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Quantitative Assessment of the Radiation Exposure during Pathologic
Process in the Sentinel Lymph Node Biopsy using Radioactive Colloid
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Purpose: Sentinel lymph node biopsy became the standard procedure in early breast cancer surgery. Faculty
members might be exposed to a trace amount of radiation. The aim of this study is to quantify the radiation
exposure and verify the safety of the procedure and the facilities, especially during pathologic process.

Materials and Methods: Sentinel lymph node biopsies with Tc-99m human serum albumin were performed as
routine clinical work. Exposed radiation doses were measured in pathologic technologist, nuclear medicine
technologist, and nuclear medicine physician using a thermoluminescence dosimeter (TLD) during one month. We
also measured the residual radioactivities or absorbed dose rates, the exposure distance and time during
procedure, the radiation dose of the waste and the ambient equivalent dose of the pathology laboratory.
Results: Actual exposed doses were 021 and 085 (uSv/study) for the whole body and hand of pathology
technologist after 47 sentinel node pathologic preparations were performed. Whole body exposed doses of nuclear
medicine physician and technologist were 0.2 and 2.3 (uSv/study). According to this data and the exposure
threshold of the general population (1 mSv), at least 1100 studies were allowed in pathology technologist. The
calculated exposed dose rates (¢ Sv/study) from residual radioactivities data were 247/ 224 p Sv (whole body/
hand) for the surgeon; .22/ 0 # Sv for operation nurse. The ambient equivalent dose of the pathology laboratory
was 0.02-0.03 mR/hr. The radiation dose of the waste was less than 100 Bg/g and nearly was not detected.
Conclusion: Pathologic procedure relating sentinel lymph node biopsy using radioactive colloid is safe in terms of
the radiation safety. (Nucl Med Mol Imaging 2007:41(4):309-316)

Key Words : breast cancer, sentinel lymph node, radiation safety, radiation exposure
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Table 1. Radioactivity during the process of pathologic specimen for sentinel node biopsy and modified mastectomy

Radioactivity (mean+S.D.
/ maximum)(uCi)

Equivalent dose rate (mean+S.D.
/ maximum) @Sv/hr @ 10cm)

The injection dose

Specimen

Sentinel nodes

Breast specimen

Microtome after pathologic process
Breast specimen immersed in formalin
Tissue slide

Microscope

Pathologic waste after more than 1 week.

31574485 / 400

6.15+5.87 / 21.48*
11.67+8.88 / 128.85
0.86+£1.57 / 4.30°
3.29+7.44 [ 28.63"

2205+3.39 / 2794 7

0.33+£0.40 / 1.5
1.78+£228 / 9
006£0.11 / 0.3
0.23+052 / 2
0
0
0

* These retained activities were calculated from measured equivalent dose rate.
tThese equivalent dose rafe was calculated from measured retained radioactivity.

ke GAls HA A whet Abs At

qefst ot Hag AL AR, FE B
AL el A A |2l AR A
AANA TAAFADS TR At
AAAEE dAskA R e AAARE A
B2 AEA A3 F HFo] &
A R Fo JF Aew

kN

_P*ND'\A

Egmlor-v—'

LL@
LR

£
o
I 2

}

B rlo rr o

f
o
i
M
o
rir
2
ot

2) BARtel AlulZe 53

B3 s)Apsh Aot Ak BT WAEAATH) o
% 2RPNAE AEHAT 20064 79 12014 98 30
WA el HEFE ZYsheth ol HEFL 1YV HEF

Y Belae AEFE $RAW B 22
£ 399l Held 3 AAgEas B B dde
WeA @ o] 20069 92 19014 9% 097
U QYPNPAE 830 2A0 &

1 &0 WA Sl S E L S5 G5 BA)

i}
e ok
o &
rlo @
Bl 3@
|o

> B
X,
>
=)

1 _1}:,:1
i)
rl
o> ©

o 4z
2
ofl
of
ok
T
S
|o
it

£ AMuolmE(Ludlum Measurements, inc. Texas, US,
model 14-C) & o]-&3te] vfetO ZHE] 1 m FololA, ¥
S ZRE 10 cm €AXA SAI}ATY FHAFES] S5

BE30 A= 1 mR/hr = 10 ¢ Sv/hr & A3,
& 1}

1. Z2NE =4 A1 2 JAAN AT AFTFEH

AFH WA sF 53 (Table 1)

FA1e] FollE WAl HS AYs AR g
of 318} FAE Te-99m-HSASS Ha 316 ¢ CiolSth &
A-E APE A3 HHAAEE SV AAEEE 23
A =AY MBFEEE 0331040 (0.1-1.5) # Sv/hr @
10cmo) Q3 o] S nigro 2 gAg Te-9m-HASS] A F3F
A5 HE 62 p G otk AANHZAS A nolagE
ol = 006011 (0-0.3) # Sv/hr @ 10cme) ZA AT (A
FAsE 086 ¢ Ci). AAREZER THEo7 A&l
T, A" A AAE A3 An oA s 7IAFA o)
o) o} = AFFEFES SAHA &g

