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M6 Ta Bai Toan.
1. M& dau.

- Theo tai liéu vé y khoa thi thuyén tac phéi la tinh trang
tdc ddng mach phdi thwodng do huyét khéi tr hé tinh
mach sau chi dwodi.

- Huyét khéi da bj v& va tréi ndi tw do trong mach mau cé
thé di chuyén dén mét viing khac clia co thé va gay tac
nghén mach mau tai d6. C6 thé cé6 mdt hodc nhiéu
huyét khoi.

Infarction

Embolus in lungs

Hinh 1: Trang thai bj thuyén tdc phbi

- Binh thuong tat ca tinh mach trong co thé dan mau di vao

tinh mach 1&n hon, réi dan mau dén tim phai va tiép tuc vao
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ddng mach phdi. Néu c6 huyét khdi trong hé tinh mach,
huyét khdi nay sé di chuyén tr cac tinh mach sang tim phai
réi lai tlr tim phai di vao ddng mach phdi chinh va cé thé bi
mac ket & d6 hoac tiép tuc di chuyén vao mét trong hai phéi.

Khi huyét khéi nam trong déng mach phéi sé chan lwu lwong
mau dén phdi d& nhan lay oxy. Néu khéng cé di mau dé
nhan dwoc oxy va di chuyén sang tim trai, nébng dd oxy trong
co thé gidm xudng mét cach nguy hiém va cé thé gay ra tén
thwong cho tat ca cac co quan trong co thé, ké ca nao, than
va tim.

Ngoai ra, do tdc nghén tai phdi lam ting ap suét lén tim
phai. Tim phai c6 thé bi phinh to va co bép nang né hon,

tham chi chén ép lam anh hwdng dén tim trai. Néu tim trai
khéng thé bom dui mau, huyét ap cling gidm xudng. Tat ca
nhirtng tac déng nay cé thé dan dén tlr vong dot ngdt hodc
sau khi thuyén téc phdi da xay ra mét thoi gian ngadn ma
khéng dwgc chiva tri.

Thuyén téc phdi 1a bénh thwdng gap va gay tlr vong véi ti 1&
t&r vong khodng 30% néu khdng dwoc diéu tri. Tuy nhién to

suét co thé gidm dang ké nh& chan doan va diéu trj sém.



2. Phat biéu bai toan.

- Bai toan can giadi quyét véi viéc xét nghiém ddmer hodc
kham 1am sang bang cach s dung thang diém |am sang dé
danh gia, tién lwong nguy co tlr dé céd thé dwa ra quyét dinh
cé ap dung xét nghiém vé xa hinh déng mach phdi hay
khéng.

- Viéc dwa ra quyét dinh chan doan sém sé gitp bac s§ can
thiép kip th&i nham ciru sdng bénh nhan.

3. M6 Ta D Liéu.

> data(PE)
> PEX%>%head()

wells pregnant pe angio d.dimer treat death
1 3 No No Negative 206 No No
2 2 No No Positive 180 Yes No
3 3 No No Negative 197 No No
4 3 No No Negative 192  Yes No
5 2 No No Negative 281  Yes No
6 6 No Yes Positive 318 Yes No

Hinh 2: Di¥ liéu m&u duwoc trich xuét tir tp dataset PE thudc thu vién

Hydenet



- B di¥ liéu PE la mét dataset véi 1000 trwdng hop
(bénh nhan), v&i 7 cot gia tri thudc thw vién Hydenet
dwoc md ta 1an lwot nhw sau:
1. wells la 1 bién sbé roi rac, trinh bay diém l1am sang theo

tiéu chi Wells.

Wells' Criteria for Pulmonary Embolism ~

When to Use ~ Pearls/Pitfalls Why Use

Clinical signs and symptoms of DVT “ Yes +3
%
PE is #1 diagnosis OR equally likely “ Yes +3
Heart rate > 100 “ Yes +15
Immabilization at least 3 days OR surgery in Yer +1
the previous & weeks -
Previous, objectively diagnosed PE or DVT “ Yes +15
Malignancy w/ treatment within & months or Yes +1
palliative =

2. pregnant 1a 1 bién nhi phan, chi tinh trang C6/khéng khi
bénh nhan la nir mang thai.

3. pe_la 1 bién nhj phan, cho biét chdn doan cla bénh
thuyén tac phdi.

4. angio la 1 bién nhi phan, trinh bay két qua xét nghiém
xa hinh déng mach phéi véi thubc can quang, véi 2 gia
tri Positive/Negative.

5. d.dimer 1a bién sé lién tuc, trinh bay két qua xét nghiém

dinh lwgng D.dimer trong mau.



6. treat la 1 bién nhj phan, la quyét dinh diéu trj :
Co/khdng.
7. death I1a 1 bién nhj phan, cho biét két cuc cia bénh

nhan: No=sbng s6t, Yes=T& vong

RStudio

File  Edit Code View Plots Session Build Debug  Profile Tools Help

Q- Or = Go to file/function ~ Addins ~
Console  Terminal Jobs =
~f

> Tibrary(tidyverse)

-- Attaching packages -----—————-- -
tidyverse 1.3.0 --

<U+221A> ggplot2 3.

