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Studies on Computerized Ultrasonography (CUS), an Evaluation in

Thyroid Diseases

Makoto Sekimoto

Department of Radiology, Osaka Medical College
(Director: Prof. Hiroaki Akagi)

Research Code No.: 523.2

Key Words:  Ultrasound image processing, Computerized
ultrasonography, Scintigram, Thyroid dis-

ease

Computerized ultrasonography (CUS) of thyroid phantom and thyroid gland was studied and the image by

CUS was compared with scintigram, CT and ECT-images.

Using computer, the transverse sections from the ultrasonic system (B-mode image) were converted to the

coronal sections (C-mode) or the sagittal sections.

In coronal image, the outline of thyroid gland and the location of tumor were clearly and easily recog-

nized, and the thyroids with subacute thyroiditis, chronic thyroiditis and hypothyroidism were more clearly

demonstrated than by 13! scintigram.

In thyroiditis, CUS showed various findings, and combinations of 201T1] scintigram and CUS was useful in

the diagnosis of thyroid nodule.
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AT, M, radioisotope, Xl Kic X B iH
B2MENELSFIHERT, ChbDREED
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Centre) L, zoFEBIZAVvE—T7 1A
EML, & OWEEHIER S RS e
£+ L.

FEEELY = 7 BT EERBEREER (K
ZHY = 7HAR SAL-10A) r, HEELTW5
7Y =X+ =z=y b (FM-0IA) %{ER L.

IVC oF B A5 Ao CPU X Data General
#H Eclipse $/200%, ZRiEsc s 32K ZE©, WCS

(Writable Control Store) A3ffJ@E L, #hiiEciiads
BL LTRSS + A 73 (Diablo ##l series
408, BRT —7 (5935E) RFRLTV5.

BEEO AN DI zhTh—RD 1 v & —
7 = A A (40423EHT, AA 3 == w8 LiigsmE
EAEE (£ + e ERED 2Bl .

FTEER L LTI SAL-10A R 4 » &+ EMI
« CT 5005/12810> IVC {})@d 2 #fEd> CRT %
Hufe.

ZoFE (Fig. D) we=—nally 3 —x—3
y PR LIEBR A = rAFy = vl
B (» rrEXE, Fig. 2) Lz BEBLBE
WRHHEE L L.

Zo CUS X 5 BEHES oL FM-01A
T AD ZEilR Xh, —fE4EsrDF,4vx0
F—2O—@FE LD, 512x 128K T X b i X
+, DMA (Direct Memory Access) # 4 L CTHEE
Bl Lic, 207 — 2%WAT 1+ A 7 s
RE, T e —T2BHL, F—2BELE
DTz Xk b, HEELc128i o HEifE T — x

Fig. 1 General view of an instrument for com-
puterized ultrasonography (CUS)
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Fig. 3 Diagram of system for computerized ultra-
sonography.

ELTHR T+ A2 £ L (Fig. 3), x5
CZDF— 2 %WRT — 7T RS L.

Z D F — 2 B T — 2 OFEFIR T, E
FhHE LRI BHECERT S 2 R oWfEfx
32, AT64MCEE 1.

WifgmE o ks (Fig. 4 L LTE Ak o
el (YD, ZoGEh (XD, Btk (ZHh) &
L, %« O [E3E 3% Wiix -hFh, Y
M, X, Z Wi & ThiEE « i, #R
M, BOAHE A L.
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Fig. 4 Schematic illustration of three orthogonal
sections in CUS

CUS %%/ 1« X 2 ERpFEORECz DkED
TIREEEY MBI D OHERERLE LT7 > Vb A
FAREFCHIEEe, B A= A%, v
= V7B e - T RIEEL, S lem/sec
TITHRIZERE L 1-.

Zr ¥ bFaALELTIT,

i HREEZ » v b & (=28 o e
Biae Ak, FEHBUEERE L iz $ 0.

ii . ff541410mm, 5mm, 3mm, 2mm [SfFEC
ARV O RCEFILich .

iii. FGOp (98, #WIBORED & D, #HPr1/3
Bk Lz b D)

ZHEA L.

