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The use of multi-de tec tor row com puted to mog ra phy in car diac ex am i na tions is in creas ing
glob ally. Sev eral hos pi tals are yet to es tab lish a prac ti cal method for eval u at ing the ex tra scat -
ter ing dose in the lungs (Dlung) of male examinees with dif fer ent body-weights un der go ing
car diac com puted to mog ra phy. To mea sure the dose in each slice of a lung (Dlung,i),
thermoluminescent do sim e ters are in serted into Rando and tis sue-equiv a lent phan toms
made of polymethylmethacrylate and de rived from ICRU 48 with masses from 10 to 90 kg.
Dlung was eval u ated by weigh ing the scanned vol ume of each slice. A prac ti cal method for de -
ter min ing Dlung in volves 64-slice com puted to mog ra phy scans us ing a Philips Bril liance com -
puted to mog ra phy at 120 kV and 200 mAs, with a thick ness of 1.0 mm. Dlung,i  in creased with
dis tance from the scan ning re gion. This ex per i ment yielded Dlung val ues from 12.1 ± 2.1 mSv
(90 kg) to 23.0 ± 3.8 mSv (10 kg). Fi nally, a sim ple equa tion can be used to de rive the re la tion -
ship be tween Dlung and the body-weights of a male examinee. Ex per i men tal re sults are com -
pared with oth ers in the lit er a ture.

Key words: car diac com puted to mog ra phy, lung dose, thermoluminescent do sim e ter,
tis sue-equiv a lent phan tom

IN TRO DUC TION

Car diac com puted to mog ra phy (CT) is the most
com monly used tech nique for di ag nos tic pur poses.
The fre quency and va ri ety of CT ex am i na tions are in -
creas ing glob ally [1]. Ac cord ing to Sta tis tics on Gen -
eral Health Wel fare for 2014 [2], the ten lead ing
causes of death from 2007 to 2012 in cluded ma lig nant
tu mors and heart dis ease. Lung can cer is the third most 
deadly can cer in Tai wan, re spon si ble for 12.21 % of
can cers. In re cent years, multi-de tec tor row CT
(MDCT) has been used for most car diac CT [3], and
has been in creas ingly used in med i cal di ag nos tic ra -
dio log i cal ex am i na tions [3]. In a car diac CT ex am i na -
tion, the lung is one of the most scat ter ing crit i cal or -
gans be cause it is in the path of the pri mary beam [1].
Ex tra scan ning ra di a tion and ra di a tion-in duced mal -
for ma tion are rel a tively high. Ac cord ing to the ICRP

103, the weight ing fac tor for the lung is 0.12 in di cat -
ing that the lung is a sen si tive or gan [4]. MDCT has
re cently be come re garded as the im ag ing pro ce dure of
choice in the de tec tion of cor o nary ar tery ste no sis.
Phy si cians and ra di ol o gists must un der stand Dlung to
iden tify clin i cal in di ca tions and com pare them with
other ex am i na tions and pro to cols. CT examinees com -
monly ask phy si cians and ra di ol o gists to tell them the
ex tra scan ning doses to the lung (Dlung) dur ing car diac
CT. This in ves ti ga tion eval u ates Dlung and de vel ops a
prac ti cal method dur ing car diac CT. 

MA TE RI ALS AND METH ODS 

Con duct ing car diac com puted
to mog ra phy ex am i na tions

All CT scans were car ried out us ing a CT scan -
ner (Philips Bril liance 64-slice), pro vid ing quan ti ta -

S.-Y. Tsai, et al.: Ex tra Ra di a tion Dose of Lungs in Male Examinees Dur ing ...
350 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2017, Vol. 32, No. 4, pp. 350-357

* Cor re spond ing au thor; e-mail: chien.ccy@gmail.com



tive in for ma tion about cor o nary cal cium and car dio -
vas cu lar risk and re plac ing tra di tional in ter ven tion
ex am i na tions. Fujii et al., [5] used a 16-slice CT to
mea sure the Dlung for adults and pe di at ric pa tients for
MDCT. A pro fes sional ra di ol o gist (Sung-Yi Tsai) with 
ten years of ex pe ri ence con ducted the lung po si tion ing 
of phan toms and per formed car diac scan ning from
slice 14 to slice 18 of the Rando phan tom, and slice 13
to slice 17 of polymethylmethacrylate (PMMA) phan -
toms [6, 7]. Each  phan tom  was  placed on the pa tient
ta ble. MDCT was  de vel oped  from  Spi ral  CT.  Ta ble 
1 pres ents  the scan ning  pa ram e ters  of  six  phan toms.   
To  con trol er rors, the rou tine CT ex am i na tions of a 50
kg pa tient, were at 120 kV at max i mum  tube  volt age 
peak, 200 mAs and thick ness of 1.0 mm and fixed in all 
ex per i ments. 

