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TECHNICAL NOTE

I ntraoper ative Gamma Probe for Sentinel Node L ocalisation:
Evaluation Study

SK Yu,! KM Ma,? KN Wong,?J Leung,' LC Leung?

"Medical Physics Division, 2Department of Nuclear Medicine, and *Department of Surgery, Tuen Mun
Hospital, Hong Kong

ABSTRACT

Success of sentinel node localisation during surgery may depend on the performance of the gamma probe
system used. Hence, evaluation of the gamma probe system isimportant and is an integral part in the accept-
ability and use of the equipment. Necessary requirements of gamma probe systems have been suggested and
published by various researchers. However, detailed information on the acceptability of the equipment
remains limited. We performed an acceptability study on a newly purchased gamma probe. The system under
evaluation showed good precision, with a coefficient of variation of less than 1%. The 11-mm probe was a
good choice for detecting superficial nodes, and the 14-mm probe was a good choice for detecting nodesin
deep locations. In the evaluation of the ergonomic characteristics of the system, good performance was
observed in terms of display and sound clarity. However, a hard copy of the measured count rate could not be
produced. Battery capacity was found to be only about half of the value specified in the operation manual.
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INTRODUCTION

The concept that the sentinel lymph node (SLN) isthe
first node to have metastatic involvement if there has
been lymphatic spread was proposed by Cabanasin
1977.2 The SLN can be visuaised using ablue dye. An
alternative technique isto inject a radiopharmaceutical
near the site of the primary tumour and to use an
intraoperative gamma probe to locate the SLN in the
lymphatic bed. The SLN locations have a higher gamma
count rate than the background rate. This radioguided
technique is now commonly used to locate the SLN in
melanoma and breast cancer,*® in combination with the
blue-dye technique.

A wide range of gamma probe systemsis commercialy
available, with different detector materials, detector sizes,
and collimation abilities. Various methods of evaluat-
ing these machines have been proposed.®® Performance
evaluation includes sensitivity, spectral resolution, and
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ergonomic characteristics.®® In Hong Kong, the Navi-
gator GPS system (United States Surgical Corporation,
Norwalk, CT, United States) isthe most commonly used
gamma probe system. However, performance evalua-
tion of the system has not been reported. This article
investigates the acceptability of a recently purchased
system at the Tuen Mun Hospital.

TECHNIQUE

System Components

M easurements were made with the Navigator GPS sys-
tem (Figure 1), which had 2 cadmium-zinc-telluride
probes of 11-mm and 14-mm diameters, a control unit,
2 probe cables, an optional remote control (CoPilot)
device, a charger, and 2 batteries. Both probes had in-
ternal collimators, and an external collimator was aso
provided for the 14-mm probe.

Energy Window

With the use of the threshold control button (Figure 2),
the system could be operated in 2 modes: ‘threshold
on’ (i.e., the default setting with the threshold control
enabled) and *threshold off’ (i.e., with the threshold
control disabled). Inthelatter mode, measurementswere
performed using a fixed-energy window of 23 to 525
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Control unit

I4-mm probe with external collimator

Figure 1. The Navigator GPS system.

keV, as opposed to the quoted values of 27 to 364 keV
in the operating manual.* In the ‘ threshold on” mode,
the energy window used for acquisition depended on
the selection of isotope in the rear panel of the control
unit (Figure 2b). The energy window was preset by the
manufacturer and alteration was not permitted. For tech-
netium Tc 99m, iodine | 125, indium In 111, and iodine
| 131 settings, the windows in the ‘threshold on’ mode
were 105 to 160 keV, 27 to 40 keV, 123 to 277 keV,
and 264 to 394 keV, respectively.
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Display

The display of the system showed the instantaneous
count rate in counts per second (cps) under normal
operation. The count rate was measured at 0.1-s
intervals, and the result was updated on the display at
the same rate. When the count control button (Figure
2a) was pressed or the upper button of the CoPilot de-
vice was double-clicked, the system started a 10-s
measurement. A 1-s measurement could also be initi-
ated by single-clicking the upper button of the CoPilot
device. During the measurement interval, counts accu-
mulated continuously and were shown in the display.
When the measurement time elapsed, the total accumu-
lated count was displayed for 4 seconds. The display
then showed the instantaneous count rate again.