3. Uik

RIS EE (B — FiE) kv 4 — & —
Ay 7 PRAKEW LicokBEY A, BEOK
SLRRTHT A 22 U 7R AE < FR R o 4 i R 42
BRI rA N7 4 LACHREL.

HURE CUS B3 BEifis = rad e = v
FRBAFERL, BEOKLMIATHL L L
BT, KBEETS r— 72 EECE T
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BX, ZhimEHRA AN X0 BHA~EWE
lemfsec TITEMIZERL, 1286 o Wi (BT
W) #B. IWE Lz Ofifg X b §idaE
&, FREBREE.

FURIE R AL 2 e ToRERN S E
<l Py o8

4. PRy vF 25 2

i Ui-d5@ 1 >~ v 9% 2 5 (Nuclear Chicago
%, Pho/Gamma HP) LiZEE4ET — 2 AU A
T o (VT o2y 7200, ESEBERTED Th 5.

FIRIR> v 275 203 ™1 % S 50pCi %
PO B 24, ¥ *mTcO,” 1z X B34
i3 2mCi EER20 1 FE L.

2UTT « chloride 1= % 5% g ~ v 275 a0
2mCi #EH, 54, 104, 204, 2RHMCHEfT
1y e

5. ECT rxg CT

kg ECT {4 (single photon emission com-
puted tomography) #{§7%fci, HifHAmEEEEIE
Ex{ER L.

R Uiz 35 1k > v 2 5 Searle -,
PH/GAMMA LFOV (6413%) iR — 2 AL
ByAT A (yvFs2y 71200, BERBLIERTED
TH L BBz v P r—n T w75 885858
Lic.

ECT @7 » v b 2 EEIT *nTcO,~ FH500
pCi/10ml % FA L€ =— L BRREZ » v +
A%ABH L.

R ECT $137=TcO,” 2mCi # {12054
WCHE ¥ WIARLE L, HH%B % 10E 5 2 12360)E
Bz, 17 v—2200EeTiH367 v—2r0
EFCIIE TN R

CDETAB X Y EBROFREEIL T 4+ v x =3
Bk X BRS¢ B X e
&, RRWEEY SBEL, <12 Fy b o
A=y =N UTKEEZ 4 v o iR L,

Xf# CT 11 General Electric ##l, CT/TX2
BAEAL, B¥ESMix 120KVp, 160mA, =5
A A% Smm L UCHEAT L, EERFEAC XD T
HWRE, FREEE LB L.
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6. WAL
FRIEE B & T ks PRIR> v+
7 7 PR LICIER] (Table 1) 13, EHEI0

%, FIRIRBERETUAERE124, InERH i CTIEFRERE

WRRBOBERETUIESE 4 45, FURIRBREBIE TAE 5 4,
R TIEF SRR B O BEBEIE TE 1 4, 18
FURAR % 1845, HAMERIRARSE 5 4, HUIRIRIENRE
64, WEEEPYIEIREIIL, PR 4, B
RERFERT 6 4, FI81BTH 5.

Table 1 Case materials with thyroid disease

i 7 Scinti- |Ultra-

! | ECT ‘ cr |
! | gram _ |sonogram| ™
Normal [ 10 | 10 5 |
Hyperthyroidism | 12 | 12 1 |
Treated hyper- | |
thyroid(Euthyroid) 4 4 1 i
| Hypothyroidism 5 5 2 |
|Tre£| ted hypo- 1 ' 1 5
thyrmd{Euthylmd) |
| Chr. thyroiditis 18 | 18 | 9 3
’. Subacute | |
| thyroiditis 5 S | 3 1
' Struma cystica 6 6 6
! Struma nodosa | 11 11 11 4
| Thyroid cancer | 3 3 | 2 1
Post-operative | |
| thyroid cancer | 6 | 6 | 5[
Toal | 81 | 81 | 45 ! 10 |

iz, *TcO, 1z X % ECT #tf 11 454,
X% CT PEAIZI0LTH - 1o

om. # g
1. FEpEsEE

CUS #2618 bt FRIEZ » v + 2D

b SECTION

Z-SECTION

HAEFEHEREQME $42% Tem

FHEB IR ThoWEE B, R 5k
) BT 5z LTk (Fig. 5).