Rando and tis sue-equiv a lent phan toms 

The Rando phan tom (Alderson Ra di a tion Ther -
apy Phan tom, Ra di ol ogy Sup port De vices, Long
Beach, Cal., USA) is suit able for dos age mea sure -
ments in MDCT,  as  it  has  a height of 175 cm and a
mass of 73.5 kg, and is made of nat u ral skel e tal tis sue
and plas tic tis sue-equiv a lent ma te ri als. It com prises
36 slices, each with a thick ness of 2.5 cm [1, 3, 6, 8, 9].
Fig ure 1 pres ents the outer ap pear ance of these phan -
toms. Anthropometrically shaped skel e tons, con -
structed from ep oxy-resin, were used to sim u late hu -
man lungs [3, 7, 8, 10]. The PMMA phan toms were
based on a gen eral hu man de sign. Each com prised 31
slices, rep re sent ing the head, neck, torso and ab do -
men, but with out arms or legs [3, 6, 10]. Each phan tom

was based on the GSF-Forshungszentrum für Umwelt
und Gesundheit, Ger many, adult math e mat i cal mod -
els, and  the  lung masses were based on the ICRP ref -
er ence  man [6, 10]. The den si ties of the ma te ri als were 
as  fol lows, that of the lung tis sue-equiv a lent was
0.296 gcm–3, the skel e ton-cor ti cal-bone tis sue-equiv -
a lent was 1.486 gcm–3, the tis sue-equiv a lent was
1.105 gcm–3 [3, 6, 10]. The thermoluminescent do sim -
e ters (TLD) were in serted into each slice through a
grid of holes with di am e ters of 11 mm [11]. All slices
of the phan toms were equally thick. Ta ble 2 pres ents
the di men sions and phys i cal prop er ties of the phan -
toms [6, 10]. 

In vivo mea sure ments dur ing CT ex am i na tion 

The ef fec tive doses can be cal cu lated from the
com puted to mog ra phy dose in dex (CTDI) and the
dose length prod uct (DLP) dis played on the con sole
mon i tor of the CT scan ner. Since the lung is a large or -
gan, dur ing a car diac CT ex am i na tion, the lung is ex -
posed to ra di a tion. Dlung is uni formly dis trib uted. Mea -
sure ments of ex tra ra di a tion are more com plex than
those of smaller or gans. TLD-100 (Mg, Cu, and P)
with di men sions of 3.2 mm ´ 3.2 mm ´ 0.9 mm were
used herein. Three TLD were packed into one bag.
Each bag was im planted at po si tions where Dlung was
rep re sen ta tive of the phan toms [3, 8, 12, 13]. Ta ble 3
shows that mea sure ments were made at 80 points on
each  slice  of  the lung and sub di vided equally of the
70 kg PMMA phan tom. The mean dose of that was re -
ceived by each slice of the lung tis sue equiv a lent was
taken as Dlung, i. 

Lung of Rando and PMMA phan toms are rang -
ing range from slice 12 to 17 and slice 10 to 15, re spec -
tively. Each lung had six slices. Fig ure 2 pres ents the
TLD that were in serted into slice 15 of a 50 kg PMMA
phan tom.

