NGUYEN TAC CO BAN
CUA SIEU AM TRONG GAY TE VUNG

BS HOANG QUOC THANG



SIEU AM - ECHO

Echo: Than nir sbng tai nui Cithéron (than thoai Hy Lap), do giip Zeus danh
|[ra vo' minh la Hera - Bi Hera trirng phat

Echo khdng thé néi ma chi cé thé 13p lai tiéng cubi cing ma minh nghe dwoc
Vé sau Echo yéu Narcisse, tho san thanh Thespiae, nhwng khéng thé thé 16
tinh cdm bang 1& ndi > chét vi su ndo

CHI CON TIENG ECHO LA CON LAI !!!

Y

Echo va Narcisse, John William Waterhouse, 1903



SIEU AM TRONG Y KHOA

 Ban chat sobng am = di chuyén cla vat
chat
« Trong méi trwdrng vat chat




SIEU AM TRONG Y KHOA

C2 = d6 dan hoi/khoi luong riéng

C = toc dd dan truyén séng am

Phy thuéc dam do va tinh dan hoi clia méi
trrong dan truyén

Khéng khi 2 ¢ = 340m/s = 1250km/h

H,O - ¢ =1500m/s (moi trrong dac
nhwng kem dan hoi)

M& mém = ¢ = 1540m/s



SIEU AM TRONG Y KHOA
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« Tan so f: s6 dinh song/giay. Pon vi Hertz, KHz hoac MHz
« Chu ky T: Th&i gian chu ky tinh bang s, ms hodc ps
« Chiéu dai budc song A




' Chu ky

Thei gian
Tan so = c/A GILy7 S i
1 MHz : 1,5 mm
3 MHz : 0,5 mm
5 MHz : 0,3 mm

15MHz: 0,1 mm  Chidu dai buéc séngA=cif=cxT
50 MHz : 0,03 mm

A

Khoang céch



SIEU AM TRONG Y KHOA
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Ap suat clia séng am ’
1. Yén tinh; 2. Am thanh nghe duwoc; 3. Ap suat khi
quyén; 4. Ap suat am thanh trc thoi



|

Biéndo ’ .
s6ng am 1 Thoi gian

Bién dd séng am tac dong I1&én mdi trwdng khi dan truyén
> Thé hién qua don vi ap lwc (Pascal), toc do (m/s)

Ap Iwc sé ty 1& thuan v&i toc dod truyén am
Hé so ty Ié sé Ia Z = khdi lugng riéng x van toc truyén am

Z duoc goi la tro khang am thanh



SIEU AM TRONG Y KHOA

Trdo khangdm Z=p xc

Pon vi: kg/m3x m/s & don vi Rayleigh

Khéng khi: Z=1,2x 344 =412 Ra

Nuwdce: Z = 1000 x 1500 = 1,5 Mra

Co thé ngudi c6 mat do gan vai nuwdc (trlr cac
thanh phan khi va xwong): Z = 1000 x 1540 =
1,54 MRa



SIEU AM TRONG Y KHOA

DPIEN SONG AM
U = dién thé p = ap lyc song am
| = cwong do dong dién V = van téc hat méi trwvong
P (céng suat dong dién) P (céng suat am)
R = dién tro Z = tr& khang am
U=RxI p=2ZxV
P=UxI M=pxV

Céngsuatam:M=pxV
p la ap lwc séng am (N/m?2)
V la van téc hat méi trwdng (m/s)
N xm J W

Pon vi cia cdng suat am = = - ~
m2xs m2 X s m

Céng suat am thanh = Nang lwong séng am di qua 1 don vj dién tich trong 1
don vi th¢i gian 2 Cwdng dé am thanh (ky hiéu I)




SIEU AM TRONG Y KHOA

Ap lvc songam p = Z x V (v&i V 1a van tdc hat
moi treong)

Khidat 1 ap Il_yc,sc’)ng am cang cao |lén moi
tredng thi van téc hat cua méi tredng cang tang
Cuwong dd dmthanh I=pxV =V2xZ

Do dao déng theo chu ky nén can nhan véi sin?
goc dao déng. Trung binh cua sin?theo chu ky la
Y2

|=%xV2xZ



SIEU AM TRONG Y KHOA

Cwong do song am | = 1000 W/m2

p = 1000 kg/m3; c=1540 m/s; Z=p xc=1,54 X
10°% Ra

V=37cm/s=3,7x102m/s
p=27ZxV =0,55x10° Pascal = 2 atm !l!



