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NGHIEN Cl’U ’NG DUNG THUAT TOAN
HINH CHIEU CUONG PO TOI PA (MIP) TREN CAT LOP VI TINH NGUC
TRONG PHAT HIEN VA THEO DOI NOT BPAC NHO O PHOI

TOM TAT

Pit van dé: Phat hién cac nét phdi dic kich
thwéc nhd (<5 mm) trén CLVT ngwe con nhiéu kho
khan do dé bi bd sét trén cac lat cat méng. Ky thuat
tai tao hinh chiéu cudng do tdi da (MIP) gitp lam néi
bat cac cAu tric cé ty trong cao va co thé cai thién
kha nang phat hién.

Muc tiéu: Banh gia vai tro cia MIP & cac d6 day
khac nhau trong phat hién va theo déi nét phdi dac
<5 mm.

D6i twong va phwong phap: Nghién ctru tién
ctu trén 55 bénh nhan cé nét phdi dic <5 mm tai
Bénh vién Phdi Trung wong (6/2023—10/2025). D&
liéu CLVT duwoc tai tao thanh 4 bd anh: MIPO (axial),
MIP5, MIP10 va MIP15. Hai bac si chan doan hinh
anh doc doc lap. So sanh sb lwong, kich thwéc, vi tri
va dac diém ndt bang cac kiém dinh thdng ké.

Két qua: Téng cong 129 nét dwgc phan tich. MIP
lam tang dang ké sb lwgng nét phat hién so véi MIPO,
véi MIP5 va MIP10 c6 sy khac biét cé y nghia thdng
ké (p<0,001). Khéong cé sw khac biét gitra MIP5 va
MIP10 (p>0,05), tuy nhién MIP10 c6 xu hwéng phat
hién nhiéu nét hon. MIP15 lam gidm kha n&ng phat
hién. D6 déng thuan gitra hai bac si cao (p>0,05). Da
s6 nét ndm & vung thuy dwdi va cé ber déu. Trong
qua trinh theo déi, 16 nbt (12,4%) tang kich thuorc,
mot sb dwoc xac dinh la tdn thwong &c tinh hoac tién
ac tinh.

Két luan: MIP cai thién rd rét kha ning phat hién
nbt phéi nhd, t6i wu & d6 day 5-10 mm, dac biét
MIP10. Viéc theo di cho thdy mot ty 1é nt nhd co
thé tién trién, nhan manh y nghia ctia phat hién sém
va theo doi dinh ky.

Ter khéa: N6t phdi, ky thuat hinh chiéu cuwdng do
ti da, ung thw phdi.
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SUMMARY

RESEARCH ON THE APPLICATION OF THE MAXIMUM
INTENSITY PROJECTION (MIP) ALGORITHM IN
CHEST COMPUTED TOMOGRAPHY FOR THE
DETECTION AND FOLLOW-UP OF SMALL SOLID
PULMONARY NODULES

Background: Detection of small solid pulmonary
nodules (<5 mm) on chest CT remains challenging due to
their subtle appearance and risk of being overlooked on
thin-section images. Maximum Intensity Projection (MIP)
reconstruction enhances high-density structures and may
improve detection.

Objective: To evaluate the role of MIP at different
slab thicknesses in detecting and monitoring small solid
pulmonary nodules (<5 mm).

Methods: A prospective study was conducted on
55 patients with solid pulmonary nodules <5 mm at the
National Lung Hospital from June 2023 to October 2025.
CT datasets were reconstructed into four image sets:
MIPO (axial), MIP5, MIP10, and MIP15. Two radiologists
independently reviewed the images. The number, size,
location, and morphological features of nodules were
analyzed and compared using statistical tests.

Results: A total of 129 nodules were analyzed. MIP
significantly increased nodule detection compared with
MIPO, with MIP5 and MIP10 showing statistically significant
differences (p<0.001). No significant difference was found
between MIP5 and MIP10 (p>0.05), although MIP10
showed a trend toward higher detection. MIP15 reduced
detection performance. Interobserver agreement was high
(p>0.05). Most nodules were located in the lower lobes
and had smooth margins. During follow-up, 16 nodules
(12.4%) increased in size, some of which were confirmed
as malignant or premalignant lesions.