Most in vivo mea sure ments of TLD were mainly
lo cated in the lung. Some TLD were ex posed to X-rays 
dur ing the CT ex am i na tions, while oth ers were ex -
posed to ex tra scat tered ra di a tion. Three in di vid u ally
cal i brated TLD, packed into one bag, yielded three

S.-Y. Tsai, et al.: Ex tra Ra di a tion Dose of Lungs in Male Examinees Dur ing ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2017, Vol. 32, No. 4, pp. 350-357 351

Ta ble 1. Scan ning pa ram e ters of six phan toms*

Phan tom [kg] Length [mm] Time [s]

Rando 125 26

10 80 17.7

30 115 24.2

50 135 28.1

70 150 30.7

90 165 33.4

*1.0 mm thick ness, 120 kV, 200 mAs

Fig ure 1. Use of five tis sue-equiv a lent and Rando
phantoms as pa tient sur ro gates

Ta ble 2. Di men sion and phys i cal prop er ties of Rando,
tis sue-equiv a lent phan toms

Phan tom Rando Tis sue-equiv a lent

Weight [kg]* 70 10 30 50 70 90

Height [cm]* 94.5 50 78 84 93 112

Weight [kg]** 34.5 6.75 19.0 31.5 44.1 57

cm slice–1 2.5 1.6 2.3 2.7 3.0 3.6

*orig i nal de sign re ferred from ICRU 48; **with out arms and legs

Ta ble  3. The 80 mea sured points of the PMMA phan tom

Slice 10 11 12 13 14 15

Left lung 6 6 7 7 9 7

Right lung 4 6 7 8 8 5



read ings at each mea sure ment lo ca tion as shown in
fig. 2(a). These were av er aged to ob tain the TLD-mea -
sured doses from which Dlung, i was ob tained. Nine
TLD chips were used to mea sure back ground ra di a -
tion at our low-back ground lab [1, 3]. Fig ure 3 re veals 
a 70 kg PMMA phan tom lung slice 10 to 15. Car diac
CT scans were per formed from slice 13 to slice 17. The 
red rect an gle out lines the ar eas scanned by car diac CT. 
Fig ure  4  pres ents  a  sec tional  view  of  the  lung of a
70 kg PMMA phan tom, com pris ing six slices. 

Cal cu la tion of the sur face
area of the lung 

In car diac CT, ra di a tion is not uni formly dis trib -
uted through out the lung. The lung can be di vided into
the left and the right lungs, and both can be di vided
into six slices yield ing a to tal of 12 slices. The cal cu la -
tion of Dlung re quires the vol ume of the lung as so ci ated 
with each slice to be de ter mined. Based on the weight -
ing fac tors in eq. 1, a slice with a larger vol ume has a
larger weight ing fac tor of Dlung. Since each slice has
the same thick ness, the vol umes of the lung can be de -
ter mined sim ply by cal cu lat ing the cross-sec tional
area of each slice (tab. 3). Each slice has a dif fer ent
Dlung, i. eq. 1 yields Dlung as weighted by vol ume as the
sum of the Dlung, i val ues of all scan slices. Ta ble 4 pres -
ents the weight ing fac tors (%) of all parts of slices of
the lung of a 70 kg PMMA phan tom [13]. The fol low -

ing equa tion yields Dlung, tak ing into ac count the ra tio
of the area of the lung

D
V D

V

i

i
lung

lung,i
=

å

å
(i = 10-15) (1)

where Dlung, i rep re sents the ex tra ra di a tion dose to which
the phan tom lung at each slice is ex posed. Vi is the
weight ing fac tor vol ume i (%) part of the lung slices. 
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Fig ure 2. Three TLD were packed into one bag (a); TLD
were in serted into slice 15 of a 50 kg PMMA phan tom (b)
(num ber means the TLD bag's num ber)

Fig ure 3. 70 kg PMMA phan toms, the lung is lo cated
from slice 10 to slice 15; cardiac CT scan from slice 13 to
slice 17

Fig ure 4. Sec tional view of the lung of a 70 kg PMMA
phan tom, com pris ing six slices

Ta ble 4. The weighted fac tor [%] of all parts slices of left
and right lungs of a 70 kg phan tom

10 11 12 13 14 15

Left lung [%] 2.27 5.80 7.71 8.43 9.18 11.7

Right lung [%] 4.96 7.01 8.61 10.2 10.5 13.7



Cal i bra tion of TLD-100 us ing 60Co

To cal i brate the pho ton dose and the lin ear ity of
TLD, TLD was ir ra di ated us ing a 60Co stan dard source 
with ac tiv i ties of 128 GBq at the Cal i bra tion Lab o ra -
tory of the Na tional Tsing-Hua Uni ver sity. TLD mea -
sure ments were made five times with the TLDs at ran -
dom lo ca tions. Taam et al., stated that the en ergy
de pend ence of TLD is not con sid ered sig nif i cant and
is lower than 20 % [14].  The TLD-100 was se lected
ow ing to its small di men sions and the re sponse lower
de pend ence on pho ton en ergy, dose rate, and the di rec -
tion of in ci dence of ra di a tion. To en sure batch ho mo -
ge ne ity, the TLD were ir ra di ated as de scribed by eq. 2.