SIEU AM TRONG Y KHOA

Méi trwro'ng 1: c1
Séng toi

S6ng phan hoi

b
Ky

Ly

<

¢
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XX

/ / / Moéi trwo'ng 2: c2

Song khuc xa
(xuyén qua moi treong)

o



Ci, £

Séng tai (i)

Séng phan hoi (r)

Séng khuc xa (t)
(xuyén qua moi treo'ng)

Pi + Pr = Pt

Vi+ Vr=Vt



SIEU AM TRONG Y KHOA

Pi=Z,xVi=21xV1

Pr=-2Z,xVr

Pt=2Z, x Vt

Cuwong dod = Ir/li = (Z, — Z,)?/(Z, + Z4)?
Cuwong do = It/li = 4xZ,Z4/(Z4 + Z,)?

Ty sO cla tré khang 4m thanh clia 2 moi tredng
khac nhau cho ta khai niém “twong phan am”



SIEU AM TRONG Y KHOA

Table 4.3 Acoustic Impedance for Specular Reflection
by Acoustic Waves Crossing a Material

Interface”“?& 629,730,763
Impedance Impedance
Body Tissue (kg/m?-sec) Body Tissue  (kg/m’-sac)
Air 400 Liver (25°C) 1.65 x 10"
Lung 1.80 % 0P Blood 1.65 x 10°
Fat 1.39 x 10F Nerve (optic) 1.68 x10°
Aqueous humor —— 1.51 x 10° Muscle 1.73x10°
Water 1.52 x 10° Lers of eye 1.84 x 10°
Brain (25°C) 1.57 x 10° Nylon 29 %10
Skin 1.6 % 10°F Skull bore 7.80 x 10°
Soft tissue (avg.)  1.63 x 10° Enamel 1.71 %10’

Kidney 1.63 x 10° Diamond 6.3 x 107




SIEU AM TRONG Y KHOA

« M6 mém: it cdn am, chum tia sé& di qua dé dang

« M6 xwong, séi: Can am hét sau do khong thay gi

» Khi trong phoi, dwong tiéu hoa: Can am hét sau d6
kKhong thay gi

->Chénh l&ch tré khang am gitra 2 méi truedng quyét
dinh séng am cé bi phan hoi qua nhiéu hay khéng

>Néu chénh Iéch qua Ién, séng am bi phan héi gan
nhw toan bo = Khong thé xuyén qua cac co quan
chtra khi hay xwong



SIEU AM TRONG Y KHOA

PG [fseas o _ o
~ sinBi/sinBt = c,/c,




SIEU AM TRONG Y KHOA

Muwrc cwong do deciBel = thang logarith khi so voi |,
chuan

10 x I, > | ¢6 gia tri 1 Bel (hay 10 dB)
100 x I, > | ¢6 gia tri 2 Bel (hay 20 dB)
10-4 x |, > | ¢6 gié tri -4 Bel hay (- 40 dBel)

Cuwong dd do bang dB = 10log(l/1,)
VD: lp=1mW,; I =1W - |/l, = 1000 - | = 30dB



SIEU AM TRONG Y KHOA

Giam bién dé séng am khi di qua mé



SIEU AM TRONG Y KHOA

I(X) = ly.exp(-a.x) = |, exp (-B.fx)



SIEU AM TRONG Y KHOA

* PO sau/dd phan giai

» S6ng c6 tan so cao = do dai bwdc séng ngan = dd
phan giai tot = it xuyén thau

« Trong mdé mém, a(f) # 1dB/MHz.cm

— S6ng &m 5 MHz dan truyén trong 10 cm (5 cm diva 5 cm
vé) bi gidm di 50dB nhw vay c6 nghia la cwdng do bi gidm
di theo cap 105

— O 12MHz, do gidm séng am la 120 dB va gidm cwdng do
theo cap 102



SIEU AM TRONG Y KHOA
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SIEU AM TRONG Y KHOA




SIEU AM TRONG Y KHOA

&=

“Phan bd” = Diffusion

Phan bd clia séng &m vao cac
Cco quan sé tao ra cac hinh anh
dac hiéu cua co quan twong
rng

Khai niém “giai phau hoc siéu
ém”



Transducer




SIEU AM TRONG Y KHOA




SIEU AM TRONG Y KHOA

C Thay doi tré khang am dot ngot
Hé sO phan hoi R va xuyén thau T
R=(Zy—2)/(Z2 + Z4)
T= 222/(22 + Z1)