3 <U+221A> purrr
<U+221A> tibble .0.

0

3

0 0.3
3 1 <U+221A> dplyr  0.8.

<U+221A> tidyr 1.0.3 <U+221A> stringr 1.4

<U+221A> readr 1 1 <U+221A> forcats 0.5

-- conflicts --—-——-—— === - tidyv

erse_conflicts() --

X dplyr::filter() masks stats::filter()

x dplyr::Tag() masks stats::lag()

> Tibrary(HydeNet)

Loading required package: nnet

> Tibrary(HydeNet)

> data("PE"p

Hinh 3: Load thw vién HydeNet co tich hop bd dir liéu PE



Giai Phap Bé Xuét.
1. Pinh ly Bayes
1.1. Phat biéu dinh ly:

Dinh ly Bayes cho phép tinh xac suat xay ra clia mét sy kién ngau
nhién A khi biét sw kién lién quan B da xay ra. Xac suat nay dwoc
ky hiéu 1a P(A|B), va doc 1a "xac suat cia A néu co6 B". Pai lwong
nay dwoc goi xac suat co diéu kién hay xac suét hau nghiém vi nd

dwoec rut ra ttr gia tri dwoc cho clia B hoac phu thudc vao gia tri do.

Theo dinh ly Bayes, xac suét xay ra A khi biét B sé phu thuéc vao 3

yéu t6:

« Xac suét xay ra A clia riéng no, khéng quan tam dén B. Ky hiéu
la P(A) va doc la xac suét cla A. Day dwoc goi la xac suat bién
duyén hay xac suét tién nghiém, né Ia "tién nghiém" theo nghia
rang né khéng quan tdm dén bat ky thdng tin nao vé B.

« Xac suét xay ra B clia riéng no, khéng quan tam dén A. Ky hiéu
la P(B) va doc 1a "xac suét cta B". Pai lwong nay con goi la
hang s6 chuin héa (normalising constant), vi né luén giéng
nhau, khéng phu thudc vao sw kién A dang mudn biét.

« Xac suét xay ra B khi biét A xay ra. Ky hiéu la P(B|A) va doc la
"xac suat cta B néu cé A". Pai lwong nay goi 1a kha nang
(likelihood) xay ra B khi biét A da xay ra. Chu y khéng nham 1an
gitra kha ndng xay ra B khi biét A va xac suat xay ra A khi biét
B.

Khi biét ba dai lwong nay, xac suét ctia A khi biét B cho b&i cong thirc:


https://vi.wikipedia.org/wiki/X%C3%A1c_su%E1%BA%A5t_c%C3%B3_%C4%91i%E1%BB%81u_ki%E1%BB%87n
https://vi.wikipedia.org/wiki/X%C3%A1c_su%E1%BA%A5t_h%E1%BA%ADu_nghi%E1%BB%87m
https://vi.wikipedia.org/wiki/X%C3%A1c_su%E1%BA%A5t_bi%C3%AAn_duy%C3%AAn
https://vi.wikipedia.org/wiki/X%C3%A1c_su%E1%BA%A5t_bi%C3%AAn_duy%C3%AAn
https://vi.wikipedia.org/w/index.php?title=X%C3%A1c_su%E1%BA%A5t_ti%C3%AAn_nghi%E1%BB%87m&action=edit&redlink=1
https://vi.wikipedia.org/wiki/Ti%C3%AAn_nghi%E1%BB%87m
https://vi.wikipedia.org/w/index.php?title=H%E1%BA%B1ng_s%E1%BB%91_chu%E1%BA%A9n_h%C3%B3a&action=edit&redlink=1
https://vi.wikipedia.org/w/index.php?title=H%C3%A0m_kh%E1%BA%A3_n%C4%83ng&action=edit&redlink=1

P(B|A)P(A)  likelihood * prior

P(B)  normalizing_constant

P(A|B) =

Twr do dan toi

P(A|B)P(B) = P(AN B) = P(B|A)P(A)

Cac dang khac cuta dinh ly Bayes ]
Dinh ly Bayes thwdng cling thwong dwoc viét dwdi dang
P(B) = P(A, B) + P(A“,B) = P(B|A)P(A) + P(B|A°)P(AY)
hay
P(B[A)P(A)
P(B|A)P(A) + P(B|AC)P(AC)’

P(A|B) =

trong d6 AC 1a bién cb bu cla bién cb A (thuwdng dwoc goi la
"khéng A"). Tbng quat hon, véi {Ai} tao thanh mét phan hoach
ctia khéng gian cac bién cb,

P(BIA)P(A)
>>; P(B|Aj)P(4;)

P(A;|B) =

v&i moi Ai trong phan hoach.