CUS |z X AF{EEF B Lk (Table 2)
128t e (BEETITRBEGD » 5321, 321364
BopiEwESE (C=—F) ¥Bail, 2hE
I 1 54T0 Bt 3 20 & B L Te.

Table 2 Image processing time of
computerized ultrasonogmphy

1) Axis conversion

Y section (128 frames)......
..X section (32 frames) 46 sec.

Y section (128 frames)...
....... Z section (32 irames) 1 m. 54 sec.

2) Axis conversion |
Y section (128 frames)...... |
..X section (64 frames) 1 m. 20sec,

Y section (128 frames)...
..Z section ((34 irames) 3 m. 20sec.

EbiT, ThLIERT5 KEG (SR
8 #/H TR TR LB 1 D205 EL
y ?

CUS #f@EofEiEs e (Fig. 6) fbito
3mm ¥ CEAITEETH - fe.

WA FRALEBERE CLE7 > v & EB
(Fig. 7) T, #IPE bREDORDKEH
Wi, FlE A EICIET L, PMEHEE 3 R
TG, Fic side-lobe 7 KEFEMIL, wWillE1/34])
BrLicBa T, NS, BB oFEs N
i A ol

ECT BB 77 v 2ER T, 77 v
M A O MRS, BTEEERREMS,  SORETE SR,

E ~rat ‘-I ! ‘lllll

L

X-SECTION

Fig.5 Reconstructed images of thyroid phantom by CUS
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Fig. 6 Needle phantom and image by CUS

Y-SECTION Z-SECTION X-SECTION

Fig. 7 Images of egg by CUS (A: uncooked egg. B.; hard-boiled egg. C: hard-
boiled egg, one third was removed.)
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L X

Coronal
image
Transverse Sagittal
image image

Fig. 8 ECT-images of thyroid phantom.

(Fig. 8) % Bl ithisd L -,

2. [ERSEER

D EFFRBOBEEE (Be— k)

B - FEEIC X 5BEES COERFRERE?
A, mE, [ECHEE %= = — R
(uniform moderate echo area) } L UH§H Xh
y

2) IEX¥PRIRO CUS #

CUS i X % IEH FUIRAR © REMEiRE LB =
— FELRFETH- 1.

WS (Cx— F) TixFRBEEE O ~
v 75 A LRIUE L UCIEE & HE & h,
BEig= 2 — ik & LTRSS L b, X5
CR—E#E i FREkE, $F, e HhE s
h, FREBOX & &, H¥HMERRELESC
BT sz LT :L (Fig. 9).

3) HRIREEE D CUS #

FRRIR B BETUAERE o> B I i A I B 4 (Fig.
10) ZFEAR Licifgfotin 5, =2 — Ah®
RE SR & LU S h.

FIRBRBREE T IE Tk v v 5 7 7 & THRIRIREG:
AR 7z BETH, MENEE (Fig. 11 T
E V=2 — e LT RS 2 B bh
y

8@ FRIR % C ORI RIS <1, HURERPIE

AFREZBEBE SRS #4428 H6 5

Hlﬁ 3 \ .'THYROID
" CARTILAGE

¢ TRACHE

N

THYROID GL

W |

“~CLAVICULA

a h

fe)

Fig.9 Coronal image of normal thyroid gland
obtained by CUS.

a. Ultrasonogram by CUS (coronal image)

b. Sketch of the image Ultrasonogram showed a uni-
form echo and the outline of thyroid gland was
clearly demonstrated.

H THYROID

CARTILAGE

AN

r’I‘R}\C HEA
-

Fig. 10 A case with hyperthyroidism, 30y.o. male.

a. Ultrasonogram by CUS (coronal image)

b. Sketch of the image Ultrasonogram showed a
uniform meoderate echo and the outline of en-
larged thyroid gland was regular.

