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UNG DUNG HIEU UNG DOPPLER TRONG CHAN POAN HINH ANH

NGUYEN TUAN VINH?, V0 BA DUNG"",
TRUONG THI MAI HUONG?, NGUYEN THANH DUNG!

Tom tit

iéu 1tng Doppler (hodic dich chuyén Doppler) la sw thay doi tan sé
Hcda song (séng co hoc, séng dién tir, anh sdng) khi nguon phdt song

va mdy thu séng chuyén dong twong doi véi nhau. Tan sé thu dwoc
cao hon khi nguén phdt va mdy thu lai gan nhau, va thap hon khi nguéon phdt
va mady thu roi xa nhau. Ung dung hiéu ting Doppler trong siéu am lan dau
tién dwoc gidi thiéu vao nhitng nam 1980 va ké tir dé ky thudt néy ngay cang
diroc mé rong va phdt trién. Bai viét nay gici thiéu nguyén Iy vdt Iy trong g
dung ciia hiéu iing Doppler dé do dong chuyén déng ciia hong cau trong mach
mdu va trong tim nham danh gid chinh xdc vé lwu lwong mdu, hwéng dong
mdu, vdn toc dong mdu tai bat ky diém nao, tir dé xdc dinh cdc bénh 1y, ton
thuong tim mach.

Tir khod: Hiéu ikng doppler; Siéu Gm Doppler; diau do Doppler, dong mdu.
Abstract

The Doppler effect (also Doppler shift) is the change in the frequency of a wave
(mechanical waves, electromagnetic waves and light) in relation to an observer
who is moving relative to the source of the wave Compared to the emitted
frequency, the received frequency is higher during the approach, identical
at the instant of passing by, and lower during the recession. The application
of Doppler effect in ultrasound was first introduced in the 1980s and since
then this technique has expanded and developed. This paper provides the
introduction to the physical principles and application of Doppler ultrasound
to medical image diagnosis. The Doppler effect in diagnostic imaging can be
used to study blood flow, that provides the informations: presence or absence
of flow, direction and velocity of blood flow.

Keywords: Doppler effect; Doppler ultrasound; Doppler transducer; Blood flow.

1. Mé dau mot nguoi dung & canh duong sat cho tau thi s&
nghe thay tiéng coi tau thay d6 cao tang 1én khi
tau dén gan va nghe tram di khi tau roi xa. Day

chinh 12 mot hiéu tmg Doppler d6i vi song

Hiéu tmg Doppler 1a mot hién tuwong thu
vi va phd bién trong tu nhién. N6 xay ra doi

vé6i ca séng co hoc 1am soéng dién tir (séng anh
sang). Mot vi du vé hiéu tng Doppler la: khi
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am. Nguyén nhan cta hién tugng nay 1a do:
khi ngudn di chuyén vé phia nguoi quan sat thi
tan sO clia s6ng 4m sé& tang 1én va khi ngudn di
chuyén ra xa nguoi quan sét tin s6 giam. Ung
dung hiéu tng Doppler trong siéu 4m lan dau
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tién duogc gidi thi¢u vao nhitng nam 1980 va
ké tir ¢6 k¥ thuat nay ngay cang dugc mé rong
va phat trién. Bai viét nay gi6i thiéu nguyén ly
vat 1y cua ing dung hiéu tmg Doppler d6i v6i
song siéu am dé xac dinh chiéu, van tbc dong
h6ng cu trong dong mach, tinh mach va tim
gitip chan doan tic hep dong mach, hep van
tim, suy gian tinh mach va hé van tim.

2. S6ng Am va séng siéu am

Soéng co hoc 1a nhitng dao dong co hoc

Am trdm Pong vat
20HZ‘ 20kHZl
Ha am Am thanh

lan truyén trong cac méi truong dan hoi. Trong
d6 cac song co hoc c6 tan s f tir 16 Hz dén
20 kHz duoc goi 1a song am. Trong cac moi
truong c6 tinh dan hoi cang cao thi song 4m
lan truyén cang dé dang (t6¢ d6 lan truyén cang
nhanh). Siéu 4m 14 mét loai song 4m c6 tan s6
16n hon 20 kHz (hinh 1). Tai nguoi binh thuong
khong thé cam nhan dugc siéu am, nhung mot
s6 loai dong vat c6 kha ning phat ra va cam
nhan duoc siéu am.