Cong thirc nay con duoc biét dwdi tén cong thirc xac suat day
da.

1.2. Dinh ly Bayes v&i ham mat dd xac suét

Ciling c6 mét dang cla dinh ly Bayes cho cac phan bb lién tuc. Do

véi ching, thay cho céc xac suét trong dinh ly Bayes ta dung ham

mat d6 xac suat. Nhw vay ta co cac cong thire twong tw dinh nghia

xac suat diéu kién:


https://vi.wikipedia.org/w/index.php?title=Bi%E1%BA%BFn_c%E1%BB%91_b%C3%B9&action=edit&redlink=1
https://vi.wikipedia.org/w/index.php?title=Ph%C3%A2n_ho%E1%BA%A1ch&action=edit&redlink=1
https://vi.wikipedia.org/w/index.php?title=C%C3%B4ng_th%E1%BB%A9c_x%C3%A1c_su%E1%BA%A5t_%C4%91%E1%BA%A7y_%C4%91%E1%BB%A7&action=edit&redlink=1
https://vi.wikipedia.org/w/index.php?title=C%C3%B4ng_th%E1%BB%A9c_x%C3%A1c_su%E1%BA%A5t_%C4%91%E1%BA%A7y_%C4%91%E1%BB%A7&action=edit&redlink=1

_ fle) f(@)

f(zly)
f(y)
va codng thire twong tw cdng thire xac suat day du:
oty = W) 1@
7o flyla’) f(a') da’

Y nghia cla cac thanh phan trong cac cong thirc trén la f(x, y) la
mat doé phan phdi ctia phan phdi ddng thdi cia cac bién ngu
nhién X va Y, f(x|y) 1a mat d& phan phdi xac suét hau nghiém cla
X v&i didu kign Y=y, fy[x) = L(x]y) 1a (mot ham cda x) ham kha
nang cha X v&i diéu kién Y=y, va f(x) va f(y) 1a cac mat dd phan
phdi clia X va Y tach biét nhau, vai f(x) 1a mat dé phan phdi tién

nghiém cua X.

Diéu kién mé&c dinh trong cac cong thire [a ham f kha vi va cac

tich phan céng thirc ton tai.

ng dung cta dinh ly Bayes thwéng dwa trén mot gia thiét cé tinh
triét hoc Bayesian probability ngam dinh rang dé béat dinh va ky
vong ¢6 thé tinh toan dwoc gibng nhw 1a xac suét. Binh ly Bayes
dwoc dat theo tén cua Reverend Thomas Bayes (1702—1761),
ngudi nghién cleu cach tinh mét phan bd vai tham sé 1a mét phan
bd nhj phan. Ngwdi ban cla éng, Richard Price, chinh stra va gioi
thiéu coéng trinh ndm 1763, sau khi Bayes mét, v&i twa dé An
Essay towards solving a Problem in the Doctrine of Chances.

Pierre-Simon Laplace mé& rong két qua trong bai luan nam 1774.


https://vi.wikipedia.org/w/index.php?title=Bayesian_probability&action=edit&redlink=1
https://vi.wikipedia.org/wiki/Thomas_Bayes
https://vi.wikipedia.org/wiki/1702
https://vi.wikipedia.org/wiki/1761
https://vi.wikipedia.org/w/index.php?title=Ph%C3%A2n_b%E1%BB%91_nh%E1%BB%8B_ph%C3%A2n&action=edit&redlink=1
https://vi.wikipedia.org/w/index.php?title=Ph%C3%A2n_b%E1%BB%91_nh%E1%BB%8B_ph%C3%A2n&action=edit&redlink=1
https://vi.wikipedia.org/w/index.php?title=Richard_Price&action=edit&redlink=1
https://vi.wikipedia.org/wiki/1763
https://vi.wikipedia.org/wiki/Pierre-Simon_Laplace
https://vi.wikipedia.org/wiki/1774

1.3.  Ap dung md hinh mang Bayesian Network (BN)
Mang Bayesian 1a mot md hinh xac suat dé thj s& dung suy dién
Bayesian dé tinh toan xac suat. Muc dich ctia mang Bayesian 1a mé hinh
hoéa cac phu thudc cé diéu kién cia cac bién ngau nhién bang cach biéu
dién cac phu thudc d6 dwdi dang cac canh cla d6 thi. Db thi clia mang
Bayesian biéu dién cac mbi quan hé vé xac suét va ta cé thé st dung cac
quan hé nay dé suy dién va tinh toan cac bién ngiu nhién cta dé thj mot

cach hiéu qua.