ECC
Q Q

Q
i

i=
-

100% (2)

The el e ment cor rec tion co ef fi cient (ECC) de ter -
mined the rel a tive sen si tiv ity of these TLD to cor rect
the vari a tion among the sen si tiv i ties of the batches.
ECCi is the ac cu racy of the ith TLD. Qi is the read ing
of the  i-th TLD, and Q  is the av er age of all TLD read -
ings in the cal i bra tion. TLD were se lected with a 10 %
ac cu racy [3, 6, 7, 11]. The se lected TLD chips were an -
nealed and read us ing a fully au to mated Harshaw 3500 
reader (Bicron NE, Solon, O., USA). The read-out was 
a two-step pro ce dure: first, in a mi cro pro ces sor-con -
trolled oven, the TLD were heated us ing a
Barnstead/Thermolyne 47900 Fur nace (Thermolyne
Co.) to 50 °C, which tem per a ture was held for 1s; sec -
ond, they were heated at a rate of 10 °Cs–1 to 240 °C,
which tem per a ture was held for 1s, they were then
cooled rap idly on an alu mi num block [3, 6, 7, 15].
These TLD have been es tab lished to be ac cu rate do -
sim e ters for use in CT ex am i na tions. To op ti mize the
an neal ing pro ce dure, the TLD were al ways han dled
with great care to pre vent di rect con tact with dirt or
hands [3, 6, 11]. 

RE SULTS

TLD cal i bra tion and un cer tainty

The  re sponse  of   the   TLD-100  to  100  mSv, 500
mSv, 1 mSv, 2 mSv, 2.5 mSv, 5 mSv, and 7.5 mSv pho -
tons in the range stud ies was lin ear. The con ver sion fac -
tor for the TLD-100 was Y [mSv] = –8.16×10–2 +
+.1.14×10–1[nC] (TLD), and the square of the cor re la -
tion co ef fi cient (R2) was 0.9992 [3]. The pre ci sion and
ac cu racy of the TLD-100 were de ter mined by many
fac tors, in clud ing the fol low ing. Mainly from (1) sys -
tem atic un cer tain ties in the read ings made us ing the
Harshaw 3500 reader ranged from 10 to 12 %; (2) TLD
cal i bra tions of the 60Co source, the ho mo ge ne ity, and
the ex po sure to low X-rays were within 10 %; (3) TLD
count ing sta tis ti cal er rors, rang ing from 8 % to 10 %
were ef fec tively sup pressed; (4) the un cer tainty of the
PMMA phan tom set to 5 %, in cludes scan ranges of the

car diac CT in each phan tom and non-tis sue-equiv a lent
ef fects be cause the phan toms were con structed en tirely
as de scribed in the ICRU re port 48 [6, 10]; (5) to cal i -
brate the area of each lung slice, un cer tainty ranged
from 3 % to 5 %;  (6) er rors in power fluc tu a tions from
the Philips CT scan ner were ob tained from monthly
clin i cal qual ity as sur ance (QA) tests and found to be
less than ±2 %. Ta ble 5 listed the to tal un cer tain ties
which ranged from 17.4 % to 19.9 %. Tseng es ti mated
un cer tainty to be less than 20 % [6, 11].   

Dlung dis tri bu tion among the left
and right lungs in the phan tom

The in crease in Dlung, i from the 10th slice to the
15th slice re veals that Dlung in creases by five for
PMMA phan toms. The Dlung, 10 of the left lung 10th

slice is 3.15 % more than Dlung, 15 of the 15th slice. The 
dose of the right lung 10th slice is 4.08 % of the 15th

slice, re veal ing that Dlung, i de creased greatly with the
scan ning re gion in the car diac CT ex am i na tion. The
Dlung val ues of the left and right lungs of the 10 kg
phan tom were larger than those of all other phan toms.
Fig ure 5 shows Dlung, i [mSv] rang ing from 10 to 15
slice of right and left of the phan toms.