SIEU AM TRONG Y KHOA
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Phat séng am Phan hoi

Tiép nhan phan hoi Xac dinh tiéu cy

() ——

Tinh toan tin hiéu

X Iy tin hiéu
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Hinh thanh cac bién (gioi
han md) va chuyéen dang

>

log

Lap lai cac chum
song am khac nhau

Sap xép theo vij tri
khéng gian cac chum song am

Tai dwng hinh anh tw
cac chum séng am




SIEU AM TRONG
Y KHOA — XAO ANH

» Lién quan dén viéc diéu chinh may
— Mtrc d6 phdéng dai qua Ién - Hinh anh qua bao hoa
» Lién quan dén twong tac song am va mo:
— Xao anh do phan hoi: bong am, phan am lién tuc, dudi
sao choi, hinh anh soi gwong, anisotropy
— X:élo anh do khuc xa: tang tin hiéu phia sau, béng cua ria
cau truc
— Xao anh dang thuy phu



SIEU AM TRONG
Y KHOA — XAO ANH

 Bong am

« Khi séng &m gap 1 cau trac qua phan am (khi,
xwong, calci héa, kim loai)

« Vach phan am sé& dwoc thé hién bang 1 hinh anh
phan dm manh trén man hinh va phia sau khdéng cé
hinh anh gi



SIEU AM TRONG Y KHOA - XAO ANH
BONG AM

B




SIEU AM TRONG
Y KHOA — XAO ANH

Phan am lién tuc

Lién quan dén viéc phan hoi lién tuc xay ra nhiéu
lan gilra dau do va mét bé mat rat phan am (thuwong
nong)

Hinh thanh cac khoang thoi gian ma trong d6 séng
phan hoi gia tang do s6 lwvong séng dén — di lién tuc
Pau do sé nhan biét nhw 1 loat hinh anh bé mat
khac nhau

Chudi bé mat xdo anh véi khodng céch tdng dan



SIEU AM TRONG Y KHOA - XAO ANH
PHAN AM LIEN TUC




SIEU AM TRONG
Y KHOA — XAO ANH

» Pubi sao chdi

* Nguyén ly tvong tw phan am lién tuc nhwng cac
hinh anh nam bén trong 1 cau tric c6 tré khang am
qua cao hoac qua thap (vat kim loai, soi, bong khi)

» Loat hinh anh phan &m ma bién dd gidm dan



SIEU AM TRONG Y KHOA - XAO ANH
BUOI SAO CHOI




O T T

SIEU AM TRONG
Y KHOA — XAO ANH

inh anh soi gwong
ién dién 1 cau truc phan am rat gan 1 bé mat

hang rat phan am (co hoanh, vé xwong)



SIEU AM TRONG Y KHOA - XAO ANH

HINH ANH SOI GUONG

A l B
Khdl u that ,




SIEU AM TRONG
Y KHOA — XAO ANH

Anisotrophy

Mot sb cau truc co tinh chat anisotrophy, tirc 1a dac
diem phan am phu thudéc vao hwéng cua chum
sOng siéu am

Tinh phan am sé toi da khi song siéu &m vuéng goc
v&i mat phang phan héi va giam khi géc phan hai bi
cheo

GAc cang chéo, cau truc cang gidm phan am, tham
chi bién mat trén man hinh

Cau truc gan co, nang cla tang



SIEU AM TRONG
Y KHOA — XAO ANH

* Tang tin hiéu phia sau

* =hién dién 1 vung chtra dich

* Mwrc do suy giam cua song am nhin chung trong
cau trdc dich sé giam hon so véi méd dac xung
quanh va sé duwoc tang cwdng do tang khuéch dai
tin hiéu sir dung cho vung khao sat nay



SIEU AM TRONG Y KHOA - XAO ANH
TANG TiN HIEU PHIA SAU




SIEU AM TRONG
Y KHOA — XAO ANH

» Bdng cula ria cau trac

» Thay dbi hwéng ciia chum séng am do khuc xa
sdéng &m qua thanh cla 1 cau truc tron

» Trong vung sau cua khuc xa, khéng c6 séng am
nao hién dién > Khdng cé hinh anh phan am nao
dwoc phat hién