Calibration

A system calibration check was required before any
measurements were taken. As recommended in the op-
erating manual,*° cobalt Co 57 was used as the refer-
ence source for the calibration check. However, the
measurement conditions and the number of measure-
ments required for calibration were not described in the
manual. Thus, 8 measurements were arbitrarily selected
and all of them were performed without the external

(a)

Thresheld control button Count control button

(b)

Figure 2. (a) Front of control unit showing location of the threshold control and count control buttons, and (b) rear showing calibration

control and isotope selection switches.
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Table 1. Results of calibration tests for 11-mm and 14-mm probes at each calibration position, during a 10-s measurement period (n = 8).

11-mm probe 14-mm probe
- 0 + - 0 +
Mean count 2810.9 4465.4 466.8 2966.1 6031.0 624.9
Standard deviation 39.3 67.4 26.1 42.5 77.0 22.6
Ratio* 0.630 (0.012) 1 0.105 (0.006) 0.492 (0.007) 1 0.104 (0.004)
Maximum 2864.0 4567.0 505.0 3017.0 6140.0 664.0
Minimum 2751.0 4388.0 429.0 2881.0 5943.0 587.0
Median 2820.0 4459.0 462.5 2973.5 6009.5 623.5

*Ratio of the mean (standard deviation) value to the mean (standard deviation) value at the ‘0’ position.

collimator and in the ‘threshold on” mode for each cali- Battery capacity was also checked. According to the
bration control setting (i.e., ‘-, ‘0", ‘+") intherear panel quoted specifications,* the battery was of alead-acid
of the control unit (Figure 2b). type and provided a nominal output 12 V with a nomi-

nal capacity of 2.0 ampere-hours (Ah). A fully charged
The system was considered to be calibrated if the value new battery should last for 4 hours’ continuous
obtained in the ‘-’ position fell between the values ob- (nominal) operation. Thus, the nominal current driven
tained inthe ‘0’ and ‘+' positions.** When the system by the system was 500 mA (i.e., 2.0 Ah divided by 4 h),
was operating in the calibration mode, the energy win- and the resistance of the system was 24 Q (i.e., 12V
dow corresponding to different energy ranges with re- divided by 0.5 A). Given this information, the circuit
spect to the photopeak of the selected isotope was used shown in Figure 3 was built; results showed a signifi-
at different calibration control positions: low for the *-’ cant deviation of about half of the expected value
position, centre for the ‘0’ position, and high for the ‘ +' for the capacity of the supplied batteries. As listed in
position. The energy rangein the calibration modewas  Table 2, with the measurements based on the quoted
narrower than the energy rangein the normal scan mode. specifications,'® each battery could provide enough
However, the preset energy windows used for calibra- power for only approximately 2 hours’ continuous
tion were not provided. To assess the stability of the  operation.
photopeak for quality control, ratios were calcul ated as
the result obtained at the ‘-’ and '+’ positions divided
by the result at the ‘0’ position. As shown in Table 1,
the ratios of the mean (standard deviation) were 0.630
(0.012) for *-" and 0.105 (0.006) for ‘' +* for the 11-mm 12V
probe, and 0.492 (0.007) for ‘-’ and 0.104 (0.004) for T 24Q
‘+’ for the 14-mm probe. Decision-making on the basis
of the photopeak stability could then progress. For
example, the newly acquired ratios should not deviate
by more than 2 standard deviations from the mean val- Figure 3. Circuit diagram for battery capacity test.
ues obtained on the date of acceptance. Abbreviations: A = ammeter; V= voltmeter.

®

Er gonomic Characteristics and Battery Table 2. Results of battery capacity tests.