Dlung val ues of male examinees
with var i ous body-weights 

Fig ure 6 re veals that the es ti mated Dlung de -
creased as body-weights in creased. The high est Dlung

was mea sured in the 10 kg phan tom. TLD were in -
serted into the Rando lung, and the Philips 64 CT was
set to 120 kV and 200 mAs. Dlung from slice 12 to slice
17 was 12.4 ± 1.9 mSv, mea sured at 26 lo ca tions.
Three TLD were placed into one bag. Dlung for the
Rando phan tom was ap prox i mately 1.06 times that of
the 70 kg PMMA, which was 11.6 ± 2.0 mSv. The pri -
mary dif fer ences may arise from (1) in con sis tent lung
den si ties (2) the lung vol ume be tween Rando and
PMMA phan toms. The er ror bars rep re sent un cer -
tainty in the Dlung val ues. The re gres sion equa tion
Dlung [mSv] =  –0.14 W [kg] + 23.3 has an R2 which is
0.89257, in di cat ing that TLD is a good method for
eval u at ing the Dlung of PMMA phan toms.

S.-Y. Tsai, et al.: Ex tra Ra di a tion Dose of Lungs in Male Examinees Dur ing ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2017, Vol. 32, No. 4, pp. 350-357 353

Ta ble 5. The to tal un cer tain ties pre sented in this study

Source
One stan dard
de vi a tion (Di)

Vari a tion of the Harshaw 3500 reader 10 %-12 %

Cal i bra tion of the 60Co source 10 %

TLD count ing sta tis tics 8 %-10 %

Non-tis sue equiv a lence ef fects of the
PMMA phan tom 5 %

Area of the lung slice 3 %-5 %

CT scan ner fluc tu a tion <2 %

Dtot 17.4 %-19.9 %



DIS CUS SION

Com par i son of Dlung with other stud ies

Many pa pers on car diac CT doses and meth ods
of mea sur ing them have been pub lished. Prac ti cal
meth ods for de ter min ing the ex tra ra di a tion doses ab -
sorbed by large or gans, Dlung of these PMMA phan -
toms. To com pare Dlung re sults with other stud ies, the
phan toms used and the ex po sure fac tors must be con -
sid ered. In this in ves ti ga tion, Rando and PMMA phan -
toms were used. The data in tab. 6 re vealed that it was
sim i lar to the Dlung that was de liv ered at the cor o nary
ar tery cal cium scor ing with MDCT.

Alonso et al. [1] stud ied the breast and nearby
or gans for un shielded and shield ex po sures with bis -
muth dur ing lung CT ex am i na tions. The Dlung val ues
of the right  and  left  parts of the lung were 11.5 ± 0.5
and 12.5 ± 0.3  mSv  dur ing  tho racic  CT  scans with -
out bis muth  shield ing, re spec tively. Geleijns et al. uti -
lized the Philips Tomoscan LX CT with 120 kV and
333 mAs, for chest ex am i na tion with a Pb thick ness of
10 mm. The re search ers in serted TLD-100 into the
Rando phan tom with out con sid er ing the re la tion ship
be tween Dlung and the body-weights of the examinee,
yield ing a Dlung of ap prox i mately 44 mSv [16, 17].

Chan et al. stated a Dlung value of 3.86 ± 2.35 ob -
tained by a cor o nary angiograph and 31.4 ± 20.2 mSv
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by cal cium scor ing CT us ing TLD [8]. Gonzaga et al.
found that the 16-slice car diac CT pro vided doses of
greater than 17.5 mSv with an er ror of 12 % of the Bril -
liance 6 dur ing chest CT. Gonzaga also found that Dlung

de pended on many pro to col-re lated pa ram e ters [12].
Feng et al. mea sured the Dlung from the tho rax

CT in a 64-slice MDCT us ing an an thro po mor phic
phan tom that rep re sented a five-year-old child, and
found a Dlung of 5.41 mSv [18].

