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Abstract: The rapid emergence of Large Language Models (LLMs) has catalyzed significant
opportunities for digital transformation in healthcare. However, existing chatbot tools remain
constrained by their passive nature and inability to execute complex, multi-step tasks. This paper
provides a comprehensive overview of the paradigm shift from passive Artificial Intelligence (Al)
to Al Agents and ultimately to autonomous Al, a system capable of self-reliance, reasoning, and
using tools to solve problems without constant human intervention. In the field of hospital pharmacy,
Al Agents are driving breakthroughs through proactive supply chain management, autonomous
robotic systems, and, most notably, support for drug information and clinical pharmacy activities.
Advanced frameworks such as TxAgent and Multi-Agent Systems (MAS) have demonstrated
superior performance in optimizing therapeutic regimens, personalizing dosages, and automating
pharmacovigilance workflows compared to standalone models. Despite this potential,
implementation in Vietnam faces critical challenges regarding data standardization, technical
infrastructure, and regulatory frameworks. The paper concludes that while Al Agents will become
indispensable assistants to pharmacists, a strategic investment and structured training approach are
essential to fully realize their potential in clinical settings.

Keywords: Attificial Intelligence, AI Agent, Autonomous Agent, Multi-Agent system, hospital
pharmacy, clinical pharmacy.
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Tém tat: Sy bung nd ciia cic mod hinh ngdn ngit 16n (LLMs) dd md ra nhiéu co hdi cho chuyén doi
) y té, nhung cac cong cu chatbot hién tai van con han ché do tinh thu dong va thiéu kha nang thuc
thi nhiém vu phirc tap. Bai bao nay cung cép céi nhin tong quan vé sy chuyén dich tir tri tué nhan
tao (AI) thu dong sang tic nhan AI (Al Agent) va tién toi tac nhan Al ty chu (Agentic Al), mot hé
thdng c6 kha ning ty chi, lap ludn va str dung cong cu dé giai quyét van dé ma khong can sy can
thi€p lién tuc cta con nguoi. Trong linh vuc dugc bénh vién, Al Agent dang tao ra nhiing dot pha
thong qua cac tmg dung quan 1y cung g thudc chu dong, hé théng robot ty van hanh, va dic biét
14 h tro cac hoat dong dwoc 1am sang, thong tin thude. Cac hé thong tién tién nhu TxAgent hay kién
trac da tac nhan (Multi-Agent systems) di chirg minh kha nang t6i vu hoa phac dd diéu tri, ca thé
hoa liéu dung va tu dong hoa quy trinh canh giac dugc véi do chinh xac cao hon so voi cac mé hinh
don 1é. Tuy nhién, viéc trién khai tai Viét Nam con ddi mat véi thach thic vé chuén hoa dir liéu, ha
tang ky thuat va hanh lang phap 1y. Két luan: AI Agent c6 tiém ning tré thanh cong cu hd tro dic
luc cua duogc si trong twong lai, nhung can mot chién lugc dau tu va dao tao bai ban dé hién thuc
hoa tiém nang nay.

Keywords: Tri tué¢ nhan tao, tac nhan Al, tac nhan ty dong, hé théng da tac nhan, dugc bénh vién,
dugc 1am sang.

1. Gi6i thigu

Trong thép ky qua, qua trinh chuyen doi s6
trong y té da ching kién nhing budc tién vuot
bac nho su bung nd cua Tri tu¢ nhén tao (Al),
dac biét 1a cac mo6 hinh ngdn nglr 16n (LLMs)
nhu GPT-4, Claude hay Gemini [1, 2]. Tuy
nhién, viéc tng dung cac md hinh nay trong thuc
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hanh 1am sang hién tai chii yéu dimg lai & vai tro
la cong cu thu dong (dang "chatbot"), phu thudc
hoan toan vao su diéu khién va ngir canh do con
ngudi cung cap, thiéu kha nang tu chii trong viée
thuc hién cac chudi tac vu phuc tap hodc tuong
tac truc tiép véi cac hé thong dir lidu [3, 4].

Dé giai quyét cac thach thirc phirc tap trong
moi truong thuc hanh tai bénh vién, xu hudng
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cong nghé dang chuyén dich manh mé tir cac Al
thu dong sang cac tac nhan Al (Al Agent) va
tién téi tac nhan Al ty dong hay con goi la
"Agentic AI". Khac vdi cac chatbot truyén théng
chi phan hoi dya trén dit liéu huan luyén tinh, Al
Agent dugc dinh nghia 1a cac hé théng c6 kha
nang nhan thic moi truong, 1ap ludn logic, sir
dung cong cu va thyc hién cac quy trinh lam viéc
da budc c6 co so, ngay ca khi khong duge huin
luyén trén dir liéu thudc mot linh vuc cu thé
nham hoan thanh muc tiéu xac dinh ma khong
can su can thi€p lién tuc cla con nguoi [5, 6]. Su
phat trién nidy mé ra ky nguyén méi noi Al
khong chi 1a cong cu tinh toan ma tré thanh
nhitng déng d6i thyc thy cua doi ngli nhan vién
y té [4].

Trong linh vuc dugc bénh vién ndi chung va
hoat dong dwoc 1am sang néi riéng, nhu cau vé
mot hé théng hd tro thong minh nhu vay 1a vo
cung cdp thiét. Ngudn nhan luc duogc si véi sb
lugng con han ché hién van dang dbi mat véi ap
luc cong viée va nhitng yéu cau khét khe vé an
toan cho ngudi bénh [7]. Sai sot trong van dé sir
dung thudc van 12 mot thach thirc toan cau, gy
anh huéng nghiém trong dén strc khoe bénh nhan
va chi phi y té [8]. Thomason va cong su (2025)
nhan dinh riang tuong lai cia dwoc 1am sang s&
dugc cung c¢b boi su két hop giira cac tac nhan
Al va quy trinh tu dong hoa, gitip duoc si chuyén
dich tir cac nhiém vu thi cong sang vai trd ¢b van
1am sang cao cap, tap trung vao y hoc chinh xéc
va cé thé hod diéu tri [9].

Kha nang tng dung ctia AI Agent trong dugc
lam sang budc dau da dugc ching minh qua
nhiéu nghién ctru cu thé. Gao va cong su (2025)
da phat trién TxAgent, mot tac nhan Al c6 kha
nang 1ap luén da budc tich hop cac cong cu y
sinh theo thoi gian thyuc dé giai quyet céc van dé
trong diéu tri chinh xéc, tir d6 dé xuat phac d6 ca
thé hoa [10]. Trong mang phat trién thudc va mo
hinh hoa, Saini va cdng su (2024) gidi thiéu nén
tang QSP-Copilot - tuy dong hoa, tiéu chuan hoa
va huéng dan thong minh timg budc, giup rut
ngan thoi gian xdy dung ciac mo hinh duoc ly
dinh luong tir hang thang xudng con vai ngay
[11]. Bén canh d6, hiéu qua véan hanh bénh vién
ciing duoc nang cao 13 rét véi cac hé thong nhu

AMREC gitp tu dong hoa doi chiéu thude [12]
hay hé thong da tac nhan (Multi- -Agent System)
giup t6i wu Iya chon cac chi dinh diéu tri trong
hd so bénh an dién tir [13]. Pic biét, cac hé thong
da tac nhan con mé ra co hoi giam thiéu thién
kién nhan thirc théng qua co ché tranh luan va
phén bién gilra cac tac nhan ao, gitp cai thién do
tin cdy cta cac quyét dinh 1am sang [5, 14, 15].

Mic du tiém nang 1a rat 16n, viée tich hop Al
Agent vao quy trinh dugc bénh vién van dang &
giai doan so khai va d6i mit v6i nhiéu thach thirc
vé ky thuét, dao dirc va quy trinh trién khai [16].
Hién nay, cac tai liéu tong quan hé thong vé chu
dé nay con kha han ché. Do do, bai téng quan
nay duoc thue hién nham muc dich cung cp mot
cai nhin téng quat v& su trdi diy cua Al Agent,
phan tich cac co hoi ung dung cu thé trong dugc
bénh vién va hoat dong dugc 1am sang, déng thoti
thao luén vé nhitng thach thic va xu huéng phat
trién trong tuong lai ctia viéc mg dung cong
nghé nay.

2. CAu tric hoat dong ciia AI Agent

Al Agent (tac nhan Al) duoc dinh nghia la
mot hé théng tu chu, dugc thiét ké dé thuce thi cac
nhiém vu huéng muc tiéu trong moi truong sb
xac dinh. Khac véi cac md hinh ngdn nglr 16n
truyén théng thudng van hanh theo co ché thu
dong va phan ung, Al Agent 1a mét thuc thé chu
dong dugc xdy dung trén 161 LLM nhung mé
rong dang ké vé nang luc hanh dong theo quy
trinh [17].

Trong linh vuc y té, Al Agent c6 kha ning
nhén thuc méi trudng lam sang phuc tap, dua ra
cac quyét dinh doc 1ap dua trén y hoc thuc chung
va thuc thi chudi hanh dong lién tiép nham dat
duoc muc ti€u cham séc bénh nhan. Thay vi yéu
cau can thiép thii cong & timg bude, cac tac nhan
nay co thé ty diéu hudng quy trinh lam viéc, tir
d6 ho tro tdi wu hoa hiéu suit cho béc si va duoc
sT1am sang ma van dam bao tinh nhét quéan trong
cac quyet dinh diéu tri [16].