Conclusion: MIP significantly improves the detection
of small pulmonary nodules, with optimal performance
at 5-10 mm slab thickness, particularly MIP10. Follow-
up findings indicate that a subset of small nodules may
progress, highlighting the importance of early detection
and periodic surveillance.

Key words: pulmonary nodule, maximum-intensity-
projection, lung cancer.

I. DAT VAN BE

Ky thuat hinh chiéu cwong do téi da (Maximum
Intensity Projection — MIP) la phwong phap x& ly hau
ky gitp lam ndi bat cac cAu tric cé ty trong cao trén
dir liéu cat I&p vi tinh (CLVT) [1]. Trong chan doan
hinh anh I6ng ngwc, MIP dac biét hiru ich trong phat
hién cac ndt phdi nhd, vén dé bi bd sot trén cac lat
cat moéng théng thuweng [2]. Cac nét phdi kich thuwdc
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<5 mm c6 y nghia quan trong trong phat hién sém
ung thu phdi, tuy nhién viéc nhan dién con nhiéu han
ché [3]. Po dc')’, viéc t0i wu hoa ky thuét tai tao hinh
anh la can thiét. Nghién cu nay nham danh gia vai
tro cta MIP c’)” céac do day khac nhau trong phat hién
va theo dbi nét dac nhd & phoi.
Il. DOl TWQNG VA PHUONG PHAP

2.1. Béi twong nghién clru

Bao gdm 55 bénh nhan c6 nét phéi dac <5 mm,
dwoc chup va theo doi tai Bénh vién Phoi Trung
wong.

Tiéu chuan Iwa chon

Puoc chup phim CLVT véi do day lat cit <1 mm

C6 day du dir liéu va theo dbi

Anh phim CLVT khéng bi nhiéu

Tiéu chuan loai trir

Bénh nhan rpéc cac bénh c6 nhiéu nét nhé nhw
lao phoi, bui phoi, viém phoi, sarcoidosis

Phim chup khéng dung protocol nghién ctru

2.2. Phwong phap nghién ctru

Thiét ké nghién ctru

Nghién ctru tién clru, mé ta — phan tich

Bénh nhan duoc chup bing may CLVT da day
co q’é day lat cét's 1mm, c6 ap dung ky tpuét hinh
chiéu cwdng do toi da voi céc murc do: a) Anh CLVT
thuwdng quy (axial nguxén goc, khong xt ly MIP, doc
trén ctra s6 nhu mo ph(f)i (WWI/WL: 1200/-800) — quy
wéce la anh MIP0); b) Anh MIP véi cwdng dd chiéu

toi da twong duong do day 5 mm (anh MIP5); c) Anh Dac didm Nam Niv Chung

MIP v&i cwdng do chiéu toi da twong dwong do day j (n=15) (n=24) | (n=39)

10 mm (anh MIP10); d) Anh MIP vé&i cwérng d6 chiéu | Tudi nhd nhéat 22 27 22

t6i da twong dwong do day 15 mm (anh MIP15) Tubi [6n nhét 68 P 68
T4t ca cac seri thm dwoc doc doc lap bai hai bac Tudi trung binh

sT chuyén khoa chan doan hinh &nh cé kinh nghiém | +gp) 48,8 +13,1 | 44,893 | 46,1+10,9

va khong trao ddi két qua véi nhau.
M®&i bac sT sé doc tirng bd anh riéng biét véi thoi
gian cach nhau téi thiéu 2 tuan gitra cac 1an phan

3.2. Pac diém hinh anh

tich @& han ché anh hwéng clia viéc ghi nhé két qua
trwdc d6 vé viéc phat hién nét, giup téng tinh khach
quan va do tin cay cla viéc ghi nhan sé lwong va dac
diém nét phoi.

Chup lai phim sau 6 thang.

Bién s6 nghién ctru

S6 lwong nét

Kich thuwéc

Vi tri (theo thuy phdi)

Dac diém dwong bo

Xt ly s6 lidu

S6 lieu thu thap dwoc sé xi ly theo thuat toan
thdng ké y hoc bang phdn mém SPSS 26.0. S&r dung
cac kiém dinh Paired Sample t-test. Tim méi twong
quan va nghia th(“')ng ké dwoc xac dinh v&i p < 0,05.