1.4. Ly thuyét xac suét
Nhac lai kién thirc vé& xac suat mot chut, ta biét mot phan phdi xac suét
chung clia mét tap cac bién ngau nhién Al, A2, ..., An, ky hiéu la P(A1,
A2, ..., An) duoc tinh bang cong thirc:
P(AL, A2, .., An) = P(AL | A2, ..., An) * P(A2 | A3, ..., An) * ... * P(An)
theo quy téc chudi trong xac suét. Tiép theo, ta cd: Mbi quan hé doc 1ap
c6 diéu kién (conditional independence) gitra 2 bién ngiu nhién A va B
khi c6 mét bién ngau nhién thr 3 14 C, dwoc biéu dién bang cong thirc:
P(A,B|C)=P(A|C)*P(B|C)

Ta ndi, 2 bién ngau nhién A va B doc 1ap véi nhau véi diéu kién bién C
xay ra. Khi ta biét bién C xay ra, nhirng théng tin vé khi nao bién A xay ra
khéng cung cap bét ky théng tin gi vé bién B va nguorc lai. Mot cong thire
khac dé biéu dién quan hé ddc 1ap co diéu kién nhw sau:

P(A|B, C)=P(A| C)
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1.5. Ma

ng Bayesian

- St dung cac mdi quan hé xac suét trong mang Bayesian, ta c6 thé

biéu dién cac phan phdi xac suat chung gitra cac bién ngiu nhién

mot cac trwc quan qua viéc st dung cac mdi quan hé doc 1ap cé

diéu kién. D&oi day la mét vi du cia mang Bayesian:

P(C=T) P(C=F)
0,5 0,5

c |P(R=T) P(R=F)
T 0,8 0,2
/ ¢ =

c |p(s=T) p(s=F)

T| o1 0,9

F| o5 0,5
S R |Pw=T) p(W=F)
T % 0,99 0,01
T F 0,9 01
Y o 0,9 01
F F 0,0 1,0

Hinh 3: mé hinh mang BN

M6t mang Bayesian la mét dé thi ¢ chu ky véi méi nut cda
mang biéu dién mot bién ngdu nhién va mdi canh biéu dién
mdi quan hé phu thudc gitra cac bién. M6t canh (A, B) trong
dd thi biéu dién xac suat P(B | A) va xac suat nay la mot hé
sb trong phan phdi xac suat chung cta cac bién.

Mang Bayesian thda man tinh chat cuc bd ctia Markov (local
Markov): Mét nut trong dd thi 1a doc lap cé diéu kién véi cac

nat khéng phai con ctia nat do khi biét nit cha. O mang trén,
11



ta c6 P(Sprinkler | Cloudy, Rain) = P(Sprinkler | Cloudy) vi
bién ngau nhién Sprinkler déc 1ap co6 diéu kién véi bién ngau
nhién Rain - la nut khdng phai nat con cta Sprinkler khi c6
Cloudy. Tinh chét nay khién viéc tinh toan phan phdi xac
suat chung tr& nén don giadn hon rat nhiéu. Sau khi don gian
hoa, phan phdi xac suat chung dwoc tinh l1a tich cta cac
phan phéi P(X | Cha(X)) nhw sau:

P(X,,...X,)=[]PX,|X,..... X, ) = | P(X, | Parents(X,))

=l i=l
véi Xi la mét bién ngau nhién trong dé thi. V&i nhirtng mang
c6 kich thwéc 1on, tinh chat nay sé giam thiéu chi phi tinh

toan di rat nhiéu.

1.6. Suy dién Bayesian
Suy dién trén mét mang Bayesian c6 thé thuc hién theo 2 dang:

. Tinh toan xac suat chung cho mét mang cua dd thi. Dua
theo cong thirc trén ta co thé tinh toan xac suét nay mot
cach dé& dang dwa vao cac xac suat co diéu kién. Néu chi
quan tam t&i mét vai bién ngdu nhién nhéat dinh, ta can loai
bd nhirng bién khéng quan tam dén.

. Tim xéac suat P(X | E). xac suat xay ra cta (cac) bién ngu
nhién X khi (cac) bién ngdu nhién E xay ra. V&i mang
Bayesian nhuw trén, ta co thé suy dién xac suéat P(Sprinkler,
WetGrass | Cloudy) v&i {Sprinkler, WetGrass} la X con
{Cloudy} 1a E. D& tinh xac suét nay, ta st dung tinh chat
P(X | E) = P(X, E) / P(E) = aP(X, E) v&i a 1a mét hang sb6

chuén hoa. Dé tinh xac suét P(X | E), ta phai tinh xac suét
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chung trén cac bién ngau nhién khéng xuat hién & X va E.

Ta ky hiéu tap bién ngau nhién do 1a Y.

P(ll() = Z P(;l', e, }r)

Yy€E Y

13



1.7. Ung dung
Budc 0: Cai dat ngdn ngir R va céng cu Rstudio va cac packages cho phan
md phdng.

R RGui (64-bit)
File Edit View Misc Packages Windows Help

ESCIAEE
| ~
R version 4.0.0 (2020-04-24) -- "Arbor Day"

Copyright (C) Z0Z0 The R Foundation for Statistical Computing
Platform: x86_ €4-w64-mingw3Z/x64 (€4-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or '"licence()' for distribution details.