Ve mat kién trac, mét Al Agent dién hinh
bao gdm 05 thanh phan cdt 161, giup phén biét véi
cac mo hinh ngdn ngit tiéu chuan [17] (Hinh 1):
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- M6 hinh nén tang: Déng vai tro 1a 18i trung
tam cua Al Agent, chiu trach nhi€ém xur Iy cac cau
hoi hay yéu cau ciu trac phirc tap, c6 kha ning
hiéu ngoén ngit ty nhién trong tai lidu chuyén
mon, xu ly thong tin da phuong thitc nhu hinh
anh chan doan hoc, két qua xét nghiém va hd so
bénh an.

- Hé théng bo nhé: Bao gdm bd nhé ngin
han dé duy tri ngit canh va bd nhé dai han dé tich
lily kinh nghiém tur cac ca 1am sang trude do, cho
phép tac nhan hoc hoi theo thoi gian va ghi nho
cac tuong tac trudc do6, xay dung co so tri thirc
theo thoi gian thay vi xtr Iy cac truy van biét 1ap.

- Mé-dun 1ap ké hoach: C6 kha ning phan
chia cac muyc tiéu 14m sang phuc tap, ching han
t6i wu hoa phac do diéu tri cho bénh nhan dong
méc thanh cac chudi nhiém vu ¢6 thir tu logic,
dit liéu va diéu chinh ké hoach theo dién bién
thuc té.

- Kha nang sir dung cong cu: Cac tac nhan
duoc két ndi an toan véi cac nguén dir liéu bén
ngoai, nhu co s¢ dir li€u tuong tac thudc, hé
théng hd so bénh an dién tu, phén mém du bao
ndng do thude, hodc tai liéu hudng dan thuc hanh
lam sang cdp nhat, nhim khéc phuc han ché vé
kién thirc tinh va dit liéu thoi gian thyc cla cac
mo hinh ngdn ngir 16n.

- Kha nang hanh dong doc lap: Thé hién &
kha ning tac dong truc tiép vao quy trinh 1am
sang, vi du tu dong dé xuat diéu chinh lidu lugng
dua trén chirc nang than, canh bdo sém phan tng

bat loi thudc, ty dong dién thong tin vao biéu
mau giam sat thuc hanh dugce 1am sang, hoic
phdi hop vai cac hé thong khac dé khoi tao don
thubc dién tir, tat ca déu tuan thu nghiém ngét
cac quy dinh bao mat.

Thuat ngir “Agentic AI” dai dién cho mot
budc tién chién lugce tir cic md hinh AI phan tmg
don 1¢ sang hé théng da tac nhan ti chu (Multi-
Agent Systems - MAS) [18]. Khac véi cac mo
hinh ngdn ngir 16n truyen thng von hoat dong
dwa trén cac truy van tinh, Agentic Al cau thanh
tir mot mang ludi cac tic nhan chuyén biét, phdi
hop théng qua mot 16p diéu phdi dé giai quyét
cac tac vu y té co do phurc tap cao. M6 hinh nay
van hanh tuong tu mdt ddi ngli cham soc da
chuyén khoa ky thuét sb: trong khi cac tac nhan
16p dudi tap trung vao cac nhiém vu nhu giam
sat dir liéu thoi gian thuc (déu hiéu sinh ton, xét
nghiém), cc tac nhan cip cao hon dong thdi phan
tich hd so bénh an va kiém soét tuong tac thude.

St phéi hop da ludng nay cho phép hé thong
trién khai cac quy trinh suy luan lap lai va co ché
kiém tra chéo gitra cac tic nhan. Co ché nay dic
biét quan trong trong viéc giam ti 1€ "do giac"
ctia Al va giam thiéu sai sot 1am sang xudng murc
thép nhét. Thay vi van hanh thu dong, mang Iudi
Agentic Al thé hién tinh chu dong tu lya chon
cong cu phu hop, tong hop tri thirc da ngudn va
dé xuat cac can thiép kip thoi. DAy chinh 1a chia
khoa dé dam bao tinh nhat quan, an toan va ca
thé hoa trong moi trudng 1am sang thuyc té.

YEU CAU LAM SANG /
DU LIEU BENH AN
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Hinh 1. C4u tao co ban cia mot Al Agent.
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Trong cac nghién ctu y dugc va phan tich
téng quan hé thong gan day, mot dinh nghia chit
ché v& "Agentic AI" da dugc dé xuat nhiam chuin
héa thuét ngir, dac biét khi ap dung vao moi
truong 14m sang da tac nhan. Theo dé, dé duoc
cong nhan la mot hé théng Agentic Al thyc thy
trong y té, hé thong can thoa man ddng thoi cac
tiéu chi ning luc cdt 13i sau [18] (Hinh 2):

- Quy trinh suy lun l3p lai: La yéu té bét
budc, cho phép tac tlr tu phan anh, danh gia lai
gia thuyét ban dau va diéu chinh lién tuc dya trén
thong tin m&i nhiam dam bao quyét dinh 1am sang
luén dua trén bang chimg cap nhét va giam thiéu
16i chan doan.

- Kha nang lya chon va sir dung cong cu:
Trong d6 hé théng tu danh gia va kich hoat cac
cong cu phu hop nhét trong timg budc, ching
han nhu chon tra ciru co s dir liéu tuong tac

thudc, mé hinh du doan duge dong hoc, hodc hé¢
thdng hinh anh hoc dé hd tro ra quyét dinh ma
khong can hudéng din thu cong.

He¢ thong phdi hop da tac nhan: M6 hinh két
hop nhiéu tac nhan Al dang duoc coi 1a mat ti€u
chi quan trong, tham chi la bét budc, trong nhiéu
nglt canh y khoa hién dai. Cac tac nhan chuyén
biét hoa, vi du nhu tac nhan chan doan bénh ly,
tac nhan danh gia tuong tic va phan tmg bét loi
ctia thudc, tac nhan phan bién chuyén tim kiém
16 hong trong lap ludn, hodc tic nhan giam sat
dao dirc va an toan s& phdi hop chit chd theo cac
giao thirc giao tiép chuan hoa. Cach tiép can nay
tai hién quy trinh hoi chan da chuyén khoa thuc
té, tir 46 giam thiéu t6i da cac sai 1éch nhén thirc
c4 nhén, ting cudng do tin cdy va nang cao chat
lwong quyét dinh 14m sang trong cac trudng hop
phtc tap.

DU LIEU LAM SANG & YEU CAU CHAN DOAN ]
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Hinh 2. Hé théng da tac nhan trong bénh vién.

Trong linh vuc y dugc va dugc 1am sang, Al
Agent dai dién cho don vi cAu triic co ban véi
kha nang tu chu va st dung cong cu hi¢u qua,
trong khi Agentic Al la khai niém bao quat hon,
nhan manh tinh chat chu dong, kha nang suy luan
lap lai phure tap va su ph01 hop da tac nhén chat
ché nham giai quyet céc van dé ma cac mo hinh
don 1¢ khong thé dam bao do chinh xac va an
toan can thiét, mo ra tiém niang cach mang hoa
quy trinh cham séc strc khoe trong tuong lai.

Su khéc biét 16n nhét ciia Al Agent thuan tay
va hé thong Agentic Al nam & kha ning hanh

dong va vai tro ciia nguoi ding ddi voi ludng dir
liéu. Trong khi cic cong cu Al va mot sd Al
Agent don gian hoat dong theo co ché phan tng
thu dong, tirc 1a doi chi thi cia con ngudi mdt
cach thu dong thi h¢ théng Agentic Al dugc mo
ta voi kha nang chu dong vuot trdi hon [4]. Cac
hé thong Agentic Al ¢6 kha nang tu dong giam
sat cac luong dir liéu, chu dong phat hién cac bat
thuong va dé& xuat giai phap ma khong can tiép
nhan cau hdi/truy van tr nguoi dung, c6 kha
nang duy tri bdi canh va tri nhd dai han qua cac
tuong tac phirc tap [4]. Su chuyén dich nay dénh
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dau bude tién tir viée st dung Al nhu mét cong
cu tinh toan tinh vi sang vai trd ciia mot trg ly
trong y hoc, ¢6 kha nang tham gia vao cac quy
trinh ra quyét dinh va tu giam sat hiéu suat dé
giam thiéu sai sot [4]. Tuy nhién, can luu ¥ ring
su phuc tap cua Agentic Al khong phai lic nao
cling mang lai hi€u qua vugt trdi trong moi tinh
hudng. Cac nghién ciru thyc nghiém chi ra ring
ddi voi cac nhiém vu cu thé, doc lap va can tinh

chinh xac cao, cac hé théng Al Agent don 1é
thuong dat hiéu suét t6i wu hon va it rii ro hon
s0 v6i cac hé thong da tic nhan phire tap, von dé
gip van dé vé chi phi va sy khong dong nhat
trong giao tiép [18]. Do @06, viéc lya chon giita
trién khai mot Al Agent hay xdy dyng mot hé
théng Agentic Al phy thudc chat ché vao do
phtc tap ctia nhiém vu va yéu cAu vé su hop tac
lién nganh trong bai toan cu thé [18] (Bang 1).

Bang 1. So sanh Al Agent va Agentic Al

hoach va sur dung cong cu [18].

Tiéu chi .
so sanh Al Agent Agentic Al
La mot thyc thé c6 cau trac cu thé, hoat dong | La mot hé sinh thai hodc mo hinh hoat dong cap
, 4 nhu mot don vi van hanh doc 1ap. Pay 1a mot | cao hon. Pinh nghia hoc thuat chat ché yéu cau
Ban chat < | S ORI A A S N i I
. ~ | LLM duogc ting cuong kha nang suy ludn va st | hé thong nay bat budc phai co6 sy phoi hop da
dinh nghia N 2 1 \ 1A . . A SR o Lo SN
dung cong cu dé hoan thanh mgt nhiém vu xac | tac nhan dé giai quyet van de.
dinh [6, 18].