SIEU AM TRONG Y KHOA — XAO ANH
BONG CUA RIA CAU TRUC




SIEU AM TRONG
Y KHOA — XAO ANH

* Thuy phu
« Xac dinh vi tri phan am sai do danh gia sai huwéng di
cua chum soéng am
+ S6ng &m bao gom
— Song phat ra trong huwdng chinh - “thuy chinh”
— SAng phéat ra theo nhiéu hwéng thir phat & ving canh bén
- “thay phu” hay “th phat”
— Phan am cla thuy phu quay vé dau do dwoc phan tich
nhw 1 phan clda thuy chinh va dwoc dat trong hwéng cla
chum séng chinh (twong tw hinh anh soi gwong)



SIEU AM TRONG Y KHOA - XAO ANH
THUY PHU




DOPPLER

- f—f=(2xfxVxcosa)lc
O - fvaf:tan sd song Am (MHz)
- V: van téc dong mau
- C: van tbc truyén séng am trong mé (khoang
1540m/s)
Gia tri f — f' la KHz = vung nghe duoc

DPau do Doppler

B& phan cam nhan \ Dau do phat séng DA
2>
' MO
f f
Géc a ( :
S o H o © 0o 0 o o
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MACH MAU



GIAI PHAU HOC SIEU AM



CAU TRUC THAN KINH

Bao canh
» than kinh

Khoang ngoai
than kinh B6 than kinh

\ Khoang quanh

than kinh




CAU TRUC THAN KINH TREN SIEU AM

Mat cat ngang

Hinh &nh khai tron, tam giac hay oval

Cac n6t nhd mau den = bo soi TK = hinh anh tiéu
dao (Phan am kém)

Mo quanh TK, ngoai TK va mo lien két = hinh anh
sgi trang (Phan am tot)

Hinh anh dang chum nang



CAU TRUC THAN KINH TREN SIEU AM
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CAU TRUC THAN KINH TREN SIEU AM

« Mat cat doc

» Hinh anh dai ruban, nhiéu
|&p chdng Ién nhau voi
cac dai ppén am kém
khong thang (mau den)

» C6 thé co cac dai mau
trang phan am t6t




CAU TRUC THAN KINH TREN SIEU AM

Than kinh quay & cb tay



CAU TRUC THAN KINH TREN SIEU AM

Than kinh tru
Pau do 12 MHz (T) va 22 MHz (P)



CAU TRUC THAN KINH TREN SIEU AM

Cac bién dbi vé hinh anh cta than kinh trén siéu am
Phu thudc vao ty 1& mé lién két

Ré TK _ . -
Ré& than kinh Than kinh ngoai vi

— Hinh anh dang bé don

— Phan am kém O @

— Doppler am

TK ngoai vi

— Hinh &nh nhiéu b6 hon
— Cau truc khéng ddng nhat
— Dang “t6 ong” hay “chum nho”



CAU TRUC THAN KINH TREN SIEU AM

Bong mach
dot song

Céc ré TK (gian co bac thang)

TK gitra (dau do 18 MHz)



CAU TRUC THAN KINH TREN SIEU AM

Poéng mach dui  Than kinh dui

Than kinh dui



CAU TRUC THAN KINH TREN SIEU AM

Than kinh toa



CAU TRUC THAN KINH TREN SIEU AM

C6 thé khéng thay cau tric TK khi gay té

Gay té phan bd (cac I&p mat phang, khoang)

Cau triic TK nam trong cac khoang, sé bi phong bé
khi tiém thubc té vao cac khoang

Cac mdc dwa vao cau truc ké can (co, phic mac
V...V...)



CAU TRUC THAN KINH TREN SIEU AM

Co chéo bung ngoai

====_" Co chéo bung trong
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GIAI PHAU HOC SIEU AM

TINH MACH

- Khdng phan am (echo trong)
- Pong nhat

- C6thé an xep

PONG MACH

- Khdng phan am (echo trong)
- Pong nhat

- Khé an xep

- Tang tin hiéu phia sau

- Co6 nhip dap




GIAI PHAU HOC SIEU AM

J;i;L—

phap
Valsava




GIAI PHAU HOC SIEU AM

Doppler mau va phd mach



GIAI PHAU HOC SIEU AM - DOPPLER

-

- f—f=(2xfxVxcosa)lc
O - fvaf:tan sd song Am (MHz)
: - V: van téc dong mau
- C: van tbc truyén séng am trong mé (khoang
1540m/s)
Gia tri f — f' la KHz = vung nghe duoc

DPau do Doppler

B& phan cam nhan \ Dau do phat song DA
2>
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MACH MAU TREN SIEU AM
VUNG NACH




MACH MAU TREN SIEU AM
VUNG NACH




GIAl PHAU HOC SIEU AM - XUONG

Than kinh dui
Péng mach dui

i CAu truc xuong,
S phan am manh
=== Bong am phia sau

Than kinh quay
(khuyu)




GIAl PHAU HOC SIEU AM - XUONG

Cu Chassaignac
(C6)

RE C6
gay té gian co bac thang




GIAI PHAU HOC SIEU AM — MANG PHOI

TK ngwc  Co.nguclén

Co lién swon .