=2 — L&, THETHRIMOAESRLEL
A

Tt PRI 25 R 2 fl e 5 38 Anc L @R o fE
BBIRY IR & 7 5 7= (Figs. 12, 13),

ey v 75 A THRIBE ORI AHE T
SRRSO (Fig. 14) T, RIEETES
1k D PRS2 N = = — OE\WEEK E LT
#HESh, PRIBOMIELITET S 2 L3 TRET
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1

THYROID GL.
i

b

Fig. 11 A case with hypothyroidism, 76y.0. female.

a. Scintigram

b. Ultrasonogram by CUS and sketch of the image (coronal image).
Ultrasonogram of thyroid gland had low level echo areas.

I -
P THYROID
U carrivace

*~TRACHEA
]
H )
¥

THYROID GL.

Fig. 12 A case with chronic thyroiditis, 28y.0. female.

a. Scintigram

b. Ultrasonogram by CUS and sketch of the image (coronal image).
Ultrasonogram showed a low level echo and non uniforra echo area, and
the outline of thyroid gland was irregular.

Hoie.

JE7aE 5 25 D BRI RS CVRIERG AT, R P s
EDOBGEMH LMY, FOEEP oS
Lo THBM B ER B 2R, £< =2 -2
BB cystic pattern, HIfic == —"% £ 7o
5 solid pattern % @ E4H! mixed pattern
AT E .

JEERZED 5 LIRREENE (Fig. 15) 1k cystic
pattern 22 L, wEHMEFRIRE & FPRIREC

(L solid pattern } mixed pattern % 30whi-. 4
wHRERE (Fig. 16) 1XA#= = — R —T,
W0 L T T, AKRE L > S @Enic
strong echo Z 7z,

ETANC B% & (Table 3) JEEHZE2060 DR
WG T R R BRI L £ T cystic pattern %
2L, REEEPIRIRIREL8H 76 (64%)
solid pattern % FIHRJRIE ClX 3k 2 61 (67%)

|z mixed pattern %3 ih7-.
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“‘“ CLAVICULA

a 5]
Fig. 13 A case with chronic thyroiditis, 40y.o. male.
a. Scintigram
b. Ultrasonogram by CUS and sketch of the image (coronal image).
Scintigram showed a cold area in the right lobe.
Ultrasonogram of the same region had a solid echo area.

LS
|

=
THYROID GL.

A

CLAVICULA
a b
Fig. 14 A case with subacute thyroiditis, 39y.0. female.
a. Scintigram
b. Ultrasonogram by CUS and skeich of the image (coronal image).

Thyroid gland was not showed by '*'I scintigram. But ultrasonogram
showed low level echo areas.

4) CUS & LBREY vF7 5 A M. &2 A C, SPEEPEVWDHO
1™ = X B HIRIR > v+ 7 7 A DEEIT (poor)

CUS #:uafT L, FIRIREoRERAEY i L M. FREEAHECE e olcb o (bad)
7o, CORMBZ LY WEYHET ALY vF ST A
vvFrsar CUS RFifEliEE X Bbh Tix81fI6sH (80.2%) 1w, HBEHE TI1L695
T HRIREE o HERE 2 Rk 03 e o Lic (85.2%) wHIRRA BBl TE -,
(Table 4). RIS RETCHERE 12019 2 fll> CUS {813300%%

1. FRERE A Al LB - b o (good) DIANEE B TR R 8 2 ED - T,
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CAROTID
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TRACHERA

C

Fig. 15 A case with struma cystica (1.5cmx1 cm), 52y.0. female.

a, Scintigram and ECT-image (coronal image).

b. Ultrasonogram by CUS and CT-image (transverse image).

c. Ultrasonogram by CUS (coronal image).

Scintigram and CT-image showed a turnor in the right lobe. But ultrasono-
gram of the same region had no internal echo area and ECT-image had no
cold area in the right lobe.

FUIR AR BB T 5 Bl 2 4, 2k BRI 4% BHE:FRIBEISHID > v 7 5 20T 4 FIH TS
5B 5 Bl Cld s v 7 5 A T RURIR G & Hif Ee co EES VD, CUS BifEm B ik
TERD» I2hy, CUS FIENITEE < RIS B R 2 6] 2R Ui,

I THEETE a) Tl w735 4% CUS 4
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Fig. 16 A case with thyroid cancer (4cm x3 cm), 69v.0. female.

a. Scintigram and CT-image.

b. Ultrasonogram by CUS and sketch of the image (coronal image).

