trén quin
thé BN ghép than tai BVQY 103 va c6 thé duoc sir dung trong hd trg tinh lidu

cua BN ghép than.
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EXTERNAL EVALUATION OF TACROLIMUS POPULATION
PHARMACOKINETIC MODELS IN ADULT KIDNEY TRANSPLANT
RECIPIENTS AT MILITARY HOSPITAL 103

Abstract

Objectives: To screen and select an appropriate PopPK model in Vietnam
kidney transplant recipients at Military Hospital 103. Methods: External
evaluation was used to choose the proper model for our patients. The external
dataset was obtained prospectively from 63 adult kidney transplant recipients
treated at Military Hospital 103. All published tacrolimus PopPK models were
systematically screened from PubMed and Scopus databases and were selected
with covariate resemblance to our patient’s characteristics. Mean absolute
prediction error (MAPE), mean prediction error (MPE), and goodness of fit plots
were used to identify the appropriate model. Results: There were six models
selected, among them, the model of Zhu et al. (2018) had a good predictive
ability with MAPE = 29.89, MPE = -0.48. The GOF plot of this model also
revealed similar results when the trend line between the predicted and observed
tacrolimus concentrations was quite close to the standard curve (y = Xx).
Conclusion: The Zhu’s model allowed good forecasting of tacrolimus trough
concentrations in kidney transplant recipients at Military Hospital 103 and may
support physicians in Tac dose adjustment along with clinical practice.

Keywords: Kidney transplantation; Tacrolimus; Population pharmacokinetic
model; External evaluation.

PAT VAN PE dugc thuc hién dya vao theo ddi nong
Tacrolimus (Tac) 12 thubc nong cdt do ddy (Co) ciia Tac. Tuy nhién, vigc
trong phac dd Gc ché mién dich cia diéu chinh liéu dé dat C, mong mudn
BN ghép than. Thudc c6 khoang diéu con gap kho khan dac biét la giai doan
tri hep va ¢6 su dao dong 16n vé duge SOm sau ghép khi nong d6 thudc dao
dong hoc gitra cdc cd thé va trong mbi  dong khd 16n. Trong boi canh d6, mo
¢4 thé. Do d6, viéc theo ddi trj lidu Tac  hinh PopPK véi cdc thong tin vé yéu t6
(TDM) duoc coi 1a bt budc dé duy tri dong anh huéng cé thé gidp du dodn
hiéu qua va giam thiéu tdc dung khong  thong s6 dwgc dong hoc cé thé ciing
mong mudn cua thudc. Hién nay, 6 nhu tinh todn lidu cia BN ghép than
hau hét cdc trung tdm ghép tang, TDM  (1). Ung dung lam sang ctia md hinh
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PopPK s& lam rit ngén thoi gian dé dat
Cy mong mudn va cai thién hiéu qua
1am sang. Cho dén nay, chua c6 md
hinh PopPK dugc xay dung va phat
trién trén quan thé BN ghép than ngudi
Viét. Do d6é nghién ctru cua ching t6i
duoc tién hanh nham: Sang loc va luwa
chon moé hinh PopPK cua Tac phit hop
véi quan thé BN ghép thin tai Bénh
vién Quan 'y 103.

POI TUQONG VA PHUONG PHAP
NGHIEN CUU

1. P6i twong nghién ciu

- Quan thé BN ghép than tai
BVQY 103:

Déi tuong nghién ctru bao gom 63
BN ghép than duoc thu thap dit liéu tién
ctru tai BVQY 103 tr thang 01 - 7/2022.

*Tiéu chuan lwa chon: BN ghép
than nguoi Viét > 18 tudi, BN st dung
Tac va dong y tham gia nghién ctru.

*Tiéu chudn logi trir: BN ghép than
nhiéu lan.

- Céac md hinh PopPK phu hop véi
quan thé BN ghép thin tai BVQY 103

Tat ca md hinh PopPK ciia Tac trén
BN ghép than
duoc tong hop hé thong tir co s¢ dir

nguoi truong thanh

liéu Pubmed va Scopus. Sau do6, tiép
tuc lva chon mo hinh ¢é chura cac yéu
t6 déng anh hudng cé trén bo dir lidu
BN nghién ctru.