Y khoa

l 2MHz 200MHz

e o )

Hinh 1. So dé thang tin sé séng Gm.

Séng siéu 4m co nhiéu ung dung quan
trong trong khoa hoc, k¥ thuat, trong cong
nghiép, nong nghiép, giao thong van tai ....
Nhung tng dung quan trong nhat ciia siéu 4m
1a chan doan va diéu tri trong y hoc.

3. Hiéu @rng Doppler d6i véi séng Am

Hiéu ing Doppler 1a mdt hién tuong vat
ly, dat theo tén cua nha bac hoc Ao C. Doppler.

A

a
n

e
B

Hiéu tmg Doppler (hinh 2) 14 hién tuong: néu

ngudn S phét song am tan so f thi thi may thu

(ngudi A va ngudi B) s& thu duoc 4m c6 tan so:

i) Khong thay d6i (f = f, = 1) khi ngudn S
ding yén;

i) Giam (f, <f) khi ngudn S roi xa mdy thu A;

ii1) Tang (f, > f) khi ngudn S lai gan may thu B;

a9

%%%

fs<f fa>f

Hinh 2. Hiéu trng Doppler doi véi séng am.

Truong hop tong quat ca ngudn phat va may thu déu chuyén dong thi tan sd f, may thu

nhan dugc xac dinh boi cong thuec:
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viv,

fT—V+VNf (1)

O day: v 1a van tdc phat ngudn phat, v,
la van toc may thu, v 1a van toc song am, f la
tan s6 4m do ngudn phat ra. Dau (+) hodc (-)
ducrc xéc dinh theo nguyén tic: ra xa f, giém
lai gan f, tang. Phuong trinh (1) cho thay néu
Xac dlnh duoc van toc clia s6ng 4m v, van toc
cua may thuv,, tan s6 Am mdy thu nhan duogc
f, va tdn s6 do qguén phat ra f thi c6 the xac
dinh dugc van toc v cua ngudn phat song.

Hi¢u img Doppler véi phuong trinh dinh
luong (phuong trinh 1) da duoc ung dung dé
xac dinh chuyén dong ctia hdng cau trong mach
mau va tim bang k¥ thuat siéu dm Doppler
(k¥ thuat vuot troi hon phuong phap si€u am

&/

dong
mau

thong thuong), dua trén nguyén ly vat ly dugc
trinh bay sau day.

4. Co sé vat ly ciia ky thuit siéu am
Doppler khio sat dong chay ciia hdng cau

K¥ thuat si€u am Doppler 1a mot xét
nghi¢m khong xam 14n, c6 thé duoc st dung
dé khao sat chuyén dong cia mau va danh gia
luu lugng mau trong dong mach va tinh mach.
Bo phan chinh cua k¥ thuat siéu am Doppler
la mot dau do (hinh 3). Pau do phat song siéu
am tan so f. Song siéu 4m truyén dén gap cac
té bao hong cau trong mach thi bi xa nguoc tré
lai v6i tan 6 f_s& dwge dau do thu lai (hinh 3).
Do dich chuyén tan s6 Af = f - f(duoc goila
d6 dich chuyén Doppler) duoc xac dinh nho
bd xtr ly ciia may vi tinh.

S
f
/1

\ @ @
dong o® o (

mau @ o>

Hinh 3. Nguyén ly lam viéc cua siéu dm Doppler khdo sdt

chuyén dong ciia hong cau trong mach mdu.

Hinh 2 1a so dd x4c dinh d6 dich chuyén
tan sd cho hai truong hop: a) dong mau di
chuyén nguoc hudng dau do tao ra d6 dich
chuyén Doppler 4m (Af < 0); b) dong mau
di chuyén cung hudng dau do tao ra d6 dich
chuyén Doppler duong (Af > 0). Do dich
chuyén Doppler Af dugc ddu do va may tinh
xac dinh chinh xac. Dau cua dich chuyén
Doppler cho biét:

i) Bo dich chuyén Doppler am (Af < 0),
thi dong hdéng cau di chuyén ngugc hudng
dau do;

ii) P9 dich chuyén Doppler duong (Af >
0), thi dong hong cau di chuyén cing hudng
dau do;

iii) Do dich chuyén Doppler bang khong
(Af = 0), thi hong cau dung yén.