Pao dirc nghién ctru

Nghién ctu dwoc tién hanh trung thuc, chinh
xac, tén trong bénh nhan. Céac théng tin cia dbi
twong nghién ciru sé dwgc dam bao gilv bi mat va
chi st dung cho muc dich nghién ctru.

Nghién ctu chi tién hanh thu thap thong tin tw
hd so bénh an, khéng gay anh hwéng dén qua trinh
diéu tri cGia bénh nhan va khéng anh hwdng dén cac
hoat dong kham, chira bénh clia bénh vién.

lll. KET QUA
3.1. Pac diém chung

Béng 1. Pdc diém tuéi theo gi6i

Nhan xét: Tudi trung binh: 46,18 £ 10,9; nhém
40-49 chiém ty |& cao nhat. N chiém 61,5%.

Bang 2: Kich thuéc trung binh nét BS1 va BS2 doc & cac MIP khéc nhau (n=129)

Mirc MIP (mm) BS1 BS2 Nhé nhat Lén nhat
Trung binh £ SD (mm) Trung binh £ SD (mm) (mm) (mm)
0 3,78+ 1,1 3,87+1,0 1 5
5 3,54 £0,92 3,44 + 0,87 1 5
10 3,26+0,8 3,57+0,9 1 5
15 4,00+1,0 3,75+1,0 1 5
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Nhan xét: Kich thwéc trung binh ctia cac nét phéi do hai bac si do & cac mirc MIP khac nhau twong déng,
dao déng nhe trong khodng 3—4 mm. Gia tri do dwoc ¢ xu hwéng giam dan khi ting do day MIP tir 0 mm
dén 10 mm, sau dé tdng nhe & MIP 15 mm.

Bang 3. Pac diém duong bo tén thuong & céc MIP khac nhau (n=129)

N MIPON(%) MIP5 n(%) MIP10n(%) MIP15n(%)
Pac diem bo
BS1 BS2 BS1 BS2 BS1 BS2 BS1 BS2
Péu 71(92,2) | 70(91,0) | 120 (96,0) | 120 (96,0) | 120 (96,0) | 120 (96,0) | 82(93,2) | 79 (92,9)
Khéng déu 2(2,6) 2(2,6) 1(0,8) 2(1,6) 2(1,6) 2(1,6) 2(2,3) 2(2,3)
Pa cung 4(5,2) 4(5,2) 3(2,4) 2(1,6) 3(2,4) 2(1,6) 3(3,4) 3(3,4)
Tua gai 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)

Nhén xét: Da sb cac nbt phdi co bdr déu & tat ca cac mirc MIP va gitra hai bac si doc phim, chiém ty & rat
cao (trén 90%). Cac dang b& khac cd ty 1é rat thap hoac khéng co.

Bang 4. Phan bé sé nét theo thiy phéi & cac mirc MIP (BS1 va BS2) (n=129)

Thily phéi MIPO MIP5 MIP10 MIP15
BS1 BS2 BS1 BS2 BS1 BS2 BS1 BS2

Thay trén P 17 16 24 23 26 24 14 13
Thuy gitra P 12 9 18 18 18 18 15 14
Thay dwoi P 18 21 34 32 34 37 22 23
Thuy trén T 1 12 16 18 20 18 12 1
Thay dwéi T 19 18 32 33 31 31 24 23

Téng 77 76 124 124 129 128 87 84

Nhén xét: Hau hét nbt tap trung nhiéu & thuy dwéi hai phdi, cac phat hién ting cao & MIP10 & ca hai bac

s, gidam & cac MIP con lai.

Bang 5. Panh gia murc dé déng thuén giira 2 béc st

So sanh cap Trung binh BS 1 Trung binh BS 2 Hiéus6 TB

BS1 véi BS2 (+SD) (+SD) (1-2) P
MIP O 1,97+1,0 1,95+0,9 0,026 0,786
MIP5 3,18+1,5 3,18+1,3 0 1
MIP10 3,31¢1,5 3,28+1,5 0,026 0,786
MIP15 2,23+1,1 2,15+1,0 0,077 0,083

Nhén xét: Gitra hai bac si doc phim, gia tri trung binh sb lwong nét phéi phat hién duoc & cac mirc MIP
(0, 5, 10 va 15) kha twong ddng, va cac gia tri p déu > 0,05.