2. Phwong phap nghién ctru

* Thiét ké nghién ciru: Nghién
ctru tién ctru theo ddi doc. Phuong
phédp thdm dinh ngoai cdc md hinh
PopPK cua Tac trén bg dir liéu cua
63 BN ghép than tai BVQY 103.

* C& mau va chon mau: LAy mau
thuan tién.

*Cong cu nghién cuu va ky thudt
thu thdp thong tin: Gom céc bude nhu sau:

- Bude 1: Thu thap danh sach BN
ghép than tai Trung tam Ghép tang,
BVQY 103.

- Budc 2: Sang loc BN ghép than theo
tiéu chuan lwa chon va tiéu chuan loai trir.

- Budc 3: Thu thip thong tin cua
BN ghép than. Tién hanh thu thap dit
liéu vé dic diém cua quan thé BN ghép
than than tai BVQY 103. Céc thong tin
can thu thip bao gdbm tudi, gi6i tinh,
can ning, s6 ngay theo doi sau ghép,
Hct, kiéu gen CYP3AS.

- Buoc 4: Sang loc cic mo hinh
PopPK phil hop véi dic diém quan thé
BN ghép than tai BVQY 103 tir tong
quan hé thong.

- Budc 5: Banh gia tinh pht hop cua
mo hinh PopPK trén bo dir licu BN
ghép than tai BVQY 103 dua trén 3
tiéu chi: Trung binh gid tri tuyét d6i
cta sai s6 du dodn (MAPE), sai s6 du
doan trung binh (MPE) va biéu do
GOF biéu dién mdi twong quan giita
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noéng do quan sit - nong do du dodn.
Kha nang dy bdo ctia mdé hinh dugc
phan loai dya vaio MAPE: Dy bé4o chap
nhan duoc (MAPE < 50%), du béo tdt
(10% < MAPE < 20%), va rat tot
(MAPE < 10%).

* Phan tich di [lidu: Phan mém
MONOLIX2020R1 duoc st dung dé
du dodn ndng d6. Gid tri du bdo boi
mod hinh theo tiép can A priori va tiép

can Bayesian dugc su dung dé danh
gid hic¢u suat du bdo cua cdc md hinh
PopPK. Dit liéu thu duoc tir phan mém
MONOLIX2020R1 s€ dugc st dung
dé tinh todn gid tri MPE, MAPE thong
qua phan mém Microsoft Excel.

3. Pao dirc nghién ciu: Nghién
ctru nay di dugc thong qua Hbi dong
Pao duc cuia BVQY 103 ngay
25/01/2022, 6 04/CNChT - HDDD.

KET QUA NGHIEN CUU

1. Pbi twong nghién ciru
* Dac diém qudn thé BN ghép than tai BVQY 103:
Trong khoang thoi gian tir thang 01/2022 - 7/2022 tai Khoa Than - Loc mau,

BVQY 103 d3 ghi nhan 63 BN ghép thin trudng thanh ngudi Viét du tiéu chuin

lya chon duogc dua vao nghién ctru. Pac diém cta 63 BN duoc trinh bay ¢ bang 1.

Bing 1. Bic diém ctua BN ghép than tai BVQY 103.

Pic diém S6 lwong (n = 63)
Gioi tinh, n (%): Nam 45 (71,4%)
N 18 (2,6%)
Tudi’ 39,2 + 10,4
Can nang (kg)" 55,5+84
Hematocrit (%)" 322452
Thoi gian hau phau (ngay)” 41 (12 - 58)
Kiéu gen CYP3AS5, n (%):
1#1/*%1%*3 25 (39,7%)
*3%*3 38 (60,3%)
Téng lidu tacrolimus/ngay (mg)” 6,0 (5,0-6,0)
Nong do ddy tacrolimus (ng/mL)* 6,7+2,3
S6 diém ndng do day 867
S6 diém ndng d6 ddy trung binh/BN 13,8

Chii thich: * gid tri trung binh (+ SD); * gid tri trung vi (e phdn vi);
CYP3A5*]*1/*] *37 la kieu gen 7 bieu hiéen hoat tinh cua CYP3A5;
CYP3A5%3%*3 la kiéu gen khong biéu hién hoat tinh cua CYP3AS.
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Pa s6 BN 1a nam gidi c6 tudi trung binh gan 40 tudi. POD trung vi 12 41
ngay. Kiéu gen khong biéu hién hoat tinh CYP3A5%3*3 chiém hon mot
nira s6 BN. Tat ca BN déu dang sir dung Tac dang giai phéng nhanh.