Van tdc cua dong hong ciu trong mach
mau duoc xac dinh tir phuong trinh Doppler:

2v,, cosd

A =———], (2)

& day v 1a van tdc song siéu 4m trong mo
mém (1540 m/s), v, 1a van tde dong mau, va
0 = gbc gilra chum séng si€u am Doppler va
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hudng dong mau (goc siéu am). Phuong trinh ~ dé thé xac dinh:
(2) cho thdy: d6 dich chuyén Doppler Af ty 1¢
thuan véi toc d6 dong méau v,,- Co nghiala van
tbc dong mau 16n s& tao ra tin d6 dich chuyén i1) Dong mau chdy nhanh hay chim;
Doppler 16n va nguoc lai van téc dong mau
thap tao ra d6 dich chuyén Doppler nho. Tir

1) Dong mau c6 chay hay khong.

ii1) Van toc ciia dong mau.

phuong trinh Doppler, van tdc v,, cua dong 3. Vai tro cia goc siéu am 0
mau dugc xac ginh boi phuong trinh sau: May siéu am c6 thé tinh toan do dich
V = —A A A A 3 r A
YT 2 cosO \f (3) chuyén Doppler trén mdt pham vi goc rong.

Phuong trinh (3) chi ra ring: hiéu tng Nhung tin hiéu siéu am phu thude vao goc siéu
Doppler d6i voi song siéu am c6 thé dugc tng  am 0, 13 goc hop boi gilta chum tia Doppler
dung khao sat dong chuyén dong cua hong cau  va huéng dong mau trong mach.

Aﬁ A o v~ A
2

J&’
st
() Ses- =& Se2e )

Hinh 4. So dé minh hoa dj lén ciia dp dich chuyén Doppler thay déi theo géc siéu am.

Trong qua trinh siéu 4m Doppler mach tin hiéu dich chuyén Doppler 16n nhat tng
mau, d6 nhay cua mdy phu thudc vao cudng  véi géc @ = 0° (ing véi chum séng siéu song
do ctia chum siéu &m phan xa. Khi cuong 0 song véi dong mau). Didu nay khong kha thi
cua chum séng si€éu am phan xa nho dén mot
gia tri nao d6 thi dau do khong thu duogc tin
hi€u va may siéu am khong con xac dinh dugc
bat ky thong tin gi vé dong mau. Hinh 4 13 so
d6 minh hoa d¢ dich chuyén Doppler thay doi
khi goc siéu 4m thay d6i: Goc siéu 4m cang
nho thi tin hiéu dich chuyén Doppler cang
16n. Céc tin hiéu rat nho dugc tao ra khi goc tin c@y. Tranh str dung cac goc 16n hon 60° va
siéu Am tién t6i goc 90°. Déi vé6i tde @ dong  luu ¥ khong 6 tin hidu dich chuyén Doppler
khong doi v, gl tri cuc dai cua cosd s€ cho ¢ goc 0 = 90°.

trong thuc té. Khi 0 = 90° (dong mau vudng
gbc voi chum tia séng siéu am) thi khong co
tin hiéu dich chuyén Doppler. Trong thuc té,
khi thyc hién do luu lugng mau, goc si€u dm
0 trong khoang tir 30° dén 60° 1 phu hop dé
dam bao tin hiéu dich chuyén Doppler déng
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4. Cac loai siéu am Doppler
4.1. Siéu am Doppler lién tuc

Trong siéu am Doppler lién tuc (CW
Doppler), song siéu &m dugc phat ra lién tuc

GOom ap di¢n phat
song siéu am

tir ddu do va sy phan xa cuia cac séng nay duogc
phén tich lién tuc. Pau do siéu 4m Doppler lién
tuc gém 2 tinh thé (hodc gém) ap dién: mot
bén phat ra song siéu am, mot bén thu song
phéan xa (hinh 5).

GOm ap dién
thu séng siéu am

Dong hong cau

Hinh 5. So' dé céu tao va hoat dpng ciia dau do siéu am Doppler lién tuc.

Vi phét, song thu song va phan tich tinh
toan do dich chuyén Doppler lién tuc nén siéu
am Doppler lién tuc c6 thé do duoc van téc
dong méu rat 1on, pht hop nhit véi siéu am
tim. Nhuoce diém 1a khong ghi duoc toe do
hdng cau tai mét vi tri xac dinh.