Scintigram showed a cold area in the left lobe and CT-image had high density areas
in low density area.

Ultrasonogram of the same region had a solid echo and strong echo in the

solid area.

Table 3 Results of ultrasonogram by CUS (coronal image).

| No.of cases | Cystic patiem | Solid patem |  Mixed pattem |

Struma cystica | 6 6 (100%) ‘ 5 . N

Struma nodosa | 11% 0 :"' ) _T __(64%j S F—— l_;(_z;% h

Ty gicer | 8 o | @®m | 26
Total i-_—' 20 _l 6 (30%) N | 8 (40%) | 5 (25%)

*# 1 case: non visualization
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Table 4 Comparisen of scintigram ('*'I) and ultrasonogram by CUS (coronal image)

with visualization of thyroid gland.

No. of Scintigram I Ultrasonogram
¢ | Good | Poor | Bad | Good | Poor | Bad
Normal 10 10 0 | 0 8 | 2 0
Hyperthyroidism 12 12 0 | 0 10 2 0
Treated hyperthyroid (Euthyroid) 4 4 0 0 4 0 0
Hypothyroidism 5 0 3 2 4 - 1 0
Treated hypothyroid (Euthyroid) 1 0 1 0 1 0 0
Chr. thyroiditis 18 14 4 0 16 2 0
Subacute thyroiditis 5 0 5 4 1 0
Struma cystica 6 6 0 0 6 0 0
Struma nodosa 11 10 1 0 8 3 0
Thyroid cancer 3 3 0 0 3 0 0
__ Post-operative thyroid cancer 6 6 0 0 5 1 0
Total |8l 65 9 7 69 12 0
(%) 80.2 | 11.1 8.6 1' 8.2 14.8| 0

Table 5 Results of *'T] scintigram.
Early Scinti. Delayed Scinti.
No.of cases |~ —
Positive Negative Positive Negative
Struma cystica 6 0 5} 0 6

Struma nodosa 11 8 3 0 Il ]l
Thyroid cancer 3 2 1 2 1 [

Tl v v 75 8% FifT Lt BEEERZI2060
ic, CUS i X 2@BEWH X7 LHE o @i
et L7e.

Tl v v F 75 AT KR K204 (early
scintigram) L 2 B[] (delayed scintigram) %
#BEF L7z (Table 5),

FIRIRZENE 13 &6 T1 o H5E % B »inh -
oA, RS FRIRIREE © X L1Blh 8 B, early
scintigram 1 T*'TI OEREE o1,

FRIRRE X 3 flirh 2 Bl early 46 X 0% delayed
scintigram T *'T1 oHERELF .

Early scintigram 1 C[Ef#gic °'T1 D 4EH% 7
T8l o P FRIREENE 6 61, ASEH: R IRIE 3 41,
FURIRIE 1 Bk CUS iz X % RN B & <P
INIRPEME T 401 cystic pattern %, FEEIM: IR

BRfEi% solid pattern 1f], mixed pattern 2 {
wade iz, FRIEHE TIX mixed pattern L strong
echo 23FR&E X hic (Table 6),
b) BRI gD v/ 5 4 L CUS &
1Bk ERIRE18FI D > v 5 7 5 AMBE R DOAENE
N L h B L (Table 7),
I8 WBPEIEARM (Diffuse hypertrophy)
I %548l (Mottled hypertrophy)
MTa # A3ExBRA (Multi-defects)
Ib # Bi—/kiAA (Single-defect)
Ic & FHATERER (Local accumulation)
I8 GRBMAETERED 218614 741 (38.9%),
IE CREEH AR 3114 (61.1%) ThD,
ZTD5HTa & (BFRRFRD) 2641 (33.3%),
Ib MW (E—KFER) 234 (16.7%), Ic &
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Table 6 Results of ultrasonogram by CUS in 10 cases (*"'TI negative scintigram).

&

I ‘ No. of cases Cystic pattern Solid pattern ‘ Mixed pattern
Struma cystica } 6 6 0 } 0
Struma nodosa 3 0 1 ' 2 i
Thyroid cancer 1 0 0 1
Total 10 | 6 1 ‘ 3
Table 7 Comparison of ultrasonogram by CUS in chronic thyroiditis.

