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Pediatric CT Practice : Many Aspects and Useful Information for Ideal CT
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Abstract) ' ' 7

| diagnostic reference level (DRL) has been recognized for managing the patient dose in CT.

This review article introduces many aspects of current pediatric CT scan technique. _

The volume coverage speed may be substantially improved by using multidetector CT
(MDCT), which also reduces the need for sedation. The CT unit in the National Center [or Child
Health and Development (NCCHD) uses a TV monitor system during the CT scanning for
comfortable examination. The volume and injection rate of intravenous contrast material is
important for adequate image quality. The FDA has reported potential for serious patient injury
when vascular access devices not designed to tolerate high pressures are used for power
injection of CT or MRI contrast media, and recommends steps to avoid these injuries.

Newer CT units may automatically adjust the tube current for the patient's size with an
automatic exposure controller (AEC).This is a most easy and excellent way to reduce the
radiation dose. Many institutions was a fixed setling of kilovoltage at 120kV. Now the CT unit in
NCCHD is trying to reduce it to 80 kV in 3DCT angiography for diagnosis of congenital heart
disease.

CT dose index (CTDI) has commonly been used as the most specific dose quantity guide
for CT examination because it includes all particular scan parameters such as kV, tube current,
slice thickness, helical pitch, and more. Otherwise, there are only two standard CT dosimetry
phantoms for representative measurement of CTDI in the adult head and trunk. In recent years,

[CRP publication 87 is available and is recommended. This article also includes recent CT cases
in NCCHD, which have suggested some ideas and described technical errors in pediatric
cranial, cardiac, and chest CT examinations.
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Fig.1 Sedation room of National Center for Child
Health and Development (NCCHD) next to
CT and MRI units.

Note that beds and quiet environment are
available next to CT and MRI exam rooms.
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Fig.2 TV manitor system in C
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S

T unit of NCCHD

a : Lateral view of TV monitor.

b : Total appearance of system. Note DVD
player, which is attached at the bottom of
the vertical bar.

¢ : View from head (looking through CT
gantry)
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Fig.3 Example of adequate and excess low dose abdominal CT. 2-year-old female with

hemangioendothelioma.

a : This scan was performed at 120kV, 30mAs as body weight based routine abdominal
contrast enhanced CT. Note multiple round areas of enhancement suggesting a

hemangioendothelioma.

b : 1.5 month after (a), follow-up CT was performed, continued as contrast enhanced
chest CT. The set-up was adjusted for chest CT (120kV, 15mAs), which was thought to
be a small dose for abdominal scan. Vascular lesions in the liver were not

demonstrated clearly.
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Fig.4 Comparison of CT number (HU)

between 80kV and120 kV

This graph depicts the difference in

CT number of the contrast medium
120kV (iopamidol), scanned at 80kV and
120kV.
It is suggested that the density of
contrast material needed for scanning
at 80kV is approximately 1.6 times
higher than at 120kV setting. This
result is thought to show the excellent
advantage of the use of 80kV
scanning.

Fig.5 Difference of image quality of 80kV scanning as compared to 120kV scanning in
pediatric cardiac 3DCT angiography.

a, b :B0kV CT scan was obtained for a seven-day-old male with simple coarctation
of the aorta. Contrast material was manually injected from a peripheral venous
access line. The scan was started from the end of injection without bolus
tracking system. Note the vividness of vascular structure.

c,d:120kV CT scan was obtained for the right aortic arch. The parameter setting
and injection of contrast medium were similar to (a) except for kilovoltage. Also,
this scan was performed with a bolus tracking system. However, visualization
of vessels was not as clear as in (a).
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Fig.6 ImPACT CT patient dosimetry calculator.
Note free software made by IMPACT
group. The manipulation of the software
seems to be easy to understand.
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Table 1 Diagnostic reference level (DRL) for
pediatric CT scan
It was introduced in ICRP publication 87
modified in Japanese'?)

P AR ((:1;];]()}2? (nll)('il_\,:'clfﬂ)
< Ligk 40 300
BHESC T Bk 60 600
105% 70 750
<14 20 200
Ny C T Y 30 400
105k 30 600
<18 30 50
M iy figREC T 5 40 75
104 50 100
< 1% 20 330
FMEHC T 5% 25 360
1065 30 800
15§ 20 170
FIAR - fHEEC T Sk 25 250
1005% 30 500
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AT EN TS (Table 1), = #”LCiShrimpton &
Wall 2000025 L2 6 D &AL T 4
WEEVIMORETHEZLAmML TS, ﬂ'n,
WO B Ni% O DRL & ICRPHI Y & Fblg X 41200,
e. BRBUCEXCTIRE T 7= v 7 S EGEEE
(1) UiiCT
HECTEAN) AL AFy v Eay Ny Y 3FL