Béng 6. So sanh két qud phat hién tén thuong nét phéi gitka MIPO, MIP5, MIP10 va MIP15 ctia Béc sisé6 1

So sanh cip MIP Trung(:isn[I;)MlP A Trung(l;isng)mw B Hié(: _stB‘))TB o
0V6i 5 1,97+1,0 3,18+1,5 1,2 <0,001
0 v6i 10 1,97+1,0 3,31+1,5 1,3 <0,001
0 v6i 15 1,97+1,0 2,231,1 -0,25 0,086
5 v6i 10 3,18+1,5 3,31+1,5 0,12 0,168
5 v6i 15 3,18+1,5 2,23+1,1 0,94 <0,001
10 véi 15 3,31+1,5 2,23+1,1 1,0 <0,001
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Nhén xét: S6 lwgng ndt phdi trung binh phat hién dwoc tang rd rét khi chuyén t MIPO sang MIP5 va
MIP10, v&i sy khac biét cé y nghia thdng ké (p < 0,001). Gitra MIP5 va MIP10 khdng cé sw khac biét dang
ké, trong khi sé lwgng nét phat hién & MIP15 gidm so véi hai mre nay (p < 0,001).

Bang 7. So sanh két qua phét hién tén thuong nét phéi gicka MIPO, MIP5, MIP10 va MIP15 ctia Béc sTsé 2

So sanh cip MIP Trung(l;isng)MlP A Trung(ZiSn[l;)MlP B Hié(i_sBé)TB p
0véi5 1,95+0,9 3,18+1,3 -1,2 <0,001
0vei 10 1,95+0,9 3,28+1,5 -1,3 <0,001
0véi 15 1,95+0,9 2,15+1,0 -0,20 0,16
5v6i 10 3,18+1,3 3,28+1,5 -0,10 0,253
5voi 15 3,18+1,3 2,15+1,0 1,02 <0,001
10 voi 15 3,28+1,5 2,15+1,0 1,12 <0,001

Nhén xét: Két qua so sanh cho thay sb lwong nét phéi phat hién tang rd rét khi sir dung MIP, dac biét & cac
mirc 5 mm va 10 mm so v&i lat cat méng ban dau. Hiéu qua phat hién gitra MIP 5 va 10 mm twong dwong nhau,
khong cé khac biét cé y nghia thdng ké. Ngwoc lai, khi tding d6 day 1én 15 mm, sb nét phat hién giam dang ké

b2m10luongtonthuong

1 2 3 4 5 6 7

b1m10luongtenthuong
Biéu dé 1. Biéu dé phan tan va duong héi quy tuyén tinh ctia 2 BS doc phim véi MIP 10

Nhén xét: Biéu dd cho thay mdi twong quan tuyén tinh chat ché gitra sé lwong nét phdi phat hién duoc &
MIP10 gilra hai bac si doc phim. Hé sb xac dinh R2 = 0,866 chirng té sy twong quan rat manh, voi phuong
trinh hdi quy tuyén tinh y = 0,18 + 0,94x— Tinh 13p lai cao

3.3. Theo ddi nét

Bang 8. S phét trién theo thoi gian ctia nét phéi (n = 16)

Tinh chét n (%) S6 lvong Kich thwéce Kich thwée sau Thei gian
° nét (n;%) ban dau (mm) theo déi (mm) | theo déi (thang)
2(12.5) 5 8 12
3(18.7) 4 6 8
i N 5(31.2) 4 9
NOt phat trién 16 (12.4)
4 (25.0) 4 7 6
1(6.2) 5 10 12
1(6.2) 5 8 18
Nét khong phat trién 113 (87.6) Khéng déi Khéng dbi Khéng ddi

Nhén xét: qua theo ddi chi cé 16/129 nbt phat trién & 7 bénh nhan, trong dé cé 5 nét trong 7 thang da
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tang gép d6i kich thuwéc, 1 nbt sau 1 nam tang gap
déi kich thwée, con lai tang l1én khoang 1,5 1an kich
thwde. Thoi gian theo déi 6-12 thang.

