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A small dimension intraoperative probe
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Abstract This article introduces t}le u8age of the iⅡhaopcmtive probe iIl slIr 91c；Ll

based on RGS and proposes。Ⅱe mcthod to de8追Il tllo prohe．AIso，a char印一sensi“vP

preampl讯er used in 8erniconductor detector was constructcd whifh can reducc t}lt、

dimen8ion of the probe． At las‘th。probe b testcd by soⅡle animal e。periIIlelltH

Resul拓8howed that the propcrty of this system are reliable．
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1 INTRoDUCTIoN

Every year many people die from cancer．The task of pre出cting which patieIlt can

survjve thejr disease js di历c111t and depends on num盯ous factors洒cludjng st89e，tmnor

grade，DNA studjes，aIId the presence of 1yII】【phatic or vascular invasion． One of t11e

most important factors iII deterIIlining s11rViVal is the presence of regional lymph node

nletastases The clinical sigIlificance of occlllt rnjcrometastatic extrahepatic disease has

not been determiIled．The ability of the surgeon to identify subclinjcal工nicrometastatic

disease js腼ted to visual and tactjle senses，血addi￡ion to suf西cal instincts These
tradjtional Inethods are crude，and may be au耵nented with a newly ev01ving modality

known as radiogujded s11rgery(RGs) This technique has deVeloped over the past tw。

decades both in the laboratory and clinica】settings．[1】

By taking advantage of the pro】(imity to radioactive sentinel no“s and occult n1_

mors achjeVabk iIl a丑operatiVe setting，iIltraoperativ8 pTobes are beco血ng increasiIlgly
import aIIt in the s11rgical maIIagement of cancer，detection and l。cahzation of tumors．

especiaⅡv small tumors．【2J

In this article we describe the design and testing of a CdTe se工11iconductor detector

Because the kev to reduce the dimensi叽of the Drobe is to reduce the dimension of the

preamp断er，【J』we giVe an iIlstance of a rnicro_charge sensitive preaInp哳er．The animaI

experiments，which were conducted to evaluate the pT。perty of the designed probe，were

also stlldied
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2 DETECToRS

Radiatlon detectors can generaUy be characterized as either scintillation or i01l‘

ization detectors in terms of tlleir 0peration In scintiuation detectors，visible U91lt，

produced as radiation—excited atoms of a stopping medim(crystal)，is converted i11t()
an elect“cal pulse In ionization detectors free electrons produced as radlation lonjzjllg

a stopping medium are coⅡected as an electrical pulse．Because the scintillation detecL()I

is 1arger and its energy resohltion is worse than the se血conductor detectorl we ad。pt
the seTnjconductor．SeInjconductor is one tvDe of ionization detector【4

This detector contains a paraUelepiped Cdlle cryst出1 cm×1 cm×1 cm and a sIIlau

dimensjon charge—sensitive preampMer．The key to reduce the dimension of the detect。1'
is to reduce the size of the pre锄pli6e。
So a smau charge—sensitive preanlph矗er is designed to satisf，the request，the malll

circuit is composed of SiUcon JuIIction neld E艉ctⅡansistor(JFET)and 11lte酗ated

operational arnpn丘er AⅡcomponents are S．M．D exc印t JFET，feedback resistor an(1

feedbacl【capacitor． The total size of the prempli丘er is 10 mm×100 rm×5 mm Tlle
basic circuit of the charge sensitiVe of the prearnpⅡ丘er is shown in Fig l

Fig．1 Basic circuit of the charge sensitlve preamplmer

The JFET adopts CS(Conunon．Source)connection，the feedback resistor coIl—

necting its Grid is used to stabilize tho qll主escent point and to discharge the feedback

capacitor q(q=q)，the voltage of its grid wiⅡbe越ollnd ov h thjs stati011

noise of JFET becoInes the lowest． Resistor R5 and R4 are used to hrnjt the cLIr-

rent ofthe Drain，jt c锄be dec主ded according协the虹a工lsfef characteris￡ic ID一比s

№=％ss(1一％s／睇)2(o≥％s≥K)1．
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The transistor fbUowinE the JFET can satisf，common—mode iⅡput of the opera—

tion“ampli矗er．MAX437 is selected as an operational aⅡlpUfier Its open一100p gmn 1s

100dB，which satis矗es(1+Ao)Q>>G(a is the血put capacitance of the detector)，su

the sensmvity 0f the prearnpli丘er is 1／G．A1so，。apacitor西between input ter面nal an(1

output ter曲“re“zes aItemating c11rrent feedback，capacitor e3 reanzes alternatillg
cuTrent coupling，and resistor R11 completes iInpedance matching