* Pic diém mo hinh PopPk trén BN ghép thin:

Tién hanh tong quan hé thong trén hai co sé di lidu 1a Pubmed va
Scopus dén thang 5/2021, ghi nhan 44 nghién ctru PopPK cta Tac trén BN
ghép than truong thanh gdm tudi, cin ning, ndng do hematocrit (Het), kiéu
gen CYP3AS. Do dé, tir 44 md hinh PopPK cua Tac trén BN ghép than
truong thanh, ching t6i loai trir 33 mo hinh khong c6 yéu té gen CYP3AS5,
5 mo hinh ¢6 cédc yéu to dong anh hudng khong c6 trén bo dir liéu BN hién
¢6 va 1 nghién ctru khong c6 dir liéu md hinh day du. Cudi ciing, nhém
nghién ctru lya chon 6 hinh PopPK phit hop véi dic diém ciia quan thé BN
moi ghép tai BVQY 103. Pic diém ctia 6 m6 hinh PopPK di dugce sang loc
duoc trinh bay ¢ bang 2.

Bang 2. Pic diém 6 md hinh PopPK dugc sang loc phit hop véi quan thé BN ghép

Sai s6 du
hié M6 hinh o B )
Nfl'l’luen 05?1 t:’lc Mo hinh cac yéu to anh huéng (2\)7 doan
’ (RUV)
Ka=4,5h"
Han va 1 ngan CI/F (L/h) 105
oS Hipthu oo, 45+1+3)+00525(CY PRAS=3:3)) Sai 56 ty 1&:
2013 va thai trr H:?;J'E ;’Ft:athm——ﬂl 1Wn'c7"r?"a,,ﬁczﬂ e IEA ﬁ_gllgg;‘&g 40,0%
@ e
V/F (L)~ 716 X QU’BEEKEE,ME 48,7
Ka=4,5h"
Zhang 1 ngan CI/F (L/h) o
vaCS.  Hépthu = - 188 "% cane
2017 vathaitir 22,4 g\ TV pap) o pTUILKLYEIAD o 2,33 r{g/rr;L
3) bac 1 (39,1/HCT)"** n -

V/E (L) = 179 x POD"#%?
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Nghién Mo hinh o L v ](32\)7 Sa(:l s? du
ctru chu triic Mo hinh cac yéu to anh huéng ° (R(;‘;)
| ngan Ka = 3,43
Han va Hap thu Tlag =0.25
CS. va thai trir CI/F (L/h) = 21,9 * (1 + 0,0119(POD — 109 Saisoty
2214 bacl g 6))X0,816°"". CYP =1 néu CYP3A5#3+3, 1€:5,4%
) CO thO; conlai=0 59,1
glan tre V/F = 205
Ktr=5,11h" ”
Mtt = 0,78 h 16
. 2 ngén Ka= 7,31 h_1 i L4z
Woillar . - 28 Sai so cap
dva Thai gian CL/F (L/h) = 21,2 % [(HCT/35) "] x 31 s6 cong:
Cs. trevahap  (29"*) CYP3AS5 =0 néu BN khong biéu 0,71 ng/mL
thu Erlang  hijén kiéu hinh ciia CYP3AS, con lai CYP3AS5 VN
2011 e Sai sO ty I€:
Thai tru =1
%) « 11,3%
bac 1 VI1/F = 140,94 (L) 54
Q/F (L/h) =79 €0
V2/F (L) =271
Ka=3,089h" o
Zhuva  Ingin  CL/F =272 X [(WT/70)°"] X [(HCT/0,35)"%" S:g o ga,p
CS. Hap thu X [(POD/180)*%] X CYP3AS5 (L/h) 2.5 ne/mlL
2018 2 thai tri : -’ 288 08
p vathat it cyp3AS5 = 0,753 néu BN khong biéu hién © Sai sb ty 1é:
©) bic 1 CYP3AS, con lai CYP3AS = | 18.8%
V/F =240 L (cb dinh)
Ka=4,5h"
Lingva CI/F (L/h) = 23,3 X (HCT/0,309) *** X Sai s6 cap
CS. Hépgth [(0,897, néu POD > 10) or (1, néu POD < 10)] s6 cong:
2020 v 1,40 ng/mL
o va thii trir 0,657 R I iy
bic 1 CYP3A5 = 0 néu BN khong biéu hién kiéu "“2:043 ¢
470