AF v VOGRBIRPIETh D, ThEh -—Rimn
HN, HHTEOL —F G RRIs k Wa 5
ERHALS, Fig. 7 (M08 AV EE D AL R S i
Kbt 2 =115 HORRTH 2. WHIEBO Kk
K2 - Z= i IS S A CT o >~ v
g T A F v TR T & -7 (Fig.7 a, b).
3HBEIZT > 2l CTiE A~ AL 2 v ikiT,
S, AR multi-planar reconstruction (1
FMPR) A & hiz. &5 5 AKFEMERCT
TE M PR X h T B (Fig.7 ¢, d) A3,
MPRIZEIN S Th 5 (Fig.7 e, f). #nld 7
F b LAY ATiibhh Tl D MPR A
IREN T EBWAMRETH - 222 8 L,

Fig.7 11-month-old female with suspicion of meningitis. The initial CT (a, b) was scanned at
120kv, 157mAs, conventional technique. It was difficult to detect any abscess on the left
side of the falx. Follow-up CT (c, d) was carried out 3 days after initial CT at 120kv, 148
mAs, helical technique. Note focal fluid collection at left side of falx. A round shaped
subdural empyema was clearly demonstrated on reconstructed MPR images (e, f)
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Fig.8 13 G ) v 2 ERVE s T B ©
B 2KBRTH D, Wik I OZEEOKTH
DIz WAT - 72U~ 1) S L 2 %+ (Fig.8 a, b)
T KNG ERIZEPE O SOL & 5E 5 &0 P
TEO NG A 8 22 B LR 18I e 1 = kol il 3¢
DOCTHIY Ry gt ZF v v Tiio7. il
H&fd CizsizA 2y oL, v
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(Fig.8 c,d). & 2 EAliER O o it & I
Tdh b, CT LIS EEWiL 72, & - & &Fig
T O e s R | 14117 A4 | o o B 1
MZOMENZHG L0 E AN THBH, 3V
NY T a T AF v YOED SR AT dH S
Ead5. LL, Rl ksizarxryy 5+
LAF ¢ 2 EAN) AR UL Y b T 2 b i
HEA R DAY, MR AT T X Aoy, Wiz~ A
LOWENE T v Ry Y g FZETRAA,
K A B Aahi b 4.

(2) LoRIA% CT

ARERECT OS5, & OhieE i Ko
alli= 30 CT angiography O (1% Ab e W2 B4k
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bolus-tracking technology % FIfH4 2 & 235
5, CHEATFOGEMCTIZN LS, ol
Al &AL HME$ 28600 (GO, Mk, 7
0 RIIR 20 &) O RRIERY 20 WERE (CTH) |5
# time-densily curve & LT 7 712l 4% )
= ILEECH S, -2 Edmiici Lk
T & g5 20 o b E LT, #iE
W U e KA CT G R Al T3 4o
CH N B O IE R Ol % TG BRETE A
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T RO 2 4 3 2 &k &SI e
&% % (Fig.9). WA 6 Oliit T, izl
DI 2 me/kgTdH HH, Nibo kS5 28RO
WA I a E R T20%FIERML
BIEAREMEL TIr>TWa, Lid®bolus-
tracking 213 Z O ML 220l A 1 /4~ 1/3 1%
KRR LTV % (Figa).

Lo Liiahed 2 & <80k V TOed /T 4 —
&= L K U724, Koz, Lok
Wz IS < Cmifg it 64 b 228, bolus-
tracking technology Wk AN & 2o 0 EE A 8 5 |

Fig.8

2-year-old male with suspicion of
meningitis.

Initial CT scan was performed at 120kv,
138 mAs with helical technique (a, b).
The images were on 100window wide,
40window level. A Focal round SOL
was seen in the right temporal lobe.
Follow-up CT (c, d) was obtained 12
hours later at 120kv, 212mAs with
conventional technigue (c, d).

It was demonstrated on window wide
80, window level 40. The brain abscess
is more clearly identified than in (a, b).
The reason for such a difference is
unknown, but we trust the conventional
scan much more than the helical.
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AR, FARIR % A 10K L ST O sl e HER]
B oD 4y HERLRS 7 & ORIz 1% D,

& 72l 3 AE O G2 W 3R IR A & w3
L HPEF A MAY (aberrant artery) <2450 2 )
29 P AT OATIE Zr & & il B s b B
Aberrant artery l& KIIRA & W0, & 5V (d)i e
1) oA e B R o ) e AP 51 DT, A
F 4 Ao PERE IR A |45 A B LI &
TROES AN 5, & k! |'§UHHU){J'|5-“ i

Fig.9

Demonstration of bolus
tracking system for ideal
timing of scanning.
One-month-old male,
with suspicion of pulmo-
nary sequestration.
Bolus tracking system
suggested a peak in the
enhancement of the
descending aorta 6
seconds after adminis-
tration.

Fig.10

One-month-old male with suspi-
cion of pulmonary sequestration.
On the axial view, there is a tor-
tuous enhanced vessel in the area
of atelectasis (a).