Zgo] od) HAE +uAA AA] NFFEELS 178
+298 (015-90) # Sv/hr @ 10 cm & ¢F 117 # Ci9
Tc-99m HSAZF AFE] Aith 229 14 $- dAH
Sub AA o] AEaEksS (234052 (0-12) # Sv/hr @
10cm, 24 A2 F g 4 22 AFFEFE2 031
+0.33 (0-1.0) # Sv/hr @ 10cmO Atk FA e thaljA 7
ANgzAe] S FAFY 12%, AAE 28 FAEY
37%7Y AF S (Fig. 1)

2. WEZA Au AF 2 oo} A AN 2 &
SESEE
ZNPEAE G WAy dFRAFAS A
dEFNTAE L3 30U FAAN BYRHHAM =
Z 4779 ZNEZE AAE At o] 199 WAt
oA ZAE ANIEFL 001 mSv oL & FHFFS

in



Yoo Sung Song, et al. Quantitative Assessment of the Radiation Exposure during Pathologic Process in the Sentinel Lymph Node Biopsy using Radicactive Colloid

Department of ; Frazen Pathologi i
o gic Residuals
Nuclear medicine Operation Room Laboratory
0 ~ 30 ming 30 ~ 60 mins 60 mins after 24 ~ hours
after injection after injection injection after injection
S~
le U g ussll LT
w/ 6.15 uCi
. v
. 11.67 uGi N
——
316 G 316 G l \ 4,44 ,Ci
« Injection * LN sampling . Ti . i | of resi
- Scintigraphy  Mastectomy issue bankmg/ Disposal of residuals

« Formalin Fixation

Fig. 1. The equivalent dose rafe of each radiation sources during each processes were
measured using a survey meter at a distance of 10cm (Sv/hr @10cm). The radioactivity of
each sources were calculafed using the gamma constant of Tc-99m (23 Sv/GBa/hr @1M)

Table 2. Absorbed doses of the staffs from residual radioactivity during each process

Equivalent dose(uSv)

Distance(Hand \ Exposure per study

Injection /Whole body) Tﬁ);%?sgg) d%fsg(ig\?)/ E(;e\,cvfrl\\ge Radiation Source Occupation (usv) (;vholebodv/
cm and)
body

Injection 1/30 30 29.17/0.03 Syringe Physician(NM*) 0.03/ 29.7
Massage of injection site 1730 60 37.34/0.04 Injection site Technologist(NM)
Lymphoscintigraphy(patient care) 1/20 60 37.34/0.04 Injection site Technologist(NM) 0.58/ 74.7
Lymphoscintigraphy(scanning) 45 0/0.50 Flood source Technologist(NM)
Surgeon 10/30 3600 22.35/2.47 Injection site Surgeon 2.47) 224
Scrub nurse 0/100 3600 0/0.22 Injection site Scrub nurse 022/ 0
Sentinel LN (Obtaining, Dissecting fat) 5/30 15 0.025/0.007 Senfinel LN Technologist(Path ")
Sentinel LN (Freezening,plating, OTC) 5/30 15 0.025/0.007 Sentinel LN Technologist(Path)
Sentinel LN(,microtome) 5/30 60 0.0200/0.0006 Microtome Technologist(Path) )
Sentinel LN(Making slide) 5/30 60 0/0 Slide Technologist(Path) ~ Technologist(Path)
Sentinel LN (Reading slide) 5/30 300 0/0 Slide Pathologist 0.10/ 3.21
Breast specimen (Formalin) 5/30 300 0.6676/0.0184 Breast specimen  Technologisi(Path) Pathologist
Breast specimen (cleansing, overnight) 5/30 300 0.3338/0.0092 Breast specimen Pathologist 0.01/ 043
Breast specimen (cleansing, overnight) 5/30 600 0.6676/0.0184 Breast specimen  Technologist(Path)
Breast specimen (Making slide) 5/30 120 0/0 Slide Technologist(Path)
Breast specimen (Reading slide) 5/30 300 0/0 Side Pathologist
Left specimen to discard 10/30 30 0/0 Left specimen Technologist(Path)

*NM=Nuclear Medicine TPc:tthcx’rhology
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Table 3. Exposed dose to the faculties, calculated using actual residual radioactivity

Whole body Sv) Finger (uSv) Radioactive waste

NM* physician <0.2 12
NM technologist <0.2
Morton et al Br J Radiol, Maximum dose  Surgeon 19 13 Breast specimen: 0.6-1.2MBg
' 2003. per case Scrub nurse 0.2 (One day after)
Pathology technologist 25 9
Pathologist
- Surgeon 450
Nuklearmedizi Mean dose per
Brenner et al.'® Scrub nurse 50
n. 2000. year Pathologist 210
Waddington Eur J Nucl Mean dose per Breast specimen: 0.94 MBg
et al. Med, 2000  case Surgeon 0.34 % Sentinel node: 47kBq (after 24hours)
Stratmann Am. J surg Surgeon 13.3 3425
ef alt 1999 Mean dose rate  potioiogist 38 186.8
NM physician 0.03 29.7
NM technologist 0.58 74.7
Surgeon 247 22,35
Our study gﬂ;xgirg dose  Scrub nurse 0.22 0 0.164 MBa,
Pathology technologist 0.10 321
oY 9 0217 0.85¢
Pathologist 001 0.43

*NM: Nuclear medicine

The relationship between ambient equivalent dose rafe and absorbed dose rate is 1 mR/hr = 10 pSv/hr. Mean operation time was Thour.
Actual values which were measured using thermoluminescence dosimeter.
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