R is a collaborative project with many contributors.
Type 'contributors()' for more information and
'citation()' on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start()"' for an HTML browser interface to help.
Type 'q()' to quit R.

>

W
Hinh 4: Giao dién R

14



Agortnm® . O aptesd e post.er Bayes ANOVAR e T Eoweooment Mestory Conections
e . rmpon Dataret
wels  pegrast  pe  ango  ddwme  Wet  destn b Gloval treorment +
" 3ty a

Fles Pt Pacages  Melp  Viewer

" Gpont -
"
Comote —
Hinh 5: Hién thj bé di¥ liéu bang Iénh >view(PE)
@ Rstudio =i X
File Edit Code View Plots Session Build Debug Profile Tools Help
QO - - ”» Go to file/function ~ Addins ~ R Project: (None) ~
Console  Terminal Jobs = Environment  History  Connections = ]
/ “ k77 Import Dataset ~ 3/ List ~
NO
2 2 No No Positive 180  Yes 1 Global Environment ~
No o Data
3No 3 No. No:Negative 197 No O PE 10000 obs. of 7 variables
4 3 No No Negative 192  Yes Functions
No binomial_smooth function (...) =
5 2 No No Negative 281 Yes z =
No Files Plots Packages Help Viewer -]
6 6 No Yes Positive 318 Yes A Zoom | Zexport~ | O | & % Publish ~
No
> binomial_smooth <- function(...) { 1001 *
+ geom_smooth(method = "gIm", method.args = -
Tist(family = "binomial™), 67 =
+ col="black",fi11="go1d",Tinet = pe
ype=2)} £
> . . ® 050 * No
> PE%>%mutate(diag=as.numeric(pe)-1)%% © -
+ ggplot(aes(x=wells,y=diag))+ - * Yes
+ geom_point(aes(col=pe))+ 0.251 — ”~
- binomial_smooth(formula = y ~ x,alpha=0. i
3D+ e =
+ theme_bw() 0.004_* ¢
“geom_smooth() " using formula 'y ~ x' 2 5.0 10.0
> wells

Bwdc 1: Thiét ké ciu tric mang mé hinh

- V&i div liéu hién thoi, rat nhiéu hwéng nghién cru 6 thé dat
ra, v&i cac gia thuyét/cau hdéi khac nhau. Thi du: Ta co thé
dwng mét mé hinh nham tién lwong nguy co thuyén tac phdi
(két qua = bién pe) dwa vao cac thong tin 1am sang (diém
wells, két qua xét nghiém d.dimer, angiography); ta ciing cé
thé nham dén két cuc “t&r vong” clia bénh nhan va khao sat

méi lién hé gitra két cuc nay va chan doan (pe) va chi dinh
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diéu trj (treat);Ciing c6 thé ta mudn khao sat s anh huwéng

cua két qua cac xét nghiém va diém wells v&i quyét dinh

diéu tri clia bac si...

- Tuy nhién, trong bai thwwc hanh hém nay ta sé dat ra mét
cach tiép can van dé toan dién va phirc tap hon, véi muc
tieu/y twong:

e Dwng mé hinh cho phép khao sat duwgc toan bé (mang
lwdi) nhirtng méi lién hé / &nh hwéng kha di gitra cac yéu
t6: Bénh ly (pe), két qud xét nghiém can lam sang
(d.dimer, angio), cdm nhan chd quan (wells), quyét dinh
diéu tri (treat), va két cuc 1am sang (nguy co t& vong) cla
bénh nhan. Két qua mé hinh bao gém chiéu huwéng/kich
thwée cia mdi hiéu tng /lién hé.

e Muc tiéu nay co thé hiéu nhuw: t6i mubdn dung phan tich
thdng ké& dé suy dién nhan/qua: gitra cac yéu td, va toi
mudn k& mét cau chuyén cé y nghia dwa trén dir liéu nay.

e Khac v&i nhirtng phwong phap phan tich mé hinh da bién
quy wdc - von thwong qua cha trong vé thdng ké, thi du
chon loc mé hinh / bién sb6 dwa vao cac chi sb BIC, AIC
(Stepwise) hoac BMA, cac phwong phap rat gon md hinh
nhw Lasso..., trong bai toan nay chung ta sé wu tién xay
dwng mang lwéi twong tac gilra cac yéu té6 mét cach chi
quan, dwa vao kién thirc y hoc, kinh nghiém va quy luat
hop ly khac.

- Ta c6 thé bat dau viéc nay nhu sau:

e Truwdc hét, mang lwdi mé hinh cla ching ta ¢6 7 nat ,
trong d6 2 nut quan trong nhét la Chan doan (pe) va biéu
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tri (treat), nat tan cung la két cuc: séng sét hay tlr vong
(death).