. Can t0i thi€u 2 trong 3 néng luc: i) Suy luén ldp | Bat buge phai bao gom nang lyc hop tac da tac
Yéucau | lai; ii) Lya chon cong cu; iii) Hop tac da tac | nhan két hop véi quy trinh suy ludn Idp lai. N6
nang luc | nhan. Thong thuong Al Agent &m chi m6 hinh | m6 phdng quy trinh lam viéc nhoém (teaming)

tap trung vao i) va ii) [18]. cua con nguoi [19].
Kién tric Kién trac tap trung: Mot m6 hinh ngén ngir 16n | Kién tric phan tan/phoi hop: Bao gdbm nhicu
he th éng duy nhat chiu trach nhiém nhén thtrc, 1dp ké | tdc nhan chuyén biét va mét hé thong di€u phoi

dé quan 1y giao tiép va ddng thuan chat ch& [18].

Co ché van

Phan tmg thy dong: Thuong doi 1énh/truy véan
cu the tir nguoi dung dé kich hoat chuoi hanh
dong tuyen tinh [4, 18].

Phan g chu dong: C6 kha nang tu giam sat
luong dir li¢u, phat hién van d€ va dé xuat giai
phap ma khong can kich hoat lién tuc. Pong vai

hanh tro nhu mot "déng doi" thay vi cong cu thu
dong [4, 20].

Phu hop nhat cho cac nhiém vu rdi rac, c6 thé | Danh cho cac bai toan phtrc tap doi hoi kha

Phamvi | kiém tra dugc nhu tao bao cdo y té, trich xuat | ning tong hop da chiéu, giam thiéu thién kién

tmg dung | dir liéu, hoic tinh toan chi phi y khoa [18]. nhan thire, vi du: hoi chan bénh hiém, thiét ké

thudc mai, hodc 1ap ké hoach diéu tri [18].

Hiéu suat

Hiéu qua cao cho tic vu don 1é: Pat murc cai
thién trung binh +53% so véi LLM co so trong

Loi ich giam dan theo quy mé: Hiéu sut t6i wu
thuong dat dugc vai nhom 4-5 tac nhan. Chi phi

te

tri [10]. )
Medic: tac nhan ra soat don thuoc [21].

va chiphi | cac tic vu sir dung cong cu. Chi phi tinh toan | tinh toan va do tré cao hon do quy trinh giao tiép
thip hon va do tré thip hon [18] phirc tap giita cac tic nhan [18].
TxAgent: Mot tac nhan don 1& st dung 211 | LITERAS: Hé thong da tac nhan dé viét tong
Vi du thuc | cong cu dé suy luan va dua ra quyét dinh diéu quan bai bao khoa hoc [19].

Agent Hospital: M6 phong hé thong bénh vién
véi cac tac nhan bac si va y ta [20].

3. Ung dung AI Agent trong hoat déng dwgc
bénh vién

3.1. Hoat dong quan ly duoc

Quan ly dugc bénh vién 1a xuong song dam
bao tinh san c6 cta thudc va an toan cho nguoi

bénh. Cac phuong phap quan 1y truyén théng
thuong dua vao cac mé hinh tinh va phu thudc
16n vao kinh nghiém chu quan cua duoc si, dan
dén rui ro thiéu hut chudi cung tmg hoic lang phi
thudc do hét han [22]. Tuy nhién, su tich hop cua
tri tu€ nhén tao va cac quy trinh lam viéc dua trén
tac nhan tu dong (Agentic Workflows) dang thay
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d6i can ban cach thic quan 1y dugc pham,
chuyén dich tir cac mo hinh thdng ké thy dong
sang cac hé théng du bao chu dong, tu dong hoa
cao va ra quyét dinh dua trén dit lidu theo thoi
gian thyc [23]. Su vuot trdi cua Al so vdi cac
phuong phap cii khéng chi nim & 1y thuyét ma
dd dugc ching minh qua cac két qua van hanh
thuc té.

3.1.1. Quan 1y cung vmg thuoc théng minh

Su phat trién cta cong nghé du béo trong
quan ly thudc da trai qua nhirng budce tién rd rét.
Trude ddy, cac phan mém quan 1y kho thudng
dwa vao cac mo hinh théng ké truyén thong. Tuy
nhién, cac phuong phap nay thuong boc 16 han
ché 16n khi d6i mat Vi sy bién dong phuce tap
cua thi truong va cac yéu to phi tuyén tinh, din
dén sai s6 cao khi ¢6 cac bién dong dot ngdt vé
nhu ciu [24]. Viéc 4p dung cac mé hinh hoc may
két hop vé6i nhiéu thudt toan tién tién nhu
Random Forest, Gradient Boosting Machines
(GBM), va mang no-ron LSTM (Long Short-
Term Memory) cho phép hé thdng phén tich
chudi dit liéu thoi gian da chiéu, tich hop céac
bién s6 ngoai canh nhu mo hinh bénh tat theo
mua, dir liéu nhap vién, thong tin dich t& hoc va
chi s6 kinh t& x4 hoi, giup giam sai s6 du bao
(MAPE) xudng mure thép hon déng ké so v&i cac
phuong phap truyen thdng [24]. Tuy nhién, budc
tién dot pha nhat trong hoat dong nay la su
chuyén dich sang quy trinh lam viéc dua trén tac
nhan khac v6i cac mo hinh Al thu dong chi dua
ra con s6 du bdo, Al Agent dong vai trd nhu mot
nha quén 1y 4o cht dong. Trong mo6 hinh nay, cic
tac nhan chuyén biét (nhu tc nhan lap ké hoach,
tac nhan nhiém vu) phdi hop véi nhau dé tu dong
hda toan bg quy trinh: tir thu thép dir li€u, chay
mo phong, dén dé xuat quyét dinh, gitp con
nguoi tap trung vao hoat dong gidm sat thay vi
xtr Iy dir liéu tho [25]. Nghién ctru cua Nuta va
cong su (2025) chi ra r::ing cac hé théng du bao
dwa trén Al khong chi tiét kiém thoi gian va cong
sirc ciia con ngudi ma con c6 thé giam sai sé du
béo tir 20-30% so v&i phurong phap truyén théng
va ngin chan tinh trang thiéu hut véc-xin hay
thudc thiét yéu dot ngot trong cac giai doan cao
diém [26, 27]. M6 rong hon vé ing dung thuc té,
cac hé théng quan 1y t6n kho tich hop Al hién dai

(phin mém LEAFIO) c6 thé tu dong hoa quy
trinh bd sung hang. Viéc giam sat mirc ton kho
theo thoi gian thuc cho phép ty dong tao don dit
hang khi luong hang giam xudng dudi ngudng
da thiét 1ap. Dong thoi, hé théng nay hd trg theo
do6i han stir dung, canh bao dugc si vé cac thude
sdp hét han dé c6 phuwong an xtr 1y kip thoi, giup
giam thiéu t6i da kha ning lang phi [28].

3.1.2. T6i wu héa quy trinh cdp phat

Trong quy trinh cap phat su nang cap cla
mo hinh Al thé hién qua viéc chuyen tir cac cong
cu hd trg don gian sang cac hé thong robot tu
hanh va thuft toan giam sat theo thoi gian thyc.

Sai sot trong cap phat thubc 1a mot trong
nhiing nguyén nhén hang dau gy ra sy cO y
khoa, va Al Agent dang giai quyét van dé nay
thong qua cac hé thong robot dugc pham tu dong
(nhu Fred AID hay Medimat). Hé théng nay cho
phép xéac dinh va dinh vi hang nghin loai thudc
khac nhau véi toc d6 cao, gitip giam tai cac tac
vu lap lai dé duoc si tap trung vao cham soc bénh
nhan [28]. Ddng thoi, quy trinh kiém soat an toan
cling dugc nang cip boi cac Al Agent gidm sat
(nhu MedAware). Thay vi chi kiém tra thu dong,
cac thuat toan nay phan tich dir liéu ké don trong
thoi gian thuc, phat hién cac bat thuong vé lidu
luong hodc tuong tac thude ma con nguoi c6 thé
bo sot, tr d6 dua ra canh bao kip thoi cho dugce
s trude khi thude dén tay nguoi bénh [28]. Su 6n
dinh cia cac hé théng cong nghé nay 1a yéu t6
quan trong, vi bat ky su gian doan nao trong
ludng thong tin ciia cac tac nhan nay déu co thé
anh huong tryc tiép dén hiéu qua va an toan cho
nguoi bénh [27].