— ..’- e — ,—"q‘, i

Mang phoi

Xwong swon 3




GIAI PHAU HOC SIEU AM

+ Mang phdi
— Hinh anh trwot mang phoi
— Pudi sao chdi
— Khéng ¢6 “Diém phdi”

Dudi sao chdi



GIAI PHAU HOC SIEU AM

o0 |

“Diém phdi” = diém ndi gitra phdi binh thwdng va vung tran khi (mode M)



GIAI PHAU HOC SIEU AM

11/05/2011 08:44:35
5

Tran dich mang phdi



CAiu truc

Ré than kinh Phan am kém, dong nhat, hinh anh vong Khéng cé hiéu tng
mau trang bao quanh vung xam

Than kinh Khong dong nhat. Khong an xep
Phan am kém v&i mé than kinh
Phan am tang v&i mo lién két

Gan co Phan am tang, c6 thé déng nhat

Can co Phan am tang, dong nhat

M& Phan am kém, khéng dong nhét

Co Phan am kém, khéng dong nhét

Xwong Phan am rat manh, béng am phia sau

Kim Phan am tang, dong nhat, xdo anh dang
vach

Catheter M6t sb catheter c6 phan am

Tinh mach Khéng phan am (echo tréng), an xep C6 hiéu trng

Pong mach Khéng phan am (echo tréng), an khd xep, | C6 hiéu tng
nhip dap, tang tin hiéu phia sau

Dung dich tiém | Hinh &nh bdc tach do dich, hinh anh héng | Cé hiéu (rng

tam

(khi tiem)




KIM GAY TE TREN SIEU AM

Trong mat cat
(In Plane)




KIM GAY TE TREN SIEU AM

Trong mat cat (In Plane)



KIM GAY TE TREN SIEU AM

Ngoai mat cat (Out of Plane)



GIAI PHAU HOC SIEU AM

e Siéu am la khao sat
dong

 Than kinh la cau
truc co hinh dang
6n dinh doc theo
cac chi




NGUYEN TAC THUC HANH

« CHON LUA BPAU DO
— Tuy theo loai gay té thuwc hién
— Pau do thang (5 — 12 MHz), bung (cau trdc sau)
_ Bao v6 khuan bio vé dau do khi gay té



NGUYEN TAC THUC HANH

- DIEU CHINH THONG SO
— Gain tw dong
— Tiéu cw
— Thang xam
— Doppler



NGUYEN TAC THUC HANH

« CHUAN B|
— Trang thiét bi, thudc
— Thudc va thiét bj hoi strc
— Chuén bi bénh nhan (nhin an, béc 16 vung gay té, vo
khuan)
— Gel v0 trung (hoac chat liéu khéac)



NGUYEN TAC THUC HANH

« KHAO SAT
— Xac dinh moc giai phau
— Dinh hwéng dau do
— “Quét” cham va lap lai
— “Thang may” (khao sét than kinh)
— Can biét rd minh di tim cau truc gi?
— Xac dinh cac cau truc giadi phau twong quan
— Tim cau trac than kinh
— K¥ nang t6i wu héa hinh anh
— Po khoang cach so v&i mat da/di kim



NGUYEN TAC THUC HANH

« THU THUAT

— Xac dinh ky thuat di kim

— An than cho nguwdi bénh

— Lubn theo doi hwdng di kim

— Thay toan bd kim/siéu am (In Plane)

— Xac dinh ré dau kim (Out of Plane)

— Ky thuat xac dinh dau kim/boc tach mé

— Hinh anh dung dich tiém vao dw¢i siéu am (khdng co =
nghi ng® vao mach mau)

— Két hop may kich thich than kinh néu can



KET LUAN

Kién thirc can ban vé &ng dung siéu am

Gay té “real-time”

Tam quan trong clia moc gidi phau va giai phau
hoc siéu am

Kién thirc + ky thuat + can trong = An toan !!!