O thoi diém nhap vién, chwa cé xét nghiém nao dwoc
lam, bénh nhan dwoc khai thac bénh si¢ va kham b&i bac
sT, do d6 diém kh&i dau ctia mang lwdi chinh la nat wells.
Nhuw ta biét, Wells la mot thang diém |am sang tién lwong
nguy co thuyén tac phdi, dwa vao cac tiéu chi nhw bénh
st (b4t dong kéo dai, phau thuat, banh Iy tinh mach, diéu
tri ung thw), triéu chirng (dau hiéu huyét khéi tinh mach,
ho ra mau, nhip tim nhanh...). Ta c6 thé néi chan doan
lam sang (pe) phu thudc thang diém Wells, tlr d6 vach ra
lien két dau tién trong mang lwoi: pe | wells. Ta co thé
trinh bay quan hé diéu kién nay bang moét mé hinh logistic
don bién.

Tiép theo, ta xét nut D.dimer nhw bién két qua. C6 thé noi
gia tri d.dimer phu thudc vao tinh trang cé thuyén téc phdi
hay khéng, do d6 c6é quan hé gilra d.dimer va pe; tuy
nhién két qua xét nghiém d.dimer c6 thé bi sai léch khi co
thai (pregnant = Yes, v&i nguy co dwong tinh gia, do do
ca pe va pregnant cung tham gia vao mé hinh tién lwong
d.dimer.

Két qua xét nghiém Angiography chi phu thudéc vao sw
hién dién thuyén tac phdi (pe) hay khéng, nén chi co 1
lién két tr pe dén angio.

Tiép theo, ta xét dén nut: chi dinh diéu tri (treat): Bénh
nhan chi dwoc diéu tri khi co xét nghiém d.dimer va/hoac
angio dwong tinh, xac dinh chan doan; do dé ta cé thé
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dung mét mé hinh logistic khac véi 2 bién 1a angio va
d.dimer.

Cudi cung, nat tdn cung clia mang lwdi la két cuc tir vong
cla bénh nhan, day la két qua clra s twong tac gitra 2
diéu kién: bénh ly thuyén tac phdi (pe) va chi dinh diéu tri
(treat). Thi du: & bénh nhan cé thuyén tac phdi , nguy co
t&r vong c6 thé thap hon néu dwoc diéu tri kip thoi, nguoc
lai nguy co’ t&r vong cao néu khéng duoc diéu tri.

Sau khi phac thdo mang mé hinh trén gidy, Nhi dung
package HydeNet dé thiét k& ciu truc cla mang luvdi mé

hinh va vé so do :
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Hinh 6: Céu tric mang mé hinh
Bwdc 2: Chuyén so dd mang thanh mang mé hinh Bayes
- Duwa vao so do mang mo hinh nhuw trén, ta co thé hinh dung
vé n6 nhu mdt tdp hop 5 mé hinh twong &ng véi 5 nat két
qué: pe, angio, d.dimer, treat va death. Nhw vay néu ta xac
dinh thanh céng 5 md hinh con nay, xem nhw muc tiéu da dat
duwoc.
- Phan tich héi quy véi ham GLM
« M5 hinh cho lién két Wells - PE co dang mot md hinh
logistic don bién, véi gid dinh két qua xac suat PE dwoc

wdce tinh bang phan b binomial, link function 1a ham logit
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wells
term OR LL UL p.value
<chr> <dbl> <dbl> <dbl> <dbl>
(Intercept) 0.02017027 0.01713912 0.0237375 0.000000e+00
wells 1.77837178 1.71825968 18405868 3.693918e-236
2 TOWS

- Mang mé hinh Bayes st dung thw vién brms
. Package brms la mét cong cu rat manh mé, linh hoat cho
phan tich Bayes. M6t trong nhivrng tinh nang ma brms hd
tro 14 dwng mé hinh mang lwéi ciu tric (cé thé goi
phwong phap nay bang nhiéu cai tén: SEM, DAG, Latent
variable analysis hay Bayesian network..., nhwng cach
thwe hién cling nhw nhau). Tinh nang nay c6 ban chét 1a
wée lwong (MCMC sampling) ddng théi cho hang loat md
hinh ndm trong mét mang lwéi ciu trac phic tap. brms

cho phép ap dung priors, family va cong thc riéng biét
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cho méi mé hinh bén trong mang lwdi, do d6 hét strc linh
hoat khi dbi dién v&i cac bai toan phuire tap.
Bwéc 3: Khao sat ndi dung mang mé hinh Bayes
- Trong md phdng nay, d& don gian van dé bang cach chi ap
dung 2 kiu mé hinh: Logistic va Gaussian, va khéng tuy
chinh sau vé priors. Trwdc hét, ta viét cong thirc cho 5 md
hinh theo cu phap brms:
- Ké dén, ta dung ham brm dé& déng goi tat cd mé hinh trong
cung 1 ché d6 ldy mau MCMC: véi 1 chudi, 1000 lwot khdi
dong, 2000 lwot lay mau, sau do rat gon 50%.
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density