3.2. Hogt dong duoc ldm sang

Maic du cac mo hinh tri tué nhan tao dua trén
ngoén ngir 16n (LLMs) cho thiy tiém ning trong
viéc truy xuét kién thirc y khoa, chung van gip
han ché vé d6 chinh xac khi xir Iy cac tinh hudng
lam sang phirc tap va nguy co “ao giac” thong tin
[5, 14]. Sy chuyen dich sang hé théng Al da tac
nhan danh dau mét ky nguyén moi trong tng
dung cong nghé vao dugc lam sang. Khong chi
don thuén 12 cong cu tra ciru, cac Al Agent hién
nay hoat dong nhu nhiing cdng su 4o c¢6 kha nang
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suy ludn, tranh ludn, sr dung cong cu va tu kiém
chimg. Mic du van can sy gidm sat cia con
nguoi dé dam bao tinh an toan, nhung kha ning
ctia cic hé théng nay trong viéc xur ly dir liéu
phuc tap, glam thiéu sai sot va tdi wu hoa quy
trinh 1am viéc 12 khong thé pha nhan. Cac nghién
ctru gan ddy cho thiy xu hudng tich hop nhiéu
tac nhan Al vao mot hé thong di giup khic phuc
cac nhuge diém trén. Thay vi dya vao mdt cau
tra 10i duy nhét, phuong phap ICE (Iterative
Consensus Ensemble) cho phép cac mo hinh
khac nhau ty tranh Iuan, phan bién va tinh chinh
cau tra 101 cia nhau, giap cai thié€n d chinh xac
trong suy luan y khoa 1én dén 27% so véi cac méd
hinh don 1¢ [5]. Tuong tu, m6 hinh Multi-Agent
Conversation (MAC) mo6 phong quy trinh hoi
chan da chuyén khoa, noi cic tic nhan dong vai
trd nhu béc si va giam sat vién cung thao luan dé
dua ra chan doan chinh xac hon cho cac bénh
hiém gap [15].

3.2.1. Ho tro ra quyét dinh lam sing va
thong tin thuoc

Trong thyc hanh dugc lam sang, vai tro cuia
Al Agent khong chi dung lai ¢ viéc cung cép
thong tin thubc ma di tién t6i kha ning tdi wu
hoa quyét dinh 14m sang.

Mot budc tién quan trong 1a kha ning ciia cac
Al Agent trong viéc str dung cong cu dé truy xuat
dit liéu thuc thay vi chi dya vao dir liéu huén
luyén tinh. Hé thong TxAgent 1a mot vi du dién
hinh, tich hop 211 cong cu y sinh dé tra ciru
tuong tac thude, chdng chi dinh va thong tin tir
FDA theo thoi gian thuc. Hé thong nay c6 thé
phat hién cac chéng chi dinh dua trén bénh mic
kém (vi du: phat hién thudc diéu tri ting huyét
ap bi chdng chi dinh ¢ bénh nhan block nhi that)
hoic twong tac thudc - thude phirc tap qua co ché
enzym (nhu tuong tac gitra Prozac va Xolremdi
qua CYP2D6), dong thoi dwa ra cac lap luan
minh bach cho céc canh bao. TxAgent c6 kha
ning thyc hién quy trinh suy luan nhiéu budc dé
dua ra cac khuyén nghi diéu tri chinh xac cho
ting bénh nhan cu thé, vuot troi hon ca GPT-4
trong cac tac vu suy luan [10]. Ngoai viéc hd trg
tryc tiép trén bénh nhan, cac Al Agent con dong
vai trd quan trong trong viéc quan 1y hé thong y
té. Viéc ra soat va cap nhat cac y 1é€nh trong hd

so bénh an dién tir 1a mgt cong viéc ton kém thoi
gian cua dugc si va bac si. H¢ théng da tac nhan
bao gom cac Agent chuyén biét (phé binh noi
dung, tim kiém y vian) da chimg minh kha ning
tu dong hoa quy trinh ndy, dwa ra cac dé xudt tdi
vu héa hiru ich va phii hop véi bang ching 1am
sang mai nhat [13].

Bén canh d0, nghién ctru cia Ke va cong su
(2024) da chimg minh rang viéc tich hop hé
thdng da tac nhan c6 kha ning thao luan gitp cai
thién déng ké do chinh xac chan doan. Két qua
cho thiy su cai thién do chinh xac tir 0% 1én 76%
sau khi thao luén trong m6 hinh Framework 4-C
(Multi-Agent). Biéu nay chimg minh rang tri tué
tap thé cta cac Al Agent khi twrong tac voi nhau
vuot xa kha ning ciia mot truy van don 1é cua
nguoi dung. Cac tac nhan Al dong vai tro nhu
ngudi phan bién hodc chuyén gia giam sat, co thé
gitip nhan dién va sira chira cac sai sot xuat phat
tur cac sai 1éch nhén thic ctia nhan vién y té. Cu
thé, hé théng AI da tic nhan dat do chinh xéac
chén doan cudi cung cao hon dang ké so véi cac
bac si tham gia thu nghiém (76% so voi 48%;
OR 3,49; p=0,002). Biéu nay cho thiy tiém ning
ung dung Al da tac nhan nhu mot nhom chuyén
gia doc 1ap va khach quan dé gitip giam thiéu cac
sai s6t y khoa do yéu t6 con nguoi trong céc tinh
hudng 1am sang phuec tap [14].

Trong bdi canh chuyen do6i sb y té dang dién
ra manh mg, viéc trién khai cac Al Agent két hop
v6i co s¢ dir liéu chuyén biét tai cac bénh vién
da mo ra mot hudng di mdi trong cong tac thong
tin thudc nham hd tro ra quyét dinh lam sang. Tai
Viét Nam, dién hinh cho xu huéng nay 1a hé
thdng DeepMedSP-Al (Hinh 3), mét cong cu
chatbot tién tién duogc phat trién boi nhém nghién
ctru tai Bénh vién Pa khoa Xanh Pén. Cong cu
nay ung dung ky thudt RAG (Retrieval-
Augmented Generation) nham giai quyét bai
toan tra curu thong tin thudc mot cach chinh xéc,
khach quan va tg chu. Khac véi cac mé hinh
ngdn ngir 16n thong thuong vén dé giap hién
tugng 'ao giac' tri thirc, DeepMedSP-Al véan
hanh dua trén co ché truy xuat dir lidu truc tiép
tur nguén tai liéu chuan hoa ndi bo 1a cudn sach
“Cam Nang Khang Sinh” da duoc ban hanh tai
bénh vién nam 2025. Thong qua vi¢c ma hoa dir
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liéu chuyén mon thanh co so dir li€u, hé théng
cho phép nhan vién y té dit cau hoi bang ngdn
ngtlt ty nhién va nhan vé céc phan hdi ¢6 do tin
cdy cao, bam sat phac dd diéu tri dac thu coa
bénh vién. Cu thé, cong cu chatbot hd tro déc luc
trong viéc trich xudt tirc thoi cac théng tin quan
trong nhu lya chon khang sinh t8i wu theo vi tri
nhiém khuén, huéng dan hiéu chinh lidu lwong
cho cac nhom dbi tuong bénh nhan dac biét va

BENH VIEN DA KHOA XANH PON

DeepMedSP-Al: TRO LY SU'DUNG KHANG SINH

cac luu y lam sang quan trong. Cong cu nay
khong chi gitip giam thiéu ap lyc tra ctru tai liéu
tht cong cho bac si va dugc si 1am sang ma con
g6p phan chudn héa quy trinh diéu tri tai givong
bénh, tir 46 nang cao tinh an toan, hi¢u qua trong
quan 1y khang sinh va han ché t6i da cac sai sot
tiém tang trong qué trinh ké don ciia cac nhan
vién y t& d3 va dang lam viéc tai bénh vién.

ONLINE

HO trg chuyén mon 24/7 - Cap nhéat phac do diéu tri méi nhat 2025

TROQ LY KHANG SINH - BV XANH PON

(DTQG 2022, IDSA....).

Em c6 thé giap anh/chi:
« Tra cru phac d6 khéang sinh theo nhiém khuén

« Tim ki€m nhanh céc théng tin trong sach
+ Khang sinh du phong phéau thuat

- Tai liéu hudng dan mai nhat 2025

Anh/chi cén tim théng tin gi a?

« Gidi thiéu cudn sach s6 cd@m nang khang sinh cta bénh vién

Chao bac si/ dugc si! Em la trg ly Al chuyén hé tro tra ciru Cam nang st dung khang sinh chinh thic
cua Bénh vién Da khoa Xanh P6n va cac tai liéu chuyén mon sir dung khang sinh cta céc hiép hoi uy tin

Hinh 3. Giao dién cong cu DeepMedSP-Al: Tro 1y st dung khang sinh.

3.2.2. Cd thé héa diéu tri

Al Agent hoat dong dugc vi nhu mét chuyén
gia lam sang, st dung dir liéu gen dugc
(pharmacogenomics) va dic diém dugc dong
hoc dé tinh toan liéu dung ti wru. Cac nghién ctru
da minh chimg kha ning cia Al trong viéc diéu
chinh liéu cho cac ddi twong dic biét nhu nguoi

cao tudi (vi du: khuyén nghi giam liéu Cobenfy
(Xanomeline va Trospium chloride) dé tranh
nguy co bi tiéu & bénh nhén trén 70 tudi) hodc
lua chon thudc dua trén hd so dot bién gen cu thé
(vi du: chon thudc khong chura steroid cho bénh
nhi loan dudng co Duchenne) [10]. Ngoai ra, cac
nén tang hd trg nhu QSP-Copilot str dung Al
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Agent dé tu dong hoa viéc khai thac tai lidu va
xay dung mo hinh toan hoc cho phép dugc si xay
dung nhanh cac m6 hinh duoc ly (Quantitative
Systems Pharmacology) dé mé phong co ché
bénh va du doan dap ung thuéc cho timg ca thé,
rit ngin th01 gian phét trién mé hinh tir hang
thang xubng con vai ngdy, déng thoi dam bao
tinh minh bach va kha ning thiét 1ap cua cac
nghién ctru dugc 1y 1am sang [11].

