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EXAMINATION REPORT

Hospial = o A VAL S E T
City : FUJI

Date $ 2005-11-27

Pairent Name : SAWAGUCHI NOBUTAKA
Male/female : Male

Date of Birth $ 1975-11-12
Registration No. : 02-88280-9
Physician name : A600

Physician Code : A600

K4 SAWAGUCHI  NOBUTAKA
YOTF 75D

1D No. 9008500

sk TA

BREHE ELIT—FN

& i #F MM KB

He bl HH

B Bl TH*

2R

Cumulative fluoroscopy time : 8:00min:sec (B3X1/150 #H@® 25.8%1000/150=172 @, ®REE)

Cumulative fluoroscopy dose 25.8 Gy cm’ 172 mGy @ NDDH Hi 42 3t mGy
Cumulative exposure dose 150.0 Gy co’ 1000 mGy @ 90 mGy cm’
Cumulative total examination dose 175.8 Gy cm’ 1172 m6y @ ©+®@
Total number of runs made 3

(hr:min] (FPS] fem] [in] mGy
1|V 10:15 20 30 FPS Coronary 30.0 76 650 7 -30 0 100 7 35
2 |[RC 10:18 20 30 FPS Coronary 30.0 75___ 650 i -30 0 100 7 35
3 |CL 10:20 10 15 FPSLV Lock 15.0 60 350 5 4] 0 9 9 20
4

PRGBS B
AR BT %

MR Gy cm?

1/150 < PHILIPS» %%

>

L /150039 B B S SWIL !
172 mGy®

Cumulative fluoroscopy dose: 25.8 Gy cm?
Gy cm?
( %A

mGy

25.8x1000/150 =

172 )
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ﬁ Abstract }

Principles of Radiation Protection in Fluoroscopically Guided
Interventional Radiologic Procedures

‘While interventional radiological procedures are minimally invasive and beneficial to patients,
some complex and lengthy fluoroscopically guided procedures may cause radiation-induced
skin injuries. Interventional radiologists should be aware of threshold doses, actual dose rates
of a particular x-ray equipment, and proper techniques to control the patient’s cumulative skin
dose. The International Commission on Radiation Protection recommends that informed con-
sent be obtained about the risk of radiation injury, that the maximum dose to the skin be
recorded when it approaches 1 Gy (for procedures that may be repeated) or 3 Gy (for any pro-
cedure) and that patient follow-up be provided in the latter situation. To reduce operator expo-
sure, it is essential to avoid direct exposure of the primary beam to the hands in procedures
such as transhepatic biliary drainage. During vascular interventions, the majority of operator
exposure is caused by scatter radiation from the patient. Almost every effort to reduce patient
dose secondarily reduces scatter radiation to the operator as well. The overhead x-ray tube sys-
tem is associated with higher exposure to the hands and eyes, and should not be used for com-

plicated procedures. Appropriate shields help in reducing scatter to the operator.
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patient and operator during fluoroscopy-guided interven-
tional radiologic procedures. Patient exposure is the
maximal at the beam entry site of the patient’s skin. Scat-
ter radiation from the patient’s body is the main source
of operator exposure.

Fig.2 Diagram showing the distribution of scatter radiation

in a phantom experiment. The intensity of scatter radia-
tion is shown in xSv per hour.

Table 1 Potential effects of flucroscopic exposures on the reaction of skin®

Apﬁ)roximate Time Minutes of Minutes of

Effect threshold of fluoroscopy at fluoroscopy at
dose typical normal dose typical high dose
Gy) onset rate of 20 mGy/mix rate of 200 mGy/min