The output voltage of the PoWer supply is士12 V．Its却ple Voltage is reduced})y
using RC mter circllit．Considering the power supply may also contain ripple that will

not be completely reduced by the RC circllit，RC右lters are added at the pomt close

to MAX437 on both the p。sitive and negative power supply Unes It is known that a

little distllrbance of ID will briILg lligh noise to the circlIit，single-stage RC矗lter ciTnllt

is added iIl丹ont 0f R4 to reduce the disturbance of the power supply

The tot以size of the preaIrlph矗er is 10玎珈×100ⅡⅡn×5Ⅱ1m，the nojse is l 8 keV

fGe)，the rise time iS 1ess thaII 30 ns，and the fau time is 1．5 ms． (Measured undcr

the condition of no input capacitaⅡce，and using Gaussian shapiIlg咖p1讯eT with time

constant=10—6 s)w音use 57Go(122keV)to ev缸uate this type of detector and compare

to CsI detect。r．The energy res。1ution of the Cd’】、e detector is 9．5％．The following Flg．2

aJld Fig 3 aTe the energy spectrum of the two detectors
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Fig．2 Pulse height spectra for CsI Fig．3 Pulse height spectra for C(1’rf、

3 CoNTRoL UNIT

As shown in Fig．4，the si印al矗om detector is a工11pHned by main—amp墟er，the
g出n 0f the啪pli矗er can be adjusted through SGM，the theshold vaIue of SCPA(sillgle
charulel plllse aIIalyzer)can be chaIlged throu曲two DAc0832，which are controucd hy
SCM The spectrum caIl also be measwed．The data can be processed on PC，thtls w。

can evaluate the detector by tMs way．
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COnt帕I s叼怕l ofgam

Fig．4 Simplmed schematics of n11clear detector

4 DESIGN FEATURES

The intraoperatiVe probe，as a cliIlic以instrllment，especiaUy one to be used in a

surgical settjng，many factors besides the performaIlce par啪eters of it shollld conSldered
by 8 prospectiVe user

The probe has remoVable sideshielding，interchaⅡgeable collimatoTs and detectors，

and user·adjustable energy wiIldow The real-time an以og count—rate display and audible

count rate tone are aV缸labk to help the doctor detect cancer The frequency of the tone

is decided by the count rate．The system is also anto—ranged．When the detected count

rate exceeds the m嫡mum count rate for a particlll甜range，the system automaticaUy
switches t。a higher colmt—rate range．The probe i8 portable and 1蟾htl so it can be used

in operating system easil y1 wlLich are usuaUy rather crowed with instrllmentation an cl

personnel．The two type detectors themselVes are small，light，and compact to simlllate

surgical instruments to which surgeons aTe accustomed and to provide easier detector

access to certain iIlternal tissues．

5 ANIMAL EXPERIMENTS

h order to evaluate the property of the designed probe，we conducted some animm

experiments．IⅡthese experiInents，we used the probe to detect the uptake ofnanoco儿oids

by rabbits’lymph nodes．we pr印ared the two di舵rent p盯ticle sizes of antimony吼lmde
nanocoUoids and labeledby 188Re．卧e mean diameters of them were 10．2 nm and 44 7 11rn
respectively

White New ZeaJand rabbits were injected subcutaneouslv on the dorsum of the

hind foot with t、阳kinds of 188Re—Sb2S3．The uptake of them by p叩Uteallymph node

and in91linal lyInph node、耽re measured quantita“vely Reslllts were shown in F培5 and

F培6．nom which we can see that the 1lighest uptake oflo．2m alld 44．7IlIll nallocolloids
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by poputeal lymph node reached 17．4％and 19 4％of the total after 1 5 to 2 hr posl

injection respectively(wMch was smlilar to 18．2％as reported川) The hjg}lest uptakc

by inguinal 1ymph node reached 4．7％and 4．2％of the total ab。ut 2 h post injectioll

respectively． At七he s锄e time，we can also see that though nanocoUoids with a Inean
paT“cle size 44，7nm have a s】ower uptakjIlg rate，they haⅣe a longer retention tinle儿l

Iyrnph nodes．

Fig．5 Uptah of nanocolloids with di乳rellt

particle sizes by popliteaIlymph node

6 CoNCLUSIoN

“mIn)

Fig．6 Uptake 0f nanocolloi山witll di骱lIⅢf

particlc size8 by ingulnallymph 110(1l、

The pr。be is portable，and its energy resohltion is exceUent The animal expe“一

ments show that the property of the designed probe was reliable，fbr the results。f the

experiments can reflect the biological properties of nanocoUoids with di骶rent kinds of

particle size
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