Mori et al. in serted many TLD into the whole
body, ex pos ing it to in tense ra di a tion dur ing 16 and 64
car diac multislice CT (MSCT). Ra di a tion ex po sures
of a Rando phan tom in 256, 64, and 16 MSCT were
eval u ated at 45 ± 20, 85.0 ± 30.1, and 77.1 ± 36.7 mSv,
re spec tively. Dlung is higher than the cor re spond ing
val ues for any other or gans [9].

  Ein stein et al. de ter mined the ra di a tion ex po -
sure for a stan dard ized male phan tom (com pu ta tional
model) us ing 64-slice Com puted To mog ra phy Cor o -
nary Angiography (CTCA), and found Dlung val ues
from 42 to 91 mSv [19]. Fujii et al. uti lized 32
photodiode do sim e ters that were em bed ded within an -
thro po mor phic  phan toms  of  six-year-old chil dren
(20 kg, 115 cm) and adults (61 kg, 170 cm). In rou tine
adult chest CT,  Dlung val ues ranged from 11.1 to 25.8
mSv and in rou tine pe di at ric chest CT, Dlung val ues
ranged from 2.2 to 10.6 mSv [5, 16]. 

A Dlung of is 37.44 mSv was ob tained in CT ex -
am i na tions of the chest us ing a Toshiba Aquilion
MDCT with set tings of 120 kV and 350 mAs, and a
scan area of 300 mm [15]. Hunold et al. mea sured the
car diac CT dose us ing a Siemens 4 CT, in sert ing TLD
into a Rando lung un der mea sure ment con di tions of
120 kV, 300 mA, and 400 mAs. Dlung was 37.6 mSv at
the 17th slice us ing eight TLD. Hunold et al. found that
MDCT al ways yielded a higher ef fec tive dose than the
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Ta ble 6. Ex tra lung equiv a lent dose un der go ing car diac CT ex am i na tions

CT Dose [mSv] Treat ment Ref er ence

This study 12.4 ± 1.9 (Rando) Car diac CT

16 MSCT 11.5 ± 0.5 (right) Tho racic CT 1

Bright speed 16 MSCT 12.5 ± 0.3 (left)

Philips Tomoscan LX CT 44 17

Bril liance 16 17.5 ± 12 % (Rando) Chest CT 12

Bril liance 6 11.1 ± 12 % (Rando) Chest CT 12

Bright speed 4 11.3 ± 13 % (Rando) Chest CT 12

Somatom sen sa tion 64-MDCT 3.86 ± 2.35 Cal cium scor ing 8

Somatom sen sa tion 64-MDCT 31.4 ± 20.2 Cor o nary angiography 8

64-slice MDCT 5.41 5 years, 19 kg 18

256 MSCT 45 ± 20 9

64 MSCT 85.0 ± 30.1 9

16 MSCT 77.1 ± 36.7 9

Toshiba aquilion 16-slice 23.4 Adult chest CT (61 kg, 170 cm) 5

Toshiba aquilion 16-slice 24.9 Adult chest CT (61 kg, 170 cm) 5

Toshiba aquilion 16-slice 6.2 Pe di at ric chest CT (20 kg, 115 cm) 5

Siemens somatom 16-slice 11.1-25.8 Adult chest CT (61 kg, 170 cm) 5

Siemens somatom 16-slice 19.3 Pe di at ric chest CT (20 kg, 115 cm) 5

Siemens somatom 16-slice 2.2-10.6 Pe di at ric chest CT (20 kg, 115 cm) 5

Somatom 64-slice 42 mSv for **ECTCM ***CTCA 17

Somatom 64-slice 58 mSv for ECTCM 120 kV 17

Toshiba, aquilion 37.44 Chest CT 15

Siemens 4-slice 37.6 MDCT 15

*EBCT 2.6 Cal cium scor ing 20

EBCT 3.9 Cor o nary angiography 20

* EBCT: Elec tron beam CT; **ECTCM: Electrocardiographically con trolled tube cur rent; ***CTCA: Com puted to mog ra phy cor o nary
angiography

Fig ure 6. Es ti mate of Dlung as a func tion of dif fer ent
body-weights of a male examinee



elec tron beam CT (EBCT). They used a tube volt age
of 140 kV, yield ing a Dlung of 2.6 mSv by cal cium scor -
ing and 3.9 mSv by cor o nary angiography [20]. In ad -
di tion, no equa tion for es ti mat ing Dlung is in terms of
body-weights. There are is no ex actly Dlung for each
slice in the Hunold et al. study [20]. 