3.2.3. Hoat dong canh giac duoc

Hién nay, hoat dong canh giac dugc toan ciu
van dya chi yéu vao hé thong bao cdo tu nguyén.
Tuy nhién, phuong phép nay dang boc 16 nhiéu
han ché nghiém trong do phu thudc vao quy trinh
thi cong ton thoi gian, dir 1iéu roi rac va sy chdm
tré trong viéc phat hién tin hiéu an toan thudc
[29] Thyc té cho théy ty 1& bdo cdo tai cac qudc
gia con rat thap, dan den nguy co bd soét lugng
16n dit liéu quan trong vé an toan thudc [30]. Cac
nghién ctru thuc nghiém da chi ra khoang tréng
dit liu khéng 16. Cu thé, nghién ciu cia
Augustino M. cho thdy trong s6 107 bién cb bat
loi caa thudc (ADEs) dugc x4c dinh qua ra soat
hé s0, chi c6 3 trudng hop (2, 8%) dugc bao cao
qua hé théng tu nguyén [3 1]. Dé giai quyét tinh
trang cac phuong phap truyén thong thuong bo
sot thong tin do phu thudc vao bao céo thu dong,
viéc ung dung cong nghé khai pha dir li¢u va xu
Iy ngon nglr tu nhién da dugc chirng minh la
phuong phdp hiéu qua. Phuong phap nay cho
phép tu dong phat hién chinh xac cac phan tng
c6 hai (ADR) tir ndi dung do nguoi dung tao ra,
gitip mang lai ci nhin toan dién hon vé an toan
thudc va nhan dién duoc ca nhiing ADR méi ma
hé théng cii chua ghi nhan [32].

Su tién bo dang ké nhét trong linh vuc nay 1a
su chuyén dich sang cac hé thong Agentic Al,
noi cac tac nhan ty chi cong tac dé tao ra quy
trinh giam sat thudc khép kin va lién tuc [29].
Nbi bat 1a kién triic da tac nhan nhu hé thdng
MALADE, st dung ky thuat RAG (Retrieval-
Augmented Generation) khac phuc nhuoc diém
do giac cua cac mo hinh ngén ngli 16n (LLM),
cho phép trich xuét chinh xac thong tin ADE tir
dir liéu nhan thudc ciia FDA thong qua su phdi
hop gitta céc tac nhan tim kiém, tac nhan phan
tich va tac nhan phé binh. Trong kién trac nay,

co ché tuong tac Agent-Critic (Tac nhan thyc thi
- Téc nhan phé binh) dong vai tro then chdt giup
kiém chimg suy luan y khoa, dam bao tinh chinh
X4c va cung cap cac bang chimg minh bach cho
céc két luan vé nguy co lién quan dén thude [33].
Thuc té, Al Agent dang thay d6i phuong
thirc van hanh cua canh giac dugc tir thy dong
sang giam sat chi dong theo thoi gian thuc. Cac
tac nhan Al c6 kha ning tu dong tiép nhan va
chuén héa dir liéu tir ho so strc khoe dién tir
(EHR) va dit liéu tir xa [29]. Hé thong st dung
céc bo phat hién da phuong thirc dé tim kiém cac
tin hi€u canh bao (trigger tools), vi du nhu viéc
st dung thudc giai doc (nhu Naloxone,
Flumazenil), cac bién dong bét thudng cia chi sb
can lam sang, hodc cac xu hudng bét thuong tir
thiét bi deo (s gia ting dot blen nhip tim) [31].
Dbi voi dit liéu van ban phi ciu triic (ghi chi 1am
sang), cac m6 hinh ngén nglt 1am sang chuyén
biét (nhw SweDeClin-BERT) dugc tinh chinh dé
quét va nhan dién chinh xac cac tac nhan lién
quan dén bién ¢ bat loi. Cac m6 hinh nay c6 kha
nang phat hién cac tir khdéa mo ta triéu chirng cu
thé thuong bi bo sot trong bo céo thi cong, vi
du nhu budn ndn, phat ban, ngtra, sung hay dau
[34]. Khi mét tin hiéu nghi ngo dugc xac dinh,
thay vi cdn nhén vién y té tra ciru thu cong, cac
tac nhan thu thap bang ching s& ty dong tong
hop thong tin tur tién sir bénh nhan va lich sir
dung thudc. Sau d6, hé thong Al co thé hd tro ty
dong dién hoan chinh biéu mau bao cio ADR
(bao gdm thong tin bénh nhan, thudc nghi ngo,
mo ta phan tng va két qua) véi do chinh xéac cao
va thuc hién danh gia nhan qua nhat quan theo
thang WHO. Diéu nay gitp giam tai kh6i lwong
cong viéc thu cong va cai thién ty I¢ bao cdo [35].
Viéc tich hop Al Agent da tao ra mot ludng
cong viéc ty dong toan dién tir khau nhap liéu,
phat hién tin hiéu, thu thap bang chimg dén phan
loai rii ro. Sy chuyén d6i nay khong chi khéc
phuc nhugc diém cia bao céo thi cong ma con
dua hoat dong canh giac dugc tir trang thai thu
dong sang chu dong theo thoi gian thyc, ddm bao
hon an toan ngudi bénh [29].

3.2.4. Quan Iy twong tic thuoc bat loi

Su phat trién ctia cac hé théng Al Agent dang
danh dau mdt budc ngodt quan trong trong viéc
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t6i wu hoa quy trinh quan 1y twong tac thude bat
loi, vuot xa cac md hinh tu dong hoa quy trinh
truyén thong Khac véi cac ludng cong viée cb
dinh von chi thuc hién cac budc xac dinh trudc,
Al Agent c6 kha ning tu duy da budc va két ndi
tri thirc thoi gian thyc. Thay vi dya vao co so dit
liu tinh, cac tac nhan nhu TxAgent thé hién dic
tinh tac nhan vuot troi thong qua kha nang st
dung cac mo hinh ngdn ngir 16n (LLM) dé ty xay

dung 16 trinh thyc thi cho cac yéu cau phurc tap.
Hé thong c6 thé ty cha diéu phdi hon 200 cong
cu chuyén biét (TOOLUNIVERSE) dé truy van
thoi gian thyc tir co quan FDA va Open Targets,
phan tich twong tac & moi cip d6 1am sang. Kha
ning nay cho phép hé thong cap nhat lién tuc cac
phé duyét thuéc méi va thay d6i huéng dan 1am
sang ma khong can tai huin luyén mé hinh [10].

Bang 2. M6t sb nghién ctru g dung AI Agent trong hoat dong duoc bénh vién

Tac gia,

ngt tg nhién
(NLP) va Thi
giac may tinh
(Computer
Vision).

Nam | Phuong phap nghiénciru | Mo hinh Al g;g Két qua chinh
cong bo ing
Gao et | Tac nhan vdi kha nang suy | TxAgent HO  tro | Pat do chinh xac 92,1% trong céc tac
al., 2025 | luan da budc két hop st | (duoc tinh quyét vu suy luan thube ma, vuot qua GPT-
[10] dung 211 cong cu y sinh va | chinh t | dinh 1am | 40 (66,3%) va Llama-3.1-70B. Duy tri
tinh chinh md hinh ngoén | Llama-3.1-8B- | sang va | phwong sai thip (<0,01) giita cac tén
ngir. Instruct). ca thé héa | thudc khac nhau (biét duoc/tén gbc),
diéu tr. chting t6 kha ning tong quat hoa cao.
Choiet | Hé thong da tic nhan st | MALADE (sir | Canh Pat dién tich dudi duong cong ROC
al., 2024 | dung mo hinh Tac nhan - | dung GPT-4 | giac dugc | (AUC) 1a 0,90 (voi GPT-40) khi so
[33] Phé binh (Agent-Critic) két | Turbo  hodc sanh véi bang chuan OMOP. Co ché
hop v6i mo hinh tao sinh | GPT-40 lam phé binh (Critic) gitp stra 16i cho tac
ting cuong truy xudt | nén tang). nhan phan loai trong khoang 44,5%
(RAG) tir nhin thudc FDA truong hop.
Saini, Quy trinh lam viéc tu dong | QSP-Copilot Phat trién | Giam khoang 40% thoi gian phat trién

Farnoud, | hoa bang AI, RAG, va xdy | (tich hgp GPT- | thuéc va | mé hinh QSP. Pat do chinh xac trich
2025 dung dd thi tri thie tir van | 4o, Claude | M6 hinh | xuit thyc thé sinh hoc 13 99,1% cho
[11] ban khoa hoc dé mé hinh | Sonnet va | hoa. bénh dong mau va 100% cho bénh

hoéa sinh hoc. TxGemma). Gaucher.

Ke et al., | M6 phong hoi thoai da tac | GPT-4 Turbo | Ho tro ra | P9 chinh xac chan doan tang tor 0%
2024 nhan véi cac vai tro: Bac si | (trién khai qua | quyét (chan doan ban dau cua tac nhéan) lén
[14] noi tr, Chuyén gia, Bac si | framework dinh 1am | 76% (sau thdao ludn nhoém trong mo

cao cap va Nguoi ghi chép | AutoGen). sang. hinh 4-C), vuot troi dang ké so véi do
dé giam thién kién nhan chinh xdc cua bac si con nguoi (48%)
thirc. trong cac ca lam sang kho.