C ap acity Operating time Voltage (V) Current (mA)
: N L minutes

Ergonomic characteristics were checked qualitatively ) Battery 1 Battery2 Battery1 Battery?2
for the audio signal and display screen; normal func- 0 12.80 12.80 581 582

. 30 12.40 12.41 563 564
tlon_al pe_rformance was opserved. '_I'he voI_ume of th_e 60 1206 15 05 A7 518
audible signal could be adjusted satisfactorily from si- 90 11.68 11.67 530 531
lent to loud, and different pitches could be identified if 120 11.23 .21 510 512
different audible ranges were selected. The size and the ]gg 13;; ‘g-:j’f;‘ gﬁg jgg
illumination of the display were sufficienttoallow clear 14 6.50 6.46 205 203
visualisation from a few m_etr% distance. However, Notes: The mean tolerance voltage during system operation was not
there was no feature to obtain a permanent record: all specified in the manual and was assumed to be 12 V (standard deviation, 1

p 1
B : : : : V). The estimated battery capacity — the sum of the products of the

aUdI_ble and visual information was |ost without the use measured current and operating time, up to 120 minutes — was 1.093 Ah
of dictation. for battery 1 and 1.095 Ah for battery 2.

42 J HK Coll Radiol 2005;8:40-48



Figure 4. A cobalt Co-57 pen source was placed in touch with the
centre of the 11-mm gamma probe to measure sensitivity.

Sensitivity

Sensitivity was defined as the measured count rate per
source activity (cps’kBq). For comparison of sensitiv-
ity performance of the probes in different operation
settings, a fixed source of an aged Co-57 pen (100 pCi
on the reference date; 7.41 mCi or 274.2 kBq on the
date of measurement) was used. The aged source was
used to simulate the level of activity uptake in the tar-
get (i.e., about 1% of initial injected activity of 0.5 mCi).
A high-activity source was not used because the dead
time of the system might have caused considerable
underestimation of the measured sensitivity. For all
sensitivity tests, the source wasimmersed in water in a
water phantom system (RFAplus; Scanditronix Medi-
cal AB, Uppsala, Sweden).

During the measurement of the maximum sensitivity of
the probes, the probe was moved to the water surface so
that the centre was touching the source (Figure 4). For
the 14-mm probe, which had an externa collimator, the
probe was moved upwards so that the surface of the
external collimator was just touching the water surface,
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thereby leaving an air gap between the source and the
probe. This set-up simulated the air gap between the
probe and a patient’ s skin surface. For each probe, thirty
10-sand thirty 1-s measurements were taken. Measure-
ments were repeated for different modes of operation
(i.e., ‘threshold on’ and ‘threshold off’). For the 14-mm
probe, measurements were performed with and without
the external collimator. To evaluate the probe sensitiv-
ity to background radiation, all measurements were
repeated with the source removed. The precision was
calculated as the percentage coefficient of variation,
which was equal to the percentage standard deviation
of the count rate divided by the mean count rate.

The results of the sensitivity measurements are shown
in Tables 3 to 5. For different probes and settings, the
precision (percentage coefficient of variation) during a
10-s measurement period was less than 1%, and all
measured background count rates were nearly zero.
The sensitivity of the 11-mm probe was 4.8 cps/kBq
and the sensitivity of the 14-mm probe was 6.0 cpg/kBq
(i.e., 20% higher) when operated in the ‘threshold on’
mode. When the external collimator was added onto
the 14-mm probe, its sensitivity decreased by 35% to
3.9 cps/kBg. Similar results were obtained for the 1-s
measurements. When the probes were operated in the
‘threshold off’ mode, the sensitivity increased by more
than 2.5 times: 2.7 times for the 11-mm probe (from
4.810 13.1 cpg/kBq) and 2.6 times for the 14-mm probe
with the external collimator (from 3.9 to 10.1 cps/kBQ)
and without it (from 6.0 to 15.4 cps/kBq).

Dead Time

In the investigation of dead time of the probes, a Tc-
99m point source was placed in the centre against the
probe. The source (activity of 0.38 mCi or 14,060 kBq
at time 0 s) was made by adding adrop of Tc 9mto a
tiny cotton ball (<1 mm in diameter) and then sealing

Table 3. Results of sensitivity tests for the 11-mm probe for cobalt Co 57 in ‘threshold on’ and ‘threshold off’ modes during measurement

periods of 10 s and 1 s (n = 30).