[ Trregularit Low level Non uniform : T
T _Patem of CUS | o utline’ | echo echo | [jEelidiecholpren
Pattern of scinti;m\ﬁ‘\ B | ¢ B | ¢ B | ¢ B | ¢

o 1 Diffuse :

hypertrophy 3 6 7 7 3 7 0 0
(7 cases) (43) (86) | (1000 | (100) (43) | (100) o co
I Mottled [
hypertrophy
(11 cases)
Ia. Multi-defects 4 6 6 6 4 6 5 [
(6 cases) (67) | (100) | (1000 | (100) 67 | (100) (83) | (100)
Ib. Bingle-defect 2 3 2 3 3 3 2 3
(3 cases) (67) | (100) (67) | (100) | (100) | (100) (67 | (100)
Ie. Local _
accumulation 2 2 2 2 | 1 2 0 1
(2 cases) (100) | (100) | (100y | (1000 | (50) | (100) o (50)
Total 11 17 17 18 11 18 i 10
(18 cases) 61) | (94) | (94) | (100) | (61) | C100) | (39) | (56)
B: Transverse image C: Coronal image
C) %
(RATERED w241 (11.1%) Th-ie. BT R Cixe ke, TR (ABikiE

5 0 FR R 2 DB A %,

i. FRIROREEAE S

ii. E\v= = — VS fE

iii. g% = = — 5

iv. solid echo area DFETE
L.

CUS {§ Copif &G L EMmEEG Tt £4
T61%, 1% GRABHEEARD) i343% LriEd
Bhiehoter’y, Ta B (BRKIFR) & Ta B
(B 4BR) Ti67%, Ic B (FATHEID <
(P& [aer P

KED w86, I1H (MNEFEFMHED wiiLfl
CFDI.

B\ = — LU R R R Tl e fE T4
%, Ib M (B—KEH) 067%LISOLFIci
Buh, BEETEBLE XD,

TG%T: = = — AT BT E G Tl 2k Tel
%, 1% GREHEEAT) i3, la 8B (%
FRARM) w67%, b B (B—-x\EM) £
Bl, Tc B (RAFTHEEED XS0%7R dbhis
A, BIENTES CirefliciRs bhis.

Solid echo area (LifWTliESE T34k T39%,
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Ia & (HFXRIB|H) w83%, Ib M (HE—KH
) 1w67%BDd bhteh’, REEBER CieffT
56%, Ta & (HFKREM) & Ib (B—IIFR)
cefl, Tc B (RETEFED w50%@dic.
5) ECT, X CT L@EES
EEFE 19>\ T ECT L CUS ik
HRTERT RS Co [ERERLHEEY B Lz (Table
8).

Table 8 Comparison of ECT-image and

ultrasonogram by CUS (coronal image)
with visualization in thyroid nodule.

" [No. of ECT | Ultrasonogram |
__|cases |Visualization| Visualization _
oies | 8] 5 | &
Birena 1| 10
e | 2| L |z
Total 19 12 (63%) 18 (95%)

CUS pifakiE®R crriofih18fl (95%) iE
R % i LicowK L, ECT & X A R14EM
B cix1961h1260 (63%) L ERRZE /i
TEith ot

X CT % 7HE(l w BEH L7c2s, [EEREED
BRI X CT, @FE#s ECT gL T
HER T\ 7z (Table 9),

Table 9 Comparison of ultrasonogram by CUS,

CT-image and ECT-image with visualization
in thyroid nodule.

Ultrasono-

n | &

Size of mass gram CT i ECT-
0. (1.5%1.0) | O o | x
H. (0.7%0.6) | o | x

K. (6.0x3.0)
. (2.5%2.5)
K. (2.5%1.0) |
K. (0.7%0.5)
Fa §. (1.0x1.0)
O: Visualization

®: Non visualization

v. 2 =

BEY OEERIGHX19424c Dussik'® 23, ¥
To R HHE R 19504F . Wild' 20 - 35 Uz,
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