Liu et al., | Hé thong da tac nhan (gom | GPT-40  (sir | Quan 1y | Tao ra cac dé xuat t6i uu hoa véi 54%
2025 5 tac nhan chuyén biét: phé | dung hé théng dat d6 chinh xac cao va 19% duoc
[13] binh ndi dung, tim kiém | framework va Bénh | danh gia la hitu ich 1am sang, Cohen’s

dong,...), RAG va quy trinh | AutoGen cho | an dién | kappa ting tir 0,06 lén 0,4.
can chinh véi chuyén gia. da tac nhan) ti.
Nutaet | Panh gia hé théng cac tai | Cac thuat toan | Quan 1y | Du bo nhu cau giam sai s6 20-30%.

al., 2025 | liéu hién co vé img dung Al | Hoc may (ML), | cung tng | Phat hién thudc gia giam su ¢b 47%
[26] trong chudi cung tmg dugc | Blockchain, thudc. nh¢ blockchain va Al Hé thong tng

pham. X 1y ngon dung AI con gitip t6i wu hoa 16 trinh

phén phéi thudc, tir d6 gitp giam 23%
lugng nhién li€u tiéu thy khi phai van
chuyén va giam 31% tinh trang giao
hang tré.
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Kha ning cua cac Agent con dugc thé hién
qua quy trinh tu duy da budc (multi-step
reasoning). Thay vi chi cung cdp xac suét kha
nang xay ra tuong tac, cac tac nhan co kha nang
su dung cong cu (function-calling) dé thu thap
bang ching tir nhiéu cap do: tir dic tinh ciu trac
héa hoc, dugc dong hoc dén cac bao cdo 1am
sang. Vi duy, trong cac truong hop phurc tap nhu
tuong tac gitta thudc va thao dugc (DHIs), noi
dir liéu thuong thiéu tiéu chuén chuin hoa, hé
thong co thé tu dong xiy dung 16 trinh thuc thi
dé xac dinh cic co ché phan tir tiém an, ching
han nhu co ché cam tng enzyme CYP3A4 hoic
trc ché van chuyén P-glycoprotein do cic hoat
chat trong thao duoc giy ra. Cac hé théng nhu
AgentMol con tién xa hon khi st dung
LangGraph dé diéu phéi cac moé hinh ngén ngi
hoa hoc (CLMs) va mang no-ron tich chap hoi
quy (Regression Convolutional Neural Network
- RCNN), cho phép tao ra va danh gia cac ing
vién thuéc méi dua trén 4i luc lién két protein
mot cach hoan toan tu dong [36].

Tuy nhién, sy gia tang tinh tw chu cia Al
Agent cting dat ra yéu cau cap thiét vé tinh minh
bach. Cac nghién ctru vé Al c6 thé giai thich
(Explainable Al - XAI) dong vai tro quan trong
trong viéc cung cdp cac 10 trinh tu duy minh
bach, cho phép chuyén gia y té kiém chung timg
budc logic cua tac nhan. Viéc ap dung céac ky
thudt nhu SHAP  (Shapley  Additive
Explanations) hay LIME gitp lugng héa tim
quan trong cua cac dac tinh dau vao, tir d6 bién
cac md hinh hop den thanh cac cong cu hd tro
quyét dinh c6 thé giai trinh dwugc. Pidu nay
khong chi gitip bac si hiéu rd co ché rai ro ma
con tao diéu kién cho co ché giam sat tac nhan
(human-in-the-loop), noi con nguoi thuc hién
danh gia cubi cing dua trén cac 16 trinh suy luan
¢6 bang chimg ma Al cung cap [37].

Tom lai, viéc tich hop cic hé thong da tac
nhan c6 kha ning ty hoc va phdi hop cong cu
dang m¢ ra mot ky nguyén mdi cho y hoc ca thé
hoa. Mac du van con nhimg thach thue vé su
khong chic chan va tinh 6n dinh ctia Al Agent,
su két hop gitra kha niang xu 1y tri thirc rong 16n
cua Al va sy giam sat chuyén mon cua con nguoi
htra hen s& t6i wu hoa hiéu qua diéu tri va giam

thiéu dang ké cac bién ¢ co hai do tuwong tac
thuoc bat loi gay ra.

4. Ban luin

Sy chuyén dich tir cac md hinh quéan 1y va
1am sang truyén théng sang cac hé thong tich hop
tac nhan Al dang md ra mét ky nguyén mai cho
nganh dugc bénh vién toan cau. Tai Viét Nam,
trong bdi canh chuyén di sb y té dang duogc day
manh, viéc tng dung cac cong nghé nay mang
lai nhimg co hdi dot pha nhung clng dat ra
khong it thach thirc vé ha ting va ngudn luc.

4.1. Co hoi @t phd hiéu sudt va an todn
nguoi bénh

Hé théng y té Viét Nam thuong xuyén dbi
mat voi tinh trang qua tai, gy ap luc 16n [én doi
ngii nhan vién y té noi chung, trong d6 duoc s
n6i riéng thudong xuyén dbi mat véi khoi luong
16n cong viéc trong ca khau quan 1y cung trng
thudc va thuc hanh 14m sang. Viéc ing dung cac
quy trinh 1am viéc dua trén tac nhan Al cho phép
tu dong hoda cac tac vu lap lai nhu du bao nhu cAu
thudc, dat hang va kiém soat han dung. Céc
nghién ctru d chimg minh rang hé théng du bao
tich hop Al c6 thé giam sai s6 du bao (MAPE)
xudng murc thap dang ké va ngin chan tinh trang
thiéu thube dot ngdt [26, 27]. Pbi vé6i cac bénh
vién tuyén cudi tai Viét Nam, noi quan ly hang
nghin danh muc thudc, viéc ap dung cac hé théng
robot tu dong va Al giam sat theo thoi gian thuc
nhu MedAware hay Fred AID s€ giup duogc si
giam tai cac cong viéc hanh chinh thii cong dé
tap trung vao chuyén moén lam sang [28].

Vé an toan thudc, hoat dong bao cao phan
ung c6 hai cua thube (ADR) tai Viét Nam hién
nay chu yéu van dua trén cac bao cao tu nguyén,
dan dén ty 1& bo sot cao va thiéu dir liéu thuc té.
Co hoi 16n nhit ma Al Agent mang lai 1a kha
ning chuyén d6i sang mo hinh giam sat chu
dong. Co thé g dung cac mo hinh xir Iy ngon
ngit ty nhién dé quét ho so bénh an dién tir va bd
cong cu nhan dién cac tin hi¢u kich hoat (trigger
tools) trong céc hd so bénh 4n dién tir tai cac
bénh vién co thé phat hién cac bién cb bét loi
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(ADEs) ma quy trinh thu céng thuong bd qua
[31, 34]. Hon nita, cac kién tric da tac nhan nhu
hé thong MALADE c6 kha ning ty dong dién
biéu miu bao cao va danh gia mdi quan hé nhéan
qua, giup chuan hoa quy trinh canh giac dugc va
giam tai ap luc bao cao cho nhan vién y té [33, 35].

Su troi day cta cac hé théng Al Agent dang
tao ra nhiing co hdi dot pha chua tirng c6 trong
viéc nang cao hiéu suét an toan nguoi bénh, dac
biét la trong linh vyc quan ly tuong tac thuéc
phurc tap. Trong khi cac hé thdng canh bao truyen
thong thuong chi dua trén co s¢ dir li€u co san
va dé gay ra tinh trang "canh bao mét moi" (alert
fatigue) khién bac si c6 xu huéng boé qua ci
nhitng canh bao quan trong, cac tdc nhan Al
Agent khéc phuc van dé nay théng qua kha ning
tich hop dit liéu da phwong thirc. Thay vi chi ddi
chiéu cap thudc don thuan, cac tac nhan Al (nhu
TxAgent) phan tich sdu hd so bénh nhén (chirc
nang gan than, gen dugc, bénh méc kém) dé loc
bo céac thong tin canh bao nhiu va chi dua ra
canh bao c¢6 y nghia lam sang thuc sy [23]. Hon
nira, nho rng dung cac thudt toan hoc sau va ly
thuyét dd thi (Graph-based), Al Agent con ¢6
kha nang du doan cac tuong tac tiém 4n & cap do
phan tir (twong tac thudc - dich, thudc - thao
dugc) ma cac co s dir liéu y van chua cap nhat
kip, dong vai tro quan trong trong gidm sat an
toan dung thube, dic biét trong cac li€u phap
diéu tri phtrc tap va da phuong thirc hién nay. Co
hoi dot pha 16n nhat nam ¢ kha nang két ni tri
thtrc thoi gian thuc va tg dong hoa viéc truy van
cac ngudn dir liéu khoa hoc mai nhat. Cac Al
Agent c6 thé ty chii diéu phéi hang tram cong cu
chuyén biét dé cap nhat cac phé duyét thudc méi
tor FDA hodc cac tuong tac sinh hoc vira dugc
cong bd, diéu ma cac mo hinh hoc may dong kin
khong thé thuc hién dugc do giéi han vé dir liéu
huan luyén [10, 36]. Bén canh d6, hiéu suat an
toan nguoi bénh dugc cing ¢d manh mé& nho sy
két hop gitta AI Agent va Al co thé giai thich
(XAI). Thach thtrc 16n nhét d6i véi Al trong y té
1a tinh hop den, nhung cac Al Agent hién dai da
khic phuc diéu nay bang cach cung cép cac 10
trinh tu duy minh bach, cho phép cac chuyén gia
y té kiém chimg timg budc 1ap luan cia Al Piéu
nay dac bi€t quan trong trong quan ly tuong tac

thudc-thao duge (DHIs), noi dit liéu thudng thiéu
tiéu chudn hoa va tinh phirc tap cao hon nhiéu so
v6i twong tac thude-thude thong thuong [37].
Toém lai, viéc tich hop cac hé théng Al
Agent, dic biét 12 kién trac da tac nhan, danh dau
budc chuyén dich quan trong tir céng cu du bao
don thuan sang vai trd ngudi cong sy théng minh
trong thuc hanh dugc 1am sang. Giai phap nay
khong chi giai quyét bai toan thiéu hut nhan luc
chuyén mon tai cac tuyén y té co s& ma con phat
huy sttc manh cda tri tué tap thé dé hd tro ra
quyét dinh chinh x4c cho cac ca bénh phirc tap.
Bang cach duy tri co ché con nguoi tham gia
giam sat (human-in-the-loop) song song véi kha
nang truy xuat dir liéu thoi gian thuc, AI Agent
gop phém hién thyc héa y hoc chinh xéac, giam
thiéu ti da cac bién cd bét loi (ADRs), du doan
va canh bédo cac nguy co tuong tac thudc tiém an
va thiét 1ap nhiing tiéu chuén an toan méi, hiéu qua
hon trong cham soc strc khoe hién dai [10, 14].