Count rate (cps)

10-s measurement

1-s measurement

Threshold on

Threshold off

Threshold on Threshold off

Background Co 57 Background Co 57 Background Co 57 Background Co 57
Mean 0.1 1327.5 0.5 3586.4 0.1 1309.9 0.4 3572.1
Standard deviation 0.1 13.0 0.2 16.1 0.3 2.9 0.5 5.6
Coefficient of variation (%) 116.7 1.0 47.0 0.5 300.0 2.2 125.0 1.6
Maximum 0.3 1357.4 0.9 3617.3 1.0 1391.0 1.0 3681.0
Minimum 0.0 1300.3 0.1 3555.2 0.0 1250.0 0.0 3425.0
Median 0.0 1326.4 0.5 3586.7 0.0 1311.0 0.0 3573.5
Sensitivity (cps/kBq) 4.8 13.1 4.8 13.0
J HK Coll Radiol 2005;8:40-48 43



Gamma Probe for Sentinel Node Localisation

Table 4. Results of sensitivity tests for the 14-mm probe for cobalt Co 57 in ‘threshold on’ and ‘threshold off’ modes during measurement

periods of 10 s and 1 s, without external collimation (n = 30).

Count rate (cps)

10-s measurement

1-s measurement

Threshold on

Threshold off

Threshold on Threshold off

Background Co 57 Background Co 57 Background Co 57 Background Co 57
Mean 0.1 1636.7 0.7 4219.4 0.2 1619.0 0.9 4211.3
Standard deviation 0.1 12.2 0.3 15.8 0.5 38.8 0.9 61.3
Coefficient of variation (%) 122.2 0.8 40.3 0.4 250.0 2.4 100.0 1.5
Maximum 0.3 1654.4 1.3 4250.5 2.0 1683.0 3.0 4329.0
Minimum 0.0 1608.6 0.3 4171.4 0.0 1548.0 0.0 4088.0
Median 0.0 1637.4 0.6 4217.6 0.0 1623.0 1.0 4203.0
Sensitivity (cps/kBq) 6.0 15.4 5.9 15.4

Table 5. Results of sensitivity tests for the 14-mm probe for cobalt
Co 57, in ‘threshold on’ and ‘threshold off’ modes, with external
collimation (n = 30).

Count rate during10 s (cps)
Threshold on Threshold off

Mean 1071.5 2787 1
Standard deviation 7.0 4.1
Coefficient of variation (%) 0.7 0.1
Maximum 1085.7 2864.9
Minimum 1061.8 2705.4
Median 1070.2 2781.6
Sensitivity (cps/kBq) 3.9 10.2

the ball with adhesive tape. Five 10-s measurements
were taken in the ‘threshold on’ mode at different
intervals. The sensitivity at different activity levels
(i.e., at different times elapsed) was then calculated for
each probe. The maximum sensitivity of each probe
for Tc 99m was not the one measured at time zero
(i.e., high dead time expected), but the one measured at
alater time (i.e., minimal dead time).

As shown in Table 6 and Figure 5, the sensitivity in-
creased as activity decreased, reaching a plateau at ap-
proximately 600 kBg. No noticesble dead time effect was
expected for an injected activity of less than 60 MBq
(1.62 mCi), and uptake in the superficial SLN was 1%.

Spectral Resolution

Because the measurement results of the sensitivity
profile are a combination of spatial and angular re-
sponses of the equipment, the term ‘ spectral resolution’
was used in a generalised manner to represent the spa-
tial sensitivity spectrum. For the assessment of the spec-
tral resolution, sensitivity profiles were measured with
the probe fixed just against the water surface, while the
Co-57 pen was moved to different lateral positions and
at different depthsin the water. The source movement
was controlled by the software of the RFAplus water
phantom system, and the accuracy was quoted as + 0.1
mm. The origin (X, Y, Z =0, 0, 0) was defined as the
position where the source and the probe were centred
and in touch with each other. A 10-s measurement was
taken at different lateral positions (X) from -15 mm to
+15 mm at 1-mm increments and at different depth po-
sitions (Z) from 0 mm to 30 mm. Different increments
were used at different depths (Z): 1 mm for O to 10 mm,
2 mm for 10 to 20 mm depth, 5 mm for 20 to 40 mm,
and 10 mm for 40 to 70 mm. |sosensitivity curves, which
illustrated the position of the same sensitivity as a per-
centage of the maximum sensitivity, were plotted using
the built-in feature of the RFAplus software. The soft-
ware was also used to calculate the spectral resolution

Table 6. Sensitivity of probes for a technetium Tc-99m point source, in the ‘threshold on’ mode without external collimation (n = 1).