4.2. Sieu Am Doppler xung (PW)

Pau do siéu am Doppler xung chi c6 mot
tinh thé (hodc gdm) ap dién phét ra séng 4m
ngit quing, dimg mot luc nhan séng phan hdi
rdi lai tiép tuc phat (hinh 6). Doppler xung c6
thé phan tich song dm phan xa tor mot vi tri cu

Gom 4p dién
vira thu vira phat
song siéu am

Hinh 6. So dé ciu tao va
hoat dong ciia diu do siéu
am Doppler xung.

thé. Cho nén né ¢ kha nang xac dinh van tde
hong ciu tai ting vi tri (doc theo mot duong
Doppler) (hinh 7). Vi siéu am Doppler xung
gtri va phan tich séng am mot cach dat quang,
tuan ty. My siéu am duoc lap trinh dé bo qua
tat ca cac tin hiéu, ngoai trir nhirg tin hiéu
phan xa tir mot thé tich mau (V) ¢ d6 sau nhat
dinh (hinh 7). D6 sdu co thé dugc xac dinh vi
tbc do siéu am khong doi trong co thé. Nguoi
van hanh chi dinh noi can thuc hién phép do
bang cach di chuyén thé tich mau (V) doc theo
duong Doppler (hinh 7).

Dong hong cau
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DPuong Doppler

Mau Doppler —__

Hinh 7. So dé hoat dpng ciia siéu am Doppler xung.

Tuy nhién, Doppler dang xung cin ¢
thoi gian dé phan tich song 4m phan xa. Piéu
nay lam giam van toc t6i da c6 thé do dugc
bang siéu 4m Doppler. N6i chung, siéu am
Doppler xung khong thé do chinh xac van tc
dong hong 1én trén 1,5 m/s.

4.3. Siéu Am Doppler mau (CDI)

Siéu 4m Doppler mau thyc chat 1a siéu
am Doppler xung nhung lay thong tin tir nhiéu
diém (nhiéu cong) khac nhau, gdm c6 nhiéu
duong tao anh, trén mdi duong co nhiéu diém
tao anh. Doppler mau lay mau ddng thoi nhidu
vi tri doc theo dudng quét va xac dinh van tdc
ctia timg vi tri. Nhitng van tc nay sau d6 duoc
“m3 héa mau” bang cach sir dung ban do mau
trong d6 cac mau cu thé duoc st dung dé thé

Nha

Chay vé phia dau do

hién cac van toc cu thé (hinh 8). Theo quy udc,
dong chay di chuyén ra xa dau do ¢6 mau xanh,
lai gan dau do ¢6 mau d6 (hinh 9 va hinh 10).

Dong chay ctia hong cau trong co thé co
hai dang khac nhau 14 dong chay 16p (tang):
khi cac dong chay cung hudng va van téc nhu
nhau (hinh 11a) va dong chay rbi (cudn xody)
xay ra khi dong chdy bi xao tron tao ra cac
x04y, do hep mach hoac c6 trao nguoc (hinh
11a). V6i dong chay roi, mot sb té bao mau di
chuyén rit nhanh va mot sb thi di chuyén rat
cham hoac quay nguoc trd lai (hinh 11b). Hinh
12 1a so dd vé& dong chay 16p & nhitng doan
mach, van tim binh thuong va dong chay rdi
0 nhitng doan mach, van tim hep dugc phat
hién biang siéu am Doppler xung hay siéu 4m
Doppler mau.

Nhanh

Chay ra khoi dau do

Hinh 8. Thang do Doppler mau mé ti hwéng dong chdy va vin toc twong doi.
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Pong mach
vong cung 7

Pong mach
phan doan

bong mach
than chinh

bong mach
thuy gitra

Hinh 10. Siéu am Doppler mau cho biét hwéng dong mdu thoi ky dau tam thu.
Phan 16n dong chay ctia hé tim-mach (bao  16p ¢6 vén toc vao khoang 5cm/s dén 20cm/s
gdm tim va cac mach mau 16n) 13 dong chay  va hiém khi c6 van téc 16n hon 1m/s.