The vari a tions in the re sults of the afore men -
tioned in ves ti ga tions have two causes. The first is vari -
a tions among ex po sure fac tors, such as tube volt age,
num ber of scans, tube cur rent, and CT-mo dal ity. The
sec ond is the mea sure ment lo ca tions on the lung. In
ad di tion, pa tients were wor ried about the or gan most
radiosentive to ra di a tion, the go nad, which ranged
from 1.50 to 2.20 mSv be cause of its long dis tances
from car diac. 

This in ves ti ga tion has some lim i ta tions. First, the
PMMA phan tom can not sim u late car diac mo tion.
PMMA phan toms rep re sent dis crete weight-spe cific
examinee groups. The shapes and size of examinees ob -
vi ously vary, even among examinees of equal age. Sec -
ond, au to matic tube cur rent mod u la tion can ef fec tively
re duce the ra di a tion dose in side the CT scan ning re gion.

CON CLU SION

The in for ma tion in ves ti ga tion is use ful for de ter -
min ing the Dlung, which serves as a ref er ence for clin i cal 
ra di ol ogy doc tors and ra di ol o gists. The op ti miz ing pro -
to col is im por tant for im prov ing tech nique and re duc -
ing un nec es sary ex po sure to of the lung. In car diac CT
ex am i na tions, the lung was the or gan that re ceived the
high est ra di a tion when scanned. As the weight of
PMMA phan toms in creased, Dlung de creased. The lin -
ear equa tion Dlung [mSv] = –0.14×W [kg] + 23.3 yielded
an R2 of 0.89257, in di cat ing that the TLD method is ef -
fec tive for eval u at ing ex tra ra di a tion to which lungs in
PMMA phan toms are ex posed. It is very im por tant to
eval u ate ex tra ra di a tion doses dur ing the car diac CT ex -
am i na tion of dif fer ent body-weight examinees as fu ture 
in ves ti ga tions.
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Sueng-ji CAI,  Hsien-^uen CENG,  Xipeng @UAN, Cumei SJU,
Junguej QAO, [eng-Pin ^ANGLAJ, ^ien-Ji ^EN

APSORBOVANA  DOZA  OD  RASEJANOG  ZRA^EWA U PLU]IMA  MU[KIH
PACIJENATA  PODVRGNUTIH  KARDIOLO[KOM  PREGLEDU

KOMPJUTERIZOVANOM  TOMOGRAFIJOM

Primena kompjuterizovane tomografije sa multidetektorskim redovima pri kardio-
lo{kim pregledima u globalnom je porastu. Bolnice tek treba da uspostave prakti~nu metodu za
procenu doze u plu}ima od rasejanog zra~ewa mu{kih pacijenata razli~ite telesne mase,
podvrgnutih kardiolo{kim pregledima kompjuterizovanom tomografijom. Kako bi se izmerila
doza u svakom sloju plu}a,  termoluminiscentni dozimetri postavqeni su unutar Rando fantoma i
tkivno-ekvivalentnog fantoma, izra|enih od polimetilmetakrilata prema ICRU 48, sa masama od
10 do 90 kg. Doza je procewena na osnovu te`inskog faktorisawa skenirane zapremine svakog sloja.
Za prakti~nu procenu doze upotrebqeni su 64-slojni tomografski skenovi na Philips Bril liance
aparatu,  sa  parametrima  ekspozicije  120 kV,  200  mAs i debqinom sloja od 1 mm. Doza u sloju raste
sa udaqavawem  od  oblasti  skenirawa.  Rezultati eksperimenta za dozu u sloju su od 12.1 ± 2.1 mSv
(90 kg) do 23.0 ± 3.8 mSv (10 kg). Na kraju, jednostavna jedna~ina se mo`e koristiti kako bi se opisala
zavisnost doze u sloju i telesne mase mu{kih pacijenata. Tako|e, izvr{eno je i pore|ewe
eksperimentalnih rezultata sa ranije objavqenim podacima.

Kqu~ne re~i: kardiolo{ki pregled, kompjuterizovana tomografija, doza za plu}a,
,,,,,,,,,,,,,,,,,,,,,,,,,termoluminiscentni dozimetar, tkivnoekvivalentni fantom