Source activity (kBq) Count rate (cps) Sensitivity (cps/kBq)
11-mm probe 14-mm probe 11-mm probe 14-mm probe

11,311 23,010 26,052 2.034 2.308
9,330 23,839 25,618 2.555 2.746
8,075 23,142 24,681 2.866 3.056
5,765 19,948 21,940 3.460 3.806

621 3,311 3,845 5.328 6.188
493 2,985 3,157 6.052 6.402
391 2,157 2,494 5.511 6.372

44 246 276 5.643 6.341

31 194 205 6.300 6.644

24 142 160 5.796 6.548

21 129 147 5.937 6.735
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Figure 5. Dead time evaluation for 11-mm and 14-mm probes.

of each sensitivity profile in terms of full-width half-
maximum (FWHM) value. FWHM is defined as the
width of the profile at alevel that isjust half the maxi-
mum ordinate of the peak.™* Obviously, the smaller the
FWHM, the better the spectral resolution.

Theisosensitivity curves were plotted in an X-Z plane
(Figure 6). Because the X-axis (the vertical) was along
the lateral position of the probe, a narrower isosensitiv-
ity curve in the X-axis implied a better spectral
resolution. Similarly, alonger isosensitivity curvein the
Z-axis reflected a better detectability of deep-seated
nodes. Intuitively, best spectral resolution was obtained
using the 14-mm probe with the external collimator.
Visually, however, no remarkable difference was found
in spectral resolution between *threshold on’ and * thresh-
old off’ modes. Better depth detectability was observed
in the isosensitivity curvesfor the 14-mm probe than in
those for the 11-mm probe. The external collimator was
also shown to provide better depth detectability for the
14-mm probe than for the 11-mm probe.

The spectral resolution decreased (i.e., FWHM
increased) as the depth increased (Table 7). At super-
ficial depthsfrom 0 to 3 mm, the 11-mm probe had the
best spectral resolution; at deeper depths, however,
resolution deteriorated rapidly and became inferior
to that of the 14-mm probe. This result was not a sur-
prise, because spectral resolution would be affected
not only by the detector size but also by the internal
collimator design? and probe sensitivity.** For the
14-mm probe, spectral resolution had a slower rate of
deterioration with depth when it was operated with the
external collimator.

DISCUSSION
Intraoperative gamma probes were used to locate the
first draining lymph node from atumour — the SLN —

J HK Coll Radiol 2005;8:40-48
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in melanoma and breast cancer.?® Use of intraoperative
probes decreased surgical time, decreased patient
morbidity, and improved staging accuracy. Success of
this technique relied on the performance of the gamma
probe, which included absolute sensitivity, spectral
resolution, and appropriate ergonomic characteristics.

Recently, the National Electrical Manufacturers
Association (NEMA) published a standard guideline
for evaluating the performance of non-imaging intra-
operative gamma probes.® Unfortunately, most of the
recommended eval uation tests could not be implemented
for the gamma probe system use in our study. One of
the reasons was the inability of the system to achieve
the required high counting statistics. For example, the
NEMA test for sensitivity through side-shielding in air
requires at least 1000 counts. But the side-shielding of
our gamma probe was effective enough that only tens
of counts would be recorded during the 10-s acquisi-
tion time. In addition, the NEMA test for energy reso-
[ution requires measurement of counts at each energy
channel, which was impractical (if not impossible) for
our system. Thus, we had to use our designed protocol
to evaluate the system.