4.2. Théch thirc trong trién khai va vdn hanh

4.2.1. Rao can vé dir liéu va ngon ngir

Dé cac Al Agent hoat dong hiéu qua, déc biét
la trong canh giac duoc va hd tro 1am sang, yéu
cdu tién quyét 1a dit liéu dau vao phai dugc chuin
héa. Tuy nhién, dir li€u y té tai Viét Nam (nhu
ghi cht 1am sang trong bénh 4n dién tir) phan 16n
1a dir liéu phi ciu trac va chua dong bg, lién
thong giita cac hé thong bénh vién trén toan
quéc. Mic du cac md hinh nhu SweDeClin-
BERT da ching minh hiéu qua trong viéc trich
xudt thong tin y khoa, nhung viéc huan luyén va
tinh chinh cac mé hinh ngén ngtt l6n (LLM) dé
hiéu chinh x4c thuat ngir y khoa tiéng Viét va van
phong 1am sang dic thu van 1a mot thach thirc
16n [34]. Bén canh do, nguy co “4do giac” thong
tin ctia Al van ton tai, doi hoi phai ap dung cac
ky thuat tién tién nhu RAG (Retrieval-
Augmented Generation) va kién triic da tic nhan
dé kiém ching thong tin, 1am tang do phuc tap
vé mit k¥ thuat khi trién khai [5, 33].

4.2.2. Chi phi dau tw va ha tang kj thugt

Viéc trién khai cac hé thong robot cip phat
thudc tu dong hay cac phan mém quan ly kho
dua trén Al doi hoi chi phi dau tu ban dau rat 16n,
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1a rao can khong nho d6i véi ngan sach cua cac
bénh vién cong lap tai Viét Nam. Sy 6n dinh cua
cac hé théng nay phu thudc hoan toan vao ha
ting cong nghé thong tin; bat ky sy gian doan
nao trong lung dit liéu ctia cic tic nhan Al déu
c¢6 thé gy ra hiu qua nghiém trong dén chudi
cung tng thudc va an toan nguoi bénh [27].

Mot rao can k¥ thuat dac thu tai Viét Nam la
su phan manh ciia phan mém quén 1y thong tin
bénh vién (HIS). Hién nay, cac bénh vién su
dung nhiéu phin mém quan Iy khac nhau véi
chuén dit liéu chua déng bo. Al Agent can kha
ning truy xuét dir liéu lién thong giira HIS, LIS
(xét nghiém) va PACS (chan doan hinh anh) dé
dua ra quyét dinh chinh xac. Viéc cac hé thong
nay hoat déng nhu cac "dc dao dir liéu" (data
silos) khién kha nang nhan thirc méi truong cia
Agent bi gi6i han dang ké. Do d6, yéu cau cip
thiét 1a phai xay dung cac kho dit liéu chuin hoa
(nhu chuin HL7/FHIR) lam nén tang cho Al
Agent hoat dong.

4.2.3. Van dé phdp Iy va dao tao nhan luc

Su xuét hién cta Al Agent dat ra cau hoi vé
trach nhiém phap 1y: Ai s€ chiu trach nhiém khi
Al dua ra mot khuyén nghi sai dan dén sy cd y
khoa? Mic du cac hé théng da tac nhan da cai
thién dang ké do chinh xac so vdi bac si trong
mot s6 thir nghiém, nhung vai tro giam sat cua
con ngudi van 1a bat bugc dé dam bao tinh an
toan cudi cung [14].

Tai Viét Nam, hanh lang phép 1y cho Al
trong y té hién van dang trong giai doan dinh
hinh. Thang 10/2025, Qudc hdi da ban hanh Luat
tri tué nhan tao sd 134/QH15. Do d6, mé hinh
trién khai kha thi nhat trong giai doan hién nay
la "Human-in-the-loop" (Con ngudi trong vong
1ap), noi Al Agent dong vai tro 12 nguoi dé xuat
va bac si, duoc si 1am sang nim quyén ra quyét
dinh cudi ciing. Piéu nay dam bao tuan thu luat
kham bénh, chita bénh hién hanh, trong d6 trach
nhiém chuyén mén luén gan lién voi ngudi hanh
nghé c6 chimg chi. Piéu nay doi hoi duoc si bénh
vién phai dugc dao tao lai, khong chi vé kién
thirc chuyén mén ma con vé ning luc sé dé co
thé twong tac, giam sat va tham dinh cac dé xuat
cua Al, thay vi phu thu¢c hoan toan vao cac
khuyén nghi tir AI [13].

5. Két luan

Toém lai, viéc tng dung Al Agent trong duoc
bénh vién tai Viét Nam htra hen mot cudc cach
mang vé nang cao chét luong diéu trj va hiéu qua
quan ly. Tuy nhién, dé hién thuc héa tiém ning
nay, can ¢6 chién lugc dau tu déng bd vé kién
thure, ha tﬁng di liéu va cha trong dao tao nguén
nhan lyc san sang lam viéc cung cong nghé.

Tai liéu tham khao

[1] E. J. Topol, High-Performance Medicine: The
Convergence of Human and Artificial Intelligence,
Nature Medicine, Vol. 25, No. 1, 2019, pp. 44-56,
https://doi.org/10.1038/s41591-018-0300-7.

[2] A.J.Thirunavukarasu, D. S.J. Ting, K. Elangovan,
L. Gutierrez, T. F. Tan, D. S. W. Ting, Large
Language Models in Medicine, Nature Medicine,
Vol. 29, No. 8, 2023, pp. 1930-1940,
https://doi.org/10.1038/s41591-023-02448-8.

[3] Z.Xi, W. Chen, X. Guo, W. He, Y. Ding, B. Hong
et al., The Rise and Potential of Large Language
Model Based Agents: A Survey, ArXiv, 2023,
https://doi.org/10.48550/arXiv.2309.07864.

[4] J. Zou, E. J. Topol, The Rise of Agentic Al
Teammates in Medicine, The Lancet, Vol. 405,
No. 10477, 2025, pp. 457,
https://doi.org/10.1016/S0140-6736(25)00202-8

[5] M. Omar, B. S. Glicksberg, G. N. Nadkarni, E.
Klang, Refining LLMs Outputs with Iterative
Consensus Ensemble (ICE), Computers in Biology
and Medicine, Vol. 196, 2025, pp. 110731,
https://doi.org/10.1016/j.compbiomed.2025.110731.

[6] L. Wang, C. Ma, X. Feng, Z. Zhang, H. Yang, J.
Zhang et al., A Survey on Large Language Model
Based Autonomous Agents, Frontiers of Computer
Science, Vol. 18, No. 6, 2024, pp. 186345,
https://doi.org/10.1007/s11704-024-40231-1.

[71 A. Georgiou, J. Li, J. Thomas, M. R. Dahm, J. 1.
Westbrook, The Impact of Health Information
Technology on the Management and Follow-Up of
Test Results - A Systematic Review, Journal of the
American Medical Informatics Association,
Vol. 26, No. 7, 2019, pp. 678-688,
https://doi.org/10.1093/jamia/ocz032.

[8] World Health Organization, Medication Without
Harm: WHO Global Patient Safety
Challenge,https://www.who.int/initiatives/medicat
ion-without-harm, 2017 (accessed on: January 3%,
2026).


https://doi.org/10.1016/j.compbiomed.2025.110731
https://doi.org/10.1007/s11704-024-40231-1
https://doi.org/10.1093/jamia/ocz032

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

P. Q. Anh et al. / VNU Journal of Science: Medical and Pharmaceutical Sciences 15

J. Thomason, Al Agents and Automation: The
Future of Clinical Pharmacy, Global Health
Journal, Vol. 9, No. 3, 2025, pp. 181-184,
https://doi.org/10.1016/j.glohj.2025.09.001.

S. Gao, R. Zhu, Z. Kong, A. Noori, S. Su, C. Ginder
et al., TxAgent: An Al Agent for Therapeutic
Reasoning Across a Universe of Tools, ArXiv
Preprint ArXiv:250310970, 2025,
https://doi.org/10.48550/arXiv.2503.10970.

A. Saini, A. Farnoud, QSP-Copilot: An Al-
Augmented Platform for Accelerating Quantitative
Systems Pharmacology Model Development, CPT:
Pharmacometrics and Systems Pharmacology,
Vol. 14, No. 11, 2025, pp. 1775-1786,
https://doi.org/10.1002/psp4.70127.

R. C. Deo, S. Goto, T. Jain, S. Meier, R. Patel, A
Conversational Artificial Intelligence Agent for
Medication Reconciliation and Review, MedRxiv,
2025,
https://doi.org/10.1101/2025.06.16.25329719.
S. Liu, S. S. Huang, A. B. McCoy, A. P. Wright, S.
Horst, A. Wright, Optimizing Order Sets With a
Large Language Model-Powered Multiagent
System, JAMA Network Open, Vol. §, No. 9,
2025, pp. 2533277,
https://doi.org/10.1001/jamanetworkopen.2025.
33277.