hinh cia CYP3AS, con lai CYP3A5 =1
V/F (L) =240

CI/F: D$ thanh thdi dwong uéng; BSV: Bién thién gita cdc cd thé; Het:
Hematocrit, GOF: Goodness of fit; Ka: Hang sé toc do hdp thu; Ktr: Transit rate
(toc dg hap thu); Mit: Mean transit time (thoi gian hdp thu trung binh); POD:
Ngay hdu phau; Q/F: Thanh thdi giita cdc khoang dwong uéng; V/F: Thé tich
phan bé dwong uong; VI/F: Thé tich phan bé ngan trung tam dwong uong; V2/F:

Thé tich phan b6 ngan ngoqi vi dwong uong; WT: Can ndng.
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Cac md hinh dugc lua chon hau hét 1a moé hinh mot ngan, hap thu va thai trir
bac mot, chi cé md hinh ctia Woillard va CS (2011) 1a m6 hinh hai ngéan véi thoi
gian tré va hip thu Erlang, thai trir bac mot. Céc yéu t6 anh huong duoc dé cap
trong cdc md hinh PopPK cudi ciing bao gdbm POD, Hct, cin ning va kiéu gen
CYP3AS5. Sai sb6 dy doan (RUV) dugc md ta véi ham ty 1¢ ¢ 2 nghién ctru, ham
cong ¢ 1 nghién ctru va ham ty 1é két hop voi ham cong & 3 nghién ctiru. Ca 6 md
hinh déu cho théy muc d0 dao dong thanh thai Tac (CI/F) gitta cic ca thé cao
(BSV), 5/6 m6 hinh ¢c6 BSV > 20% cua CI/F.

2. Panh gia hiéu suit du doan ciia cic md hinh PopPK trén quén thé BN
ghép than tai Bénh vién Quan y 103

* Hidu sudt du dodn néng do cua cdc moé hinh dvwa trén do sai léch (bias)
va do chinh xdc (precision):

Hinh 1. Sy khéc biét gid tri MPE/MAPE khi str dung tiép cin A priori va
tiép can Bayesian
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Khi st dung tiép can A priori, céc
mod hinh cua Woillard va CS (2011),
mo hinh cua Han va CS (2014) va Han
va CS (2013) c6 xu hudéng dy doan
ndng do thap hon so voi ndng do quan
sat duge véi MPE lan luot 12 -0,32 va -
0,96 va -1,76. Cac mo hinh con lai déu
cho két qua xu hudng du dodn cao hon
so vOi gid tri quan sit. Voi tiép cén
Bayesian, két qua du bdo ctia hau hét
cac md hinh PopPK da dugc cai thi¢n
bang viéc giam cdc gid tri MPE trir mo
hinh cua Han va CS (2014).

Véi MAPE, trong tiép cin A priori,
cdc md hinh déu cho két qua du bdo
khéng tot voi MAPE cao

(49,64% - 183,48%). Chi c6 md
hinh cua Han va CS (2014) 1a cho két
qua du doan chép nhan duoc voi
MAPE < 50%. Vi tiép can Bayesian,
gid tri MAPE thap hon tuong ung véi
kha ndng du dodn cua md hinh PopPK
da cai thién dang ké. M6 hinh ctia Zhu
va CS (2018) cho két qua du dodn tot
v6i MAPE 1a 29,89%.

* Hiéu sudt dw dodn thong qua biéu
do GOF:

Méi twong quan giita ndng do
quan sat - néng do du doan (GOF) voi
tiép can A priori va tiép can Bayesian
lan luot duoc thé hién trong hinh 2
dudi day.