3DCT angiography demonstrated
an anomalous vessel, which
directly branched from the thoracic
aorta (b, arrow).
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o) a—4F—g 4L, 3DCT(CT-
Angiography) % {1:% U aberrant artery 0117 43§
G TEAUL, B B 2O AT i 3 A g T
% %4 (Fig.9,10). KiIlRH & ML 2 Wik < i A
D KRR IGLAY 00 1 16 LI 23 phihiE 4 it < BE S At
AlOYERTIMAY O KA, CCAM X#E 4 Nlid T2
FfiflL 5 5.

U, XY O KBTI R idbsE, 4
W WERE 3 DO S A b b,

IE MRS O A, PHET, R, e
A, A ARSEI O A A B A
AGia, LRGSO CTOARTWHZ
A MPRIZ & % IHRS Bl R0 . A% A5 3507
HINTH 5 (Fig11). = 2250080 L #4004 5
surface rendering @ 3DCT & i2 Wiy il il A3 550 v,
PN 2 %A% 20 B35 12 tracheal bronchus 28 d
B, ZHUE LGRS 1R O 0 LT
JESH K0 04 5 2T d 0 Lo RS 20 E
Vv, 20 TH & 20U O A2 bridging
bronchus2ids 4. T iE L [ EO &A%
I EAAT L OMNM A & orh L, ik 2 B L
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Fig.11

Various types of 3D reconstructed

images : Coronal images of MPR (a, b),
surface rendering of trachea and lung
(c, d).

8-year-old boy with tracheal stenosis.

Note bridging bronchus, witch was obviou-
sly identified by surface rendering techni-
que (c, d).

Al A5 9 Tdh 5. Pulmonaly sling @
80%IZ G4 5 2 b Tunvg,

TED

ANJEIERRAE D REAR T4 & 2 PN A B < Z b
(ZD&, @, EEAION, A YT arva VY
ik, iWilidi, %EME, CTDI, DLP, DRLIZD
RO ORIGE A B U 7=, & 7= Mo O b it THESR L
PN D F P TR TR Tl & R
L7z, RMZHBPA BREICO0TE, #
WO ARG Bt A7 <At & Bz 2 hizu,

@ik

1) Jack Valentin : @il "~ X L&A+ ¥ 54"
[ICRP Publication87 CTIZ 51} 5 i E# O,
FEFE AN AT A 0 b — 7oz, dost, Aumk
AL, 2004, dii-iv.

2) wrliy W, UDEleE opRSLERE, Qb AR 2938
(O] 1T A/ Y g 2 o v K 2 4 k0 Pedatric
CT Update 2002 - /N OMDCT 2 - /hRD
MDCT : PEBEACIO W HENE. HNGGE 20025 182
154-159.




3)

8)

9)

10)

A EA0m] 0 AVN R e e v Y
AL D NRIZET S KRNI < — RSO
CTIZ20WTC 3 - pROCTHIE S OBUK & it
fl. FlNbGE 2005 5 21 1 14-20.

el bR S O e — S
< RHEE. I 2004 ; 49 1 559-570.
Pappas JN, Donnelly LF, Frush DP : Reduced
frequency of sadation of young children with
multisection helical CT. Radiology 2000 ; 215 : 897-
899,

FHEH - A, TR o U g 5 32 oy
Oheiig DRGNS U SR AHITO
BUIR & M. HBIEER 2004 ; 49 : 551-558.
Donnelly LF, Frush DP : Pediatric multidetector
body CT. Rdiol Clin N Am 2003 ; 41 : 637-655.
Frush DP, Donnelly LF : Helical CT in children :
Technicla considerations and body applications.
Radiology 1998 ; 209 : 37-48.

Kaste SC, Young CW : Safe use of power injectors
with central and peripheral venous access devices
for pediatric CT. Pediatr Radiol 1996 ;26 : 499-501.
Reminders from FDA Regarding Ruptured

lill o

Vascular Access Devices from Power Injection

11)

12

13)

14)

15)

16)

17)

Vol.22 No.1, 2006 43

http://www.fda.gov/cdrh/patientsafety/reminder-
rvad.html

S AACTHA F 54 2 —HE < (I6Ho 7= 8 —
% fGE 2005 5 65: 139-141,

Donnelly LF, Emery KH, Brody AS. et al :
Minimizing radiation dose for pediatric body
applications of single-detector helical CT :
Strategies at a large children's hospital. AJR Am]
Roentgenol 2001 ; 176 : 303-306.

ACHIE 5, IEARYE— il
P2 X AR MDCT Bt o J2REF .
2005 ; 65: 216-223.

Slovis TL, Hall ET, Huda W, et al : ALARA
CONFERENCE Executive Summary. Pediatr
Radiol 2002 ; 32 :221.

Frush DP, Herlong JR : Pediatric thoracic CT
angiography. Pediatr Radiol 2005 ;35:11-25.
BT CTHEE oo B W Rl oo PR &
Frariilic ks il HdEid 2005, 61: 1377-
1380,

FHOT EFUE E A 7 ICRP Publication87 CT

i, 7y —

BIEY

IZHiF 3% "“é"?ﬁ”‘ DA, HEE AN AT 4
b — Tt HUR, AR S, 2004, p7-13.

43