Early transient erythema 2 2-24 hours 100 10

Main erythema 6 1.5 wecks 300 30

Temporary epilation 3 3 weeks 150 15

Permanent epilation 7 3 weeks 350 35

Dry desquamation 14 4 weeks 700 70

Moist desquamation 18 4 weeks 900 90

Secondary ulceration 24 >6 weeks 1200 120

Late erythema 15 8- 10 weeks 750 75

Ischemic dermal necrosis 18 >10 weeks 900 9

Dermal atrophy 10 >52 weeks 500 50

Telangiectasis 10 >52 weeks 500 50

Dermal necrosis (delayed) >12 >52 weeks 750 75

Skin cancer not known >15 years N/A N/A

Without knowing the actual dose rate(s)of various modes off operation, an interventionist can inadvertently reach the
thresholds. Columns 4 and 5 show the impact of typical (realistic) dose rates in terms of minutes required by specific
equipment. No ‘rule of thumb’ e.g. 100 minutes, should be used, unless it represents the impact of actual dose rates ®.
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Fig.3 Pictures of a patient with radiation-induced
skin injury following multiple sessions of coro-
nary angioplasty.

| a:Skin erythema is noted at the beam entry site 6
to 8 weeks after the procedure.

b : Large skin ulcer developed 18 to 21 months after
the procedure, The patient was treated with skin-
graft operation. (Revised from the FDA Home-
page, http://www.[da.gov/cdrh/rsnaii.html)

o Phantom

+—— Image intensifier Fig.4

(20cn-water equivalent)

100cm 4 '

| O;

] X-ray tube

\\ Dosimeter

Angiorex. Toshiba

FOV: 12/ 9' 7 Sinch

Pulse: 15/ 7.5 per second

a: Scheme of entrance dose measurement
using phantoms.

Maode: High' Normal/ Low

40

[ 7.5 pulse/sec
Low mode
7.5 pulse/sec

30

Normal mode

@ 7.5 pulse/sec
High mode

20

Entrance dose rate (mGy/ min)

9 inch

12 inch

Field size of the image intensifier

[ 15 pulse/sec
Low mode

2 15 pulse/sec
Normal mode

b : Entrance dose rate under various fluoro-
scopic conditions measured in the phan-
tom experiments. The entrance dose
rate increases with use of the smaller
field size (magnification), higher num-
ber of x-ray pulses, and the high dose
mode,

[ 15 pulse/sec
High mode

7 inch 5 inch
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Fig.5 Source-to-skin distance

a:Normal position. The operator should place the
patient as far from the x-ray tube as possible and as
close as possible to the image intensifier. As a func-
tion of the inverse square law, the patient’s skin dose
decreases as the distance between the x-ray source
and the skin(source-to-skin distance, SSD)increases.

b : Short SSD increases patient skin dose and scatter
radiation to the operator.

Fig.6 Beam angulation

a : The dose rate is least when a posteroanterior projec-

tion is used.

b, c:Angulation of the beam results in longer
paths(arrows)for the x-rays to travel through the
patient’s body; this in turn drives up the dose rates.
Angulation may also decrease SSD and increase
the skin dose. Therefore, prolonged fluoroscopy
from a single beam entry site at a steep angle
should be avoided.
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Fig.8 Geometry of the equipment

a: Equipment with an overcouch(overhead)x-ray tube
results in high scatter radiation in the vicinity of the
patient, and hence operator doses to the eyes and
hands are higher. Such configurations are sub-opti-
mal for interventional procedures.

b : C-arm fluoroscopy should be used with the x-ray tube
under the patient and the image intensifier over the
patient. Even if the hands are exposed to the primary
beam, the dose would be as low as about 10% of an
overhead tube equipment.

a b

Fig.7 Field collimation L
a:When large fields are exposed from two different Fig.9 Avoiding hand exposure
beam angles, the accumulated dose to the region of a: Hand exposure to the primary x-ray beam should be
overiap of the fields is high(arrow). avoided.
b : Collimation can reduce the accumulated dosc to the b : Field collimation and beam angulation will keep the
skin by eliminating the overlap of the fields. hand out of the beam.
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Table 2 Dose limits for occupational exposure in Japan

] Dose limits
Effective dose 20 mSv in a year averaged over a period of 5 years
Annual equivalent dose Lensof theeye 150 mSv
Skin 500 mSv
Hands and feet 500 mSv
Effective dose in women 5 mSv in 3 months
Equivalent dose in pregnancy 2 mSv during pregnancy at the abdominal surface
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