Han va CS (2013)

T T T

Woillard va CS (2013) | Zhu va CS (2018)

Zhang va CS (2017)

Han va CS (2014)

Ling va CS (2020)

Hinh 2. Biéu d6 GOF thong qua tiép can Bayesian.

86



TAP CHI Y DUQC HQC QUAN SU SO 5 - 2023

Khi st dung tiép cin Bayesian,
duong xu hudng (dudong mau do) cua
cdc diém trén biéu dd du dodn béi
thong sb cé thé gan v6i duong thang y
= X (duong mau den) va bam sat voi
duong chuan y = x. C6 thé thdy, md
hinh cua Woillard va CS (2011), Zhu
va CS (2018) cho két qua khop twong
dbi tt. Trong d6, mo hinh cua Zhu va
cs (2018) cho thiy cdc diém du dodn
bam sat duong chuan y = x hon. Céc
md hinh con lai cho thdy méi twong
quan kém gitra nong d6 du dodn va
néng dd quan sat khi duong xu hudng
cdc diém dy dodn léch khd nhiéu so
voi dudong chuan y=X.

Nhu vay, tir két qua tham dinh mb
hinh cua Zhu (2018) vdi gia tri MAPE
= 29,89%; MPE = -0,48 va biéu db
GOF, chung t61 lya chon mo hinh cua
Zhu va CS (2018) 1a md hinh phu hop
v6i quan thé BN moi ghép than tai
BVQY 103.

BAN LUAN

1. Cac m6 hinh PopPK phu hop
véi quin thé BN ghép than tai
Bénh vién Quany 103

Cho dn nay, c6 nhiéu mé hinh
PopPK cua Tac da dugc xay dung trén
quan thé BN ghép than. Tuy nhién, cdc
md hinh nay déu dugc xdy dung dua
vao tung trung tdm, do d6 kha nang
ngoai suy cua cic mO hinh nay trén

quan thé BN khdc 1a chua chic chan.
Tu do, viéc danh gid kha nang dy bao
ciia cdc mo hinh PopPK 1a can thiét
trude khi trng dung cac mo hinh nay
vao thuc hanh 1am sang. Theo hiéu biét
cia ching tdi, ddy 1a nghién ciu dau
tién tién hanh thim dinh kha ning du
bdo cua cac mo hinh.

Trong 6 md hinh PopPK da duogc
Ira chon, céc yéu té dong anh huodng
dugc ghi nhan gdm kiéu gen CYP3AS,
Hct, POD va cin ning cua BN. Kiéu
gen CYP3AS5 da duoc ghi nhan 1a yéu
t6 anh huéng t6i CO cua Tac va da
duoc dua vao huéng dan lya chon lidu
ban dau cta Tac (8). Déng thuan quéc
t¢ vé& TDM cua Tac ciing di khuyén
cdo tich hgp kiéu gen ciia CYP3AS5
vao cdc md hinh PopPK dé t6i uu héa
lidu ctia Tac. Do d6, ching toi di lua
chon cdc md hinh c6 tich hop kiéu gen
CYP3A5 1a yéu té dong anh huong.
Bén canh CYP3AS5, sb ngay sau ghép
cling la mdt yéu td du dodn duoc dua
vao trong 5/6 m6 hinh. C6 sy khong
thong nhat vé tic dong cua POD tdi
thanh thai cua Tac gilra cic mo hinh.
MO hinh cua Han va CS (2013) va mo6
hinh cta Ling va CS (2020) dong
thuan voi nghién ctru cua Staatz va CS
cho rang thanh thai Tac giam ciing véi
su ting ctia POD. Diéu nay dugc giai
thich do tang cua Hct va albumin sau
ghép than cing v6i sy hdi phuc cua
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chtrc ndng than. Trong khi d6, mo6 hinh
Zhang va CS (2017), Han va CS
(2014), Zhu va CS (2018) déu cho rang
thanh thai Tac tdng 1€n cung véi sy
ting cta phuc hdi nhu dong rudt va
chuyén héa. Do d6, tic dong cia POD
trén thanh thai Tac van can duoc
nghién ctu thém trong tuong lai. Tuy
vay no van dugc xem 1a mot trong
nhitng hiép bién quan trong cta md
hinh dugc dong hoc quﬁn thé Tac trén
BN ghép than.