IV. BAN LUAN

Két qua nghién clru cla chung t6i cho thay ky
thuat MIP giGp cai thién rd rét kha nang phat hién nét
phdi nhd (<5 mm), d&c biét & cac mirc tai tao 5 mm
va 10 mm. Piéu nay phu hop véi co ché ctia MIP khi
tich hgp cac voxel cé ty trong cao, lam tang twong
phan gitra ndét phdi va nhu mé xung quanh, tr dé
gitp céac tén thwong nhé tré nén dé nhan dién hon.

Két qua nay twong ddng véi nhiéu nghién ciru
trwdc day. Valencia R va cdng sy (2006) ghi nhéan
MIP10 c6 d6 nhay cao nhét trong phat hién nét
nhd[4], trong khi Zheng S. (2020) ciing cho thay do
nhay tang dan khi tdng do day MIP tir 1 dén 10 mm,
sau dé gidm khi d6 day lén hon[5]. Diéu nay giai
thich vi sao trong nghién ctru ctia chung t6i, MIP15
lam gidam sé lwong nét phat hién do hién twong
chéng hinh, gay che Iap cac nét nhé.

M6t diém dang chu y 1a mac du MIP cai thién kha
nang phat hién, nhung khéng lam thay déi dac diém
hinh thai ctia nét. Pa sb cac nbt trong nghién ctru cé
bé&r déu va phan bd ngoai vi, pht hop v&i cac nghién
clru trwdc day vé nét nhd, trong dé dac diém hinh
thai thwong it co gia tri phan biét lanh — ac tinh khi
kich thwéc <6 mm.

Do ddng thuan cao gitra hai bac si doc phim trong
nghién ctru (p>0,05 & tAt ca cac mirc MIP) cho thay
tinh 13p lai va do tin cay cao cua ky thuat nay, dac
biét & mirc MIP10, noi ¢ twong quan tuyén tinh rat
manh gilra hai ngwoi doc (R? = 0,866).

M6t phat hién quan trong clia nghién ctru la trong
qua trinh theo déi, c6 16/129 nbt (12,4%) tang kich
thwdc, trong d6 mot sbé ndt tang gap ddi trong thoi
gian tir 6-12 thang va dwoc xac dinh la tén thwong
4c tinh ho&c tién ung thw. Diéu nay nhan manh réng
ngay ca cac nbt nhd dwdi 5 mm, vén thwong duoc
coi la nguy co thap, van co thé tién trién va mang y
nghfa lam sang quan trong. Két qua nay phu hop
v&i nghién ctru Ocafa-Tienda va cong sw (2024) cho
thay cac nbt phdi ac tinh thwéng cé xu huéng ting
trwdng nhanh hodc tang trwdng khong tuyén tinh
theo thoi gian, trong khi nét lanh tinh thuwdng én dinh
hodc tang trwéng cham[6]. Ngoai ra, khuyén cao
cua Fleischner Society (2017) va NCCN (2024) ciing
nh&n manh vai trd cta theo déi dinh ky déi véi cac
nbt nhd, d&c biét & nhixng bénh nhan cé yéu té nguy
co[7,8]. Viéc st dung MIP trong thwc hanh 1am sang
khoéng chi gitp phat hién sém ma con gép phan theo
déi chinh xac sw thay ddi kich thuwéc theo thoi gian.

Tuy nhién, nghién ctru con moét sé han ché nhw
c& mau con nhd va chwa phan tich sau cac yéu té
nguy co lam sang. Ngoai ra, viéc do kich thuéc nét
nhd van cé thé chju anh hwéng bdi sai sé chii quan
gilra cac nguw&i doc.

V. KET LUAN

Ky thuat MIP cai thién dang ké kha nang phat hién
nbt phdi d&c <5 mm so v&i anh CLVT théng thwong.
MIP5 va MIP10 1a cac murc tai tao toi wu, trong do
MIP10 cho hiéu qué cao nhat. MIP15 lam giam kha
nang phat hién do hién twong chdng hinh. D dong
thuan gitra cac bac si cao, khang dinh tinh tin cay
cta phwong phap. Bang chu y, mét ty 1é khong nhé
cac nét nhé (12,4%) co tién trién kich thwdc trong
qua trinh theo doi, trong dé co cac trid'ng hop ac tinh
hodc tién ac tinh, cho thy y nghia lam sang quan
trong cua viéc phat hién sém va theo doi dinh ky.
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