Y. Ke, R. Yang, S. A. Lie, T. X. Y. Lim, Y. Ning,
I. Li et al., Mitigating Cognitive Biases in Clinical
Decision-Making Through Multi-Agent
Conversations Using Large Language Models:
Simulation Study, Journal of Medical Internet
Research, Vol. 26, 2024, pp. 59439,
https://doi.org/10.2196/59439.

X. Chen, H. Yi, M. You, W. Liu, L. Wang, H. Li et
al., Enhancing Diagnostic Capability with Multi-
Agents Conversational Large Language Models,
NPJ Digital Medicine, Vol. 8, No. 1, 2025, pp. 159,
https://doi.org/10.1038/s41746-025-01550-0.

F. L. Barra, G. Rodella, A. Costa, A. Scalogna, L.
Carenzo, A. Monzani et al., From Prompt to
Platform: An Agentic Al Workflow for Healthcare
Simulation Scenario Design, Advances in
Simulation, Vol. 10, No. 1, 2025, pp. 29,
https://doi.org/10.1186/s41077-025-00357-z.

Y. Yang, H. Chai, Y. Song, S. Qi, M. Wen, N. Li,
et al., A Survey of Al Agent Protocols, ArXiv
Preprint ArXiv:250416736, 2025,
https://doi.org/10.48550/arXiv.2504.16736.

A. Gorenshtein, M. Omar, B. S. Glicksberg, G. N.
Nadkarni, E. Klang, AI Agents in Clinical
Medicine: A Systematic Review, MedRxiv, 2025,
https://doi.org/10.1101/2025.08.22.25334232.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

S. K. Gorenshtein, A. Sorka, M. Aran, D. Shelly,
Biomedical Literature Review and Citation
Retrieval Agents, Computers in Biology and
Medicine, Vol. 192, 2025, pp. 110363,
https://doi.org/10.1016/j.compbiomed.2025.110363.
N. Karunanayake, Next-Generation Agentic Al for
Transforming Healthcare, Informatics and Health,
Vol. 2, No. 2, 2025, pp. 73-83,
https://doi.org/10.1016/j.infoh.2025.03.001.

C. Pais, J. Liu, R. Voigt, V. Gupta, E. Wade,
M. Bayati, Large Language Models for Preventing
Medication Direction Errors in Online Pharmacies,
Nature Medicine, Vol. 30, No. 6, 2024,
pp- 1574-1582,
https://doi.org/10.1038/s41591-024-02933-8.

R. Uthayakumar, S. Priyan, Pharmaceutical Supply
Chain and Inventory Management Strategies:
Optimization for a Pharmaceutical Company and a
Hospital, Operations Research for Health Care,
Vol. 2, No. 3, 2013, pp. 52-64,
https://doi.org/10.1016/j.0rhc.2013.08.001.

A. Alam, S. S. Shah, S. A. Rabbani, M. E. Tanani,
The Role of Artificial Intelligence in Pharmacy
Practice and Patient Care: Innovations and
Implications, BioMedInformatics, Vol. 5, No. 4,
2025,

https://doi.org/10.3390/biomedinformatics5040
0xx.

S. Vashishtha, Impact of Machine Learning on
Drug Demand Forecasting in Pharmaceutical
Supply Chains, International Journal of Research
in all Subjects in Multi Languages, Vol. 14, 2025,
pp- 29-37,
https://doi.org/10.63345/ijrsml.v13.i4.4.

M. H. Shahin, S. Goswami, S. Lobentanzer, B. W.
Corrigan, Agents for Change: Artificial Intelligent
Workflows for Quantitative Clinical
Pharmacology and Translational Sciences, Clinical
and Translational Science, Vol. 18, No. 3, 2025,
pp. €70188, https://doi.org/10.1111/cts. 70188

S. Nuta, A. Mattam, N. Marri, S. Polenwar,
Artificial Intelligence in Pharmaceutical Supply
Chain Management, International Journal on
Science and Technology, Vol. 16, 2025,
https://doi.org/10.71097/1JSAT.v16.i3.7919.

M. Klumpp, D. Loske, Sustainability and
Resilience Revisited: Impact of Information
Technology Disruptions on Empirical Retail
Logistics Efficiency, Sustainability, Vol. 13,
No. 10, 2021, pp. 5650,
https://doi.org/10.3390/su13105650.

D. Rammal, M. Alomar, S. Palaian, AI-Driven
Pharmacy Practice: Unleashing the Revolutionary


https://www.google.com/search?q=https://doi.org/10.48550/arXiv.2503.10970&authuser=1
https://doi.org/10.1002/psp4.70127
https://doi.org/10.1101/2025.06.16.25329719
https://doi.org/10.1001/jamanetworkopen.2025.33277
https://doi.org/10.1001/jamanetworkopen.2025.33277
https://doi.org/10.2196/59439
https://doi.org/10.1038/s41746-025-01550-0
https://doi.org/10.1186/s41077-025-00357-z
https://www.google.com/search?q=https://doi.org/10.48550/arXiv.2504.16736&authuser=1
https://doi.org/10.1101/2025.08.22.25334232
https://doi.org/10.1016/j.infoh.2025.03.001
https://doi.org/10.1016/j.orhc.2013.08.001
https://www.google.com/search?q=https://doi.org/10.3390/biomedinformatics50400xx&authuser=1
https://www.google.com/search?q=https://doi.org/10.3390/biomedinformatics50400xx&authuser=1
https://doi.org/10.63345/ijrsml.v13.i4.4
https://doi.org/10.1111/cts.70188
https://doi.org/10.71097/IJSAT.v16.i3.7919
https://doi.org/10.3390/su13105650

16

[29]

[30]

[31]

[32]

[33]

P. Q. Anh et al. / VNU Journal of Science: Medical and Pharmaceutical Sciences

Potential in Medication Management, Pharmacy
Workflow, and Patient Care, Pharmacy Practice,
Vol. 22, 2024, pp. 1-11,

https://doi.org/10.18549/PharmPract.2024.2.2958.

D. Callaghan, Agentic Al for
Pharmacovigilance on Databricks,
https://blogs.perficient.com/2025/10/01/modern
-pharmacovigilance-ai-databricks/, 2025
(accessed on: January 3™, 2026).

D. C. Classen, R. Resar, F. Griffin, F. Federico, T.
Frankel, N. Kimmel et al., Global Trigger Tool
Shows That Adverse Events in Hospitals May be
Ten Times Greater Than Previously Measured,
Health Affairs, Vol. 30, No. 4, 2011, pp. 581-589,
https://doi.org/10.1377/hlthaff.2011.0190.

M. Augustino, M. Rowcliffe, A. Feemster, J.
Smith, R. Duncan, Analysis of Medication-Related
Triggers to Determine Adverse Drug Events,
European Journal of Hospital Pharmacy, Vol. 30,
No. 2, 2023, pp. 92-95,
https://doi.org/10.1136/ejhpharm-2021-003078.
P. Pilipiec, M. Liwicki, A. Bota, Using Machine
Learning for Pharmacovigilance: A Systematic
Review, Pharmaceutics, Vol. 14, No. 2, 2022,
https://doi.org/10.3390/pharmaceutics 14020266
J. Choi, N. Palumbo, P. Chalasani, M. M.
Engelhard, S. Jha, A. Kumar et al., MALADE:
Orchestration of LLM-Powered Agents with
Retrieval Augmented Generation for

Real-Time

[34]

[35]

[36]

[37]

Pharmacovigilance, ArXiv Preprint
ArXiv:240801869, 2024,

https://doi.org/10.48550/arXiv.2408.01869.

E. Kopacheva, A. Henriksson, H. Dalianis, T.
Hammar, A. Lincke, Identifying Adverse Drug
Events in Clinical Text Using Fine-Tuned Clinical
Language Models: Machine Learning Study, JMIR
Formative Research, Vol. 9, 2025, pp. €71949,
https://doi.org/10.2196/71949.

T. Hussain, P. S. Mishra, A. Tiwari, M. Parmar, S.
Gadaria, P. Kannoj, Artificial Intelligence Enabled
Audio-to-Text Transcription and Translation for
Streamlined Pharmacovigilance Data Collection
and Adverse Drug Reaction Reporting,
Perspectives in Clinical Research, Vol. 16, No. 4,
2025, pp. 211-217,
https://doi.org/10.4103/picr.picr_226 24.

P. C. Karabowicz, R. Charkiewicz, A. Sulewska, J.
Niklinski, AgentMol: Multi-Model Al System for
Automatic  Drug-Target Identification and
Molecule Development, Methods and Protocols,
Vol. 8, 2025, pp. 143,
https://doi.org/10.3390/mps8060143.

M. Spanakis, G. Tzedakis, Artificial Intelligence
Models and Tools for the Assessment of Drug-
Herb Interactions, Pharmaceuticals, Vol. 18, No. 3,
2025, pp. 282,
https://doi.org/10.3390/ph18030282.


https://doi.org/10.18549/PharmPract.2024.2.2958
https://blogs.perficient.com/2025/10/01/modern-pharmacovigilance-ai-databricks/
https://blogs.perficient.com/2025/10/01/modern-pharmacovigilance-ai-databricks/
https://doi.org/10.1377/hlthaff.2011.0190
https://doi.org/10.1136/ejhpharm-2021-003078
https://doi.org/10.3390/pharmaceutics14020266
https://www.google.com/search?q=https://doi.org/10.48550/arXiv.2408.01869&authuser=1
https://doi.org/10.2196/71949
https://doi.org/10.4103/picr.picr_226_24
https://www.google.com/search?q=https://doi.org/10.3390/mps8060143&authuser=1
https://doi.org/10.3390/ph18030282