C6 nhiéu nghién ctru di chi ra anh
huong cia Het doi v6i do thanh thai
ctia Tac. Piéu nay duoc 1y gia 1a do
Tac lién két chit ché v6i hong cau, do
d6 Hect ting 1én s& giam ndng do cua
Tac trong huyét tuong, dan ti giam
chuyén héa hay thanh thai qua gan.
Nghién ctu cua ching t61 ¢6 5/6 md
hinh c6 yéu t6 Het 1a hiép bién, khi Het
tang ing voi thanh thai Tac giam. Bén
canh d6, mo hinh cua Han (2013), Zhu
(2018) déu cho thay cin ning c6 anh
huong dén duoc dong hoc cua Tac.
Can ning cta BN cé anh hudng dén
thé tich phan bd hodc do thanh thai
cua Tac.

2. Két qua kha ning du doan cia
cac mo6 hinh POP PK dugc chgn

Két qua nghién ctru ctia ching toi
dong thuan voi cdc nghién ciru trude
day cho thay cdc diém nong do dugc
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dy bdo cdc md hinh dugc dong quan
thé theo tiép can A priori cho két qua
du bdo khong tot. Pong thoi, nghién
clru ctia ching toi cling chi ra rang, st
dung tiép can Bayesian cai thién kha
nang dy dodn vuot trdi hon rat nhiéu.
Hai m6 hinh cua Woillard va CS
(2011), Zhu va CS (2018) cho két qua
du bdo tot CO cua Tac. Trong dé,
mo hinh cua Zhu va cs (2018) cho théy
cic diém du doin bam sit duong
chuan y = x hon. Vi vy, mé hinh cta
Zhu c6 thé duoc st dung dé du doan
CO cua Tac.

3. Uu diém va han ché caa
nghién ctru

Mot trong nhitng uvu diém trong
nghién ctru cua ching t61 la phuong
phép thdm dinh ngoai duoc tién hanh
trén ca md hinh PopPK mot ngan va
hai ngan. Hon nita, tit ca cic md hinh
déu tich hop kiéu gen cua CYP3AS5 la
mot yéu t6 dong anh huong. Hai
nghién ctru thim dinh ngoai gan day
cua Hu va Methaneethorn [9] hoac la
chi danh giad trén md hinh PopPK mot
ngan hodc khong nghi€én clru anh
huong cua CYP3AS 1én CO cua Tac.

Nghién ctru cua ching t61 cling c6
mot s6 diém han ché. Thir nhat, nghién
ctru khong bao gébm mot sd yéu td anh
huong khic nhu CYP3A4. Tuy nhién,
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ti 16 dot bién cia CYP3A4 trén quin
thé nguoi chau A rét thap, chi < 0,01%
[10]. Do dé, ching t6i khong phan tich
kiéu gen CYP3A4. Ngoai ra, xét
nghiém dinh lwong ndng d6 Tac cia
chiing t6i khic véi mot sé nghién ciu.
Tuy nhién, Trung tdm Ghép tang cua
ching t61 st dung phuong phap
mién dich vi tiéu phan héa phat quang,
day 1a phwong phdp duogc sir dung phd
bién nhat hién nay cho phan tich CO

cua Tac.
KET LUAN

M6 hinh cua Zhu cho phép du doédn
t6t nong d6 ddy cua Tac trén quan thé
BN ghép than tai BVQY 103 va c6 thé
dugc st dung cho viéc hd tro tinh lidu
cua BN ghép than.

* Loi cam on: Nhom nghién ctu
chan thanh cam on cdc dgi ngii bac sy,
diéu dudng, k¥ thuat vién cia BVQY 103,
Hoc vién Quan y da gidp do ching t6i
trong qua trinh thu thap dir licu nghién
ctru. Ching t6i cling chan thanh cam
on cic BN ghép than da dong y tham
gia nghién ctru. Chung t61 cling tuyén
bd khong c6 xung dot loi ich tir két qua
nghién ctru.
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