DBong mach binh thuong Van tim binh thuong
S :

Ly ¥

=

L
Pong mach hep Vaﬁ t;m hep
a b
Hinh 11. Dong chay lop tai nhitng doan mach, van tim binh thwong va dong
chdy réi 6 nhitng doan mach va van tim hep.
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Dong Tin hiéu Dich chuyén
hdng cau siéu am Doppler
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Hinh 12. Phdt hién hep dong mach va hep van tim bang siéu am Doppler xung

hay Doppler mau.
Dong
trao ngugc
Van
- tinh Van
mach Dong hai 14
trao nguoc
a b

Hinh 13. Hé van tinh mach chi dwdi (a) va ho van tim 2 la (b) khi cé dong trao nguoc.

Dong chay rbi xuét hién khi co sy tic
nghén mach hoac hep van tim ngén chin dong
chay, 1am cho hong cdu chuyén dong hdn loan,
khong cung hudng, tao nén vo s dong xody
va tang van toc dong chay. Tac nghdn ning,

20| 56 32 nam 2023

véan tbc dong hong ciu c6 thé 1én téi 7m/s.
Nhu vay, néu tin hiéu siéu 4m cho théiy van
téc dong mau khong ¢ nhidu loan va c6 do
16n trong khoang (5cm/s dén 20cm/s) thi chan
doan khong c6 hep dong mach hay hep van tim.

Hinh 14. Hinh
dnh siéu am
Doppler mau cho
thiy: a) C6 trao
nguwoc o van 2 lda
(co ho van 2 la).
b) Co trao nguoc
ovan 3 lda (co ho
van 3 la).



Hinh 15. Hinh danh siéu dm tinh mach chi dwoi: a) Khong co trao ngwoc ¢ van tinh
mach (van tinh mach khong ho), chédn dodn khong coé suy gian tinh mach; b) Co trao
nguwoc 0 van tinh mach (bi ho van tinh mach).

Khi van toc vuot qua gi6i han nay thi
kha nang c6 hep dong mach hodc hep van tim.
Ho van tim va suy gian tinh mach chi dudi cé
thé dugc phat hién nho siéu am Doppler mau.
Binh thuong, mau tir chan chay vé tim theo
mét chiéu dudi sy hd tro cia cic van trong
tinh mach (hinh 13a). Khi c4c van tinh mach
suy giam chirc ning thi trong tinh mach xuét
hién cac dong trao nguoc (hinh 13a). Tuong
tu, bénh ho van tim cling tao ra cac dong trao
nguoc tai van 2 14 (hinh 12b) hodc van 3 14. Khi
am Doppler mau dua mau sic c¢6 thé chan doan
duoc bénh ho van tim va suy gian tinh mach.
Hinh 14a va 14b cho thiy c6 su pha tron mau
trong hinh anh siéu am Doppler, ching t6 ¢
day d3 co 2 dong hong cau chay nguoc chiéu
nhau, tirc 1a da co trao nguoc. Nén chan doan
hd van 2 14 va hé van 3 14. Hinh anh si€u am
Doppler mau tinh mach chi duéi (hinh 15a)
cho thay chi c6 mot mau xanh, chimg to dong
hong cau chi chay theo mot chiéu (khong cé
trao nguoc) tai van tinh mach, nén chan doan
khong c6 suy gian tinh mach. Hinh 15b cho

théy ¢6 1an mau xanh trén vao cung mau do,
ttrc 12 ngoai dong hong cdu chay lai gan dau
do (mau do) con cd mot dong mau chay ngugce
lai (mau xanh). Nhu vay la co trao nguoc tai
van tinh mach. Nén chan doan c6 suy gidn
tinh mach.

5. Két luan

Hiéu ung Doppler cho phép xac dinh
huéng va véan toc cia mot ddi tugng chuyén
dong. Dya vao dic diém nay cua hleu ung
Doppler d6i voi song siéu 4m 6 tan sb trong
khoang (2 MHz dén 20 MHz), k¥ thuat siéu 4m
Doppler ra doi. Trong do, c6 siéu am Doppler
xung va siéu 4m Doppler mau c6 thé x4c dinh
duoc chiéu, tbe do dong héng cau trong mach
mau va tim. Hai k¥ thuat siéu am nay cho phép
xéc dinh dugc chuyén dong rdi cua dong mau
¢ dong mach va tim, gitip chén doan hep dong
mach va van tim vdi do chinh xac cao. Si€u am
Doppler mau con x4c dinh dugc dong mau trao
ngugc ¢ van tim va van tinh mach chi dudi,
tir d6 chan doan duoc bénh hé van tim va suy
gian tinh mach chi dudi.
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