BRMS sé compile mé hinh thanh STAN code, sau dé thi

hanh. Tién trinh twong ddi cham, tuy vao ciu hinh cia may

tinh manh hay yéu.
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effect
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Iteration

- Phan phdi hau nghiém cho céac diéu kién/hiéu (rng nay hoan

toan hop ly, va co thé dién giai nhw thwong 1€, thi du: bénh

nhan bj thuyén téc phdi cé ddimer tang trung binh 68 don

vi, nguy co t& vong cao dén 240 l1an. Viéc diéu tri [am giam

nguy co t&r vong vé&i Odds-ratio = 0.14, ...
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Variable
<chr>

b_angio_peYes

b ddimer peYes
b_ddimer_pregnantYes
b death peYes

b _death_treatYes

b _pe wells

b treat angioPositive
b_treat_d.dimer

8 rows

Median
<dbl>

26.6753616
68.3483742
29.3051568
239.7556499
0.1442334
1.7778360
5.6363352

1.0201716

24

sD
<dbl>

1.818773e+00
7.250515e-01
9.874206e-01
3.477132e+01
1.732946e-02
3.082602e-02
3.398282e-01

7.134562e-04

LL
<dbl>

23.4351507
66.9847062
27.3561911
184.3294615
0.1139976
1.7154245
5.0083865

1.0188450

UL
<dbl>

30.5190610
69.7721663
31.1607824
320.6601411
0.1808722
1.8387196
6.3779393

1.0215459



- P& trinh bay néi dung mé hinh mang dwéi dang mét so do

DAG c6 kém Odds-ratio( va hiéu trng ctia méi mé hinh:

/// (\7

== TS i ea

Két qua ctia viéc tmg dung mang mé hinh Bayes (Bayesian Network)
P/S : Khai niém Odds Ratio va Risk(yéu té nguy co)
1- Odds Ratio (OR)

- Nhiéu c6ng trinh nghién ctu lam sang déi chirng ngau
nhién (randomized controlled trial - RCT) thwdng co xu
huéng bao céo két qua qua chi sb RR, nhung ciing c6
khi OR dwoc stiv dung dé mé td anh hwéng ctia mét thuat
diéu tri hay méi lién hé gitra hai yéu t6. Sy lwa chon nay
dan dén hiéu 1dm rang hai chi sb nay gibng nhau, va sw
hiéu 1am xay ra & ngay ca nhirng nha nghién ctu cé kinh
nghiém. Tuy nhién, OR khdong c6 cung y nghia voi RR.
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N6i ngan gon, OR la mét wéc sb cla RR. Trong diéu kién
thn s& mac bénh thip hay rat thap (duoi 1%)
thi OR va RR twong dwong nhau, nhwng khi tan sé méc
bénh cao hon 20% thi OR c6 xu hwéng wéc tinh RR cao
hon thuc té.

2- Khai niém nguy co (risk) va odds

- Trong y khoa, nguy co mac bénh thuc chat 1a xac suét. Xac
suét, nhw chung ta biét, la mot bién sb gitba 0 va 1. Xac suét
thwe chat 1a ti 18, ti s6, va phan tram. Do d6, thuat
nglr RISK trong y khoa cé thé cé nghia Ia xac suét, ti 1& lwu
hanh, hay ti 1é phat sinh.

- Cum twr nguy co, dich tlr chi¥ risk trong tiéng Anh, co6 rét
nhiéu nghta trong y khoa. Can phai phan biét nguy co méc
bénh va bénh. Khi néi dén ung thw, ching ta mudn néi dén
mét sy kiéncho mét ca nhan; nhwng khi néi dén nguy co ung
thw hay cancer risk, ching ta néi dén nguy co xay ra, nguy
co phat sinh cho mét ca nhan hay mét quan thé. Xin nhac
lai, sy kién khac v&inguy co sy kién. Do do, ung thw khac
vOi nguy co ung thw, viung thw la mét sy kién mang tinh
khang dinh (certainty), con nguy co ung thw 1a mot bién sbé
lién tuc mang tinh b4t dinh (uncertainty). Tat ca chang ta
trong bat ct thdi diém nao déu c6 nguy co bi bénh; nhung
cé ngwdi cd nguy co cao, cé ngudi cé nguy co thap.

- Trong tiéng Anh con cé mét chir nika ma cac ngdn nglr khac
nhw Phap, Tay Ban Nha, Dlrc, va ngay ca tiéng Viét ciing

khéng cé: d6 1a chir odds. Néu nguy co bénh nhan mac
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bénh la p, thi c6 mdt cach néi khac rang odds ma bénh nhan
do mac bénh so véi khédng mac bénh.

- Vi du: néu nguy co bé&nh nhan bj ung thw trong vong 5 ndm toi
la 0.10 (trc 10%) thi odds ma bénh nhan bi ung thw 1a 0.1/ (1 -
0.1) = 0.11. Theo dinh nghia nay odds khéng phai la nguy co
hay risk.

3- OR va RR: co’ ché tinh toan

- OR va RR 13 hai chi s6 théng ké rat phd bién va cé ich trong
nghién ctru 1am sang, vi ca hai chi sb kiém dinh méi lién hé
gitra mot yéu td nguy co va bénh tat - mét muc tiéu gan nhw
can ban cla nghién clru y hoc hién dai. Co ché tinh toan
cta hai chi sd nay cuc ki don gian.

- Hay twdéng twong moét cong trinh nghién cliru RCT voi 2
nhém: nhom dwoc diéu tri tich cwc véi mot loai thube
gdbm nl bénh nhan, va mét nhdém ching (placebo)
gdm n2 bénh nhan. Sau mdt thdi gian diéu tri, cé k1 bénh
nhan trong nhém dwoc diéu tri mac bénh, va k2 bénh nhan
trong nhém chirng mac bénh. Nhw vay, ti & mac bénh cua
nhom diéu tri (ki hiéu p1) va nhém chirng (p2) dwoc wédce
tinh nhw sau:

« NéuRR> 1 (hay pl> p2), ching ta cé thé phat biéu
rang yéu t6 nguy co lam tdng kha nang méac bénh;
néuRR = 1 (tlrc 1a p1 = p2 ), ching ta c6 thé noi rang
khéng c6 mbi lién hé nao gitra yéu td nguy co va kha
nadng mac bénh; va néu RR < 1 (t&rc pl < p2), ching ta
c6 bang chirng dé thé phat biéu rang yéu td nguy co cé

thé lam gidm kha ndng mac bénh.
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Tém lai :

- Odd Ratio ctia mét bién cb 1a i sb gitra s6 1an bién cb dé xay

ra va sb 1an bién cb d6 khoéng xay ra.

Cé hai RR va OR déu 1a nhirng chi sé phan anh do twong
quan gilra mot yéu té nguy co va bénh; nhung RR méi 1a chi
sb ching ta can biét (con OR chi l1a wéc sb cha RR). Can
phai xac dinh rang odds khéng phai 1a risk hay nguy co. Do
do, y nghia ctia OR rat kho dién gidi. Day chinh la i do ma
mot sd nha nghién clru doi "tay chai" OR [1,2]. Nhwng vi tinh
nhat quan cta OR so v&i RR nén viéc s&¢ dung OR can phai
dat vao bdi canh nghién ctu [3]. Trong nghién ciru cat
ngang hay nghién ctru theo théi gian, va khi ti 1€ lwvu hanh

hay ti Ié phat sinh bénh cao thi nén tranh str dung OR

Viéc chon OR va RR tuy theo mdé hinh nghién cuu [5-
7]. OR cé thé sir dung cho tit cd cac nghién ctru bénh
chirng (case-control study), cat ngang (cross-sectional
study), nghién ctru theo dbéi bénh nhan theo thoi gian
(prospective study) k& ca nghién clru |1am sang ddi chirng
ngdu nhién (RCT). RR chi c6 thé st dung cho cac nghién
cwru theo ddi bénh nhan theo thdi gian va nghién ctru 1am
sang dbi chirng ngau nhién. DAbi véi cac nghién clru cét
ngang, PRthudng dwoc st dung dé khac phuc nhitng kho
khan trong dién giai OR.

Vé mét tinh toan, khéng cé gi sai khi mét nghién ciu cét
ngang hay theo th&i gian st dung OR. Nhwng can phai hét

strc can than khi dién gidi OR trong cac nghién ctu cét
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ngang, vi OR tuy thudc vao nguy co mac bénh (va khi nguy
co mac bénh cao - nhw trén 10% - thi OR thwong cao hon
so v&i thue té). Do do, cac nghién ctru cat ngang ngay nay
thwdng str dung prevalence ratio.

.  Téng Két.

- chudng ta vira th& nghiém tinh ndng mé hinh cAu truc da bién cla
thw vién brms. Tinh ndng mang lai nhiéu hiéu qua thiét thwc, vi né
cho phép chung ta lai ghép gitra thdng ké Bayes va nhirng phwong
phap mé hinh cAu tric khac nhw SEM, DAG, Latent var. analysis,
network ... v&i tinh linh hoat rat I&n, tham chi hon c& nhirng thw
vién str dung JAGs sampler.

- V& gia tri thuc tién, phwong phap mang mé hinh Bayes (Bayesian
network) mé ra nhiéu (rng dung tiém ndng cho nghién ctru Y hoc
lam sang, vi cho phép chung ta k& mét cau chuyén hip dan va hop
ly v&i di¥ liéu hién co, suy dién nhan qua, bién luan quy trinh dwa
ra quyét dinh chan doan, phac dé diéu tri...bang két qua phan tich
da bién,dwa vao ly thuyét y hoc va tat ca nhirng wu thé ma truwéng

phai Bayes c6 thé mang lai.
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