The gamma probe system under evaluation in this study
showed good precision with a coefficient variation of
lessthan 1%. The mean (standard deviation) background
count was nearly zero (11-mm probe, 0.06 [0.07] cps;
14-mm probe, 0.09 [0.11] cps) when no radioactive
source was around. If significant fluctuations in
the count rate measurement are only due to counting
statistics, which follow a Gaussian distribution, then the
minimum detection activity (MDA)® can be estimated.
According to the Curries equation, the mean number of
net counts (N,) corresponding to the MDA that achieves
false-negative and false-positive rates of no larger
than 5% can be calculated as follows:

Np= 4.653% 4Ny, +2.706

Bkg

where N = backgound count rate
9

Thus, the N is 3.8 and 4.1 cps for the 11-mm probe and
14-mm probewithout collimator, respectively, for the back-
ground area without radioactivity (in the ‘threshold on’

mode). In other words, one could conclude that the area
being measured isradioactiveif the measured count rateis
higher than the N . Because the sensitivity of the 11-mm
probe was 4.8 cps/kBq and that of the 14-mm probe was
6.0 cpg/kBq, the corresponding MDAs with anon-radio-

45



Gamma Probe for Sentinel Node Localisation

Colour
|
|
|

D TRLRRIRIRIERLR
L 2000000000
OdrdA O ITOHON~ OO
N
A
=
O
=
c
©
<
o
p -
..nuw
=
[0}
Ke]
o
-
o

11-mm probe

14-mm probe
without external collimator

14-mm probe
with external collimator

Threshold off

Threshold on
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Table 7. Spectral resolution as the full-width half-maximum (FWHM) of the sensitivity profile for 11-mm and 14-mm probes in ‘threshold

on’ and ‘threshold off’ modes, according to cobalt Co-57 source depth in water (n = 1).
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FWHM (mm)

Source depth (mm)

11-mm probe

14-

mm probe with

external collimator

14-mm probe without
external collimator

Threshold on

Threshold off

Threshold on

Threshold off

Threshold on

Threshold off

0 1.7 10.9 13.0
1 12.3 11 13.5
2 13.8 13.0 13.7
3 14.5 13.6 14.4
4 16.2 15.5 14.7
5 16.5 15.5 1561
6 18.8 17.7 16.7
7 18.8 18.0 16.1
8 20.6 19.5 16.5
9 21.4 21.0 174
10 23.7 21.5 17.3
12 24.5 23.0 18.2
14 27.0 26.0 19.2
16 28.6 29.0 20.7
18 * * 21.5
20 * * 22.3
25 * * 25.0
30 * * 25.6

13.0 12.8 12.7
13.1 13.0 12.9
13.7 14.0 13.9
13.9 14.4 14.3
13.8 15.4 15.4
14.8 15.6 15.7
15.0 16.6 17.0
15.8 17.3 17.5
15.9 17.9 18.2
17.0 18.5 18.7
17.5 19.5 20.1
18.3 20.4 21.2
20.0 21.9 23.6
20.5 22.9 238.7
21.9 25.5 26.2
22.4 28.0 27.4
27.2 * *

28.0 * *

*FWHM could not been calculated because of too much noise and fluctuation in the sensitivity profile. Note: Results of source depth larger than 30 mm were

not tabulated because FWHM could not been calculated by the software used.

active background were then 0.80 kBq and 0.68 kBq,
respectively. For aninjection dose of 0.5 mCi (18,500 kBq),
the MDA was 0.0043% and 0.0037% of the injected
activity for the 11-mm and 14-mm probes, respectively.

The dead time of the system can affect the ratio of ac-
tivity in the SLN to activity in surrounding normal tissue.
The dead time of the system reduces the measured count
rate, but limiting the injected activity can rectify this
effect. For superficial SLNs with a 1% uptake, the in-
jected activity of Tc 99m should be less than 1.62 mCi,
which islarger than the commonly used dose of 0.5 mCi
(usually <0.2 mCi in our practice). Thus, dead time
should not be a concern clinically.

Sensitivity is sometimes crucial in finding low-uptake
or deep-seated nodes’; it can be increased by using a
full-energy window acquisition mode. In this study,
asignificant increase in sensitivity (e.g., >2.5 times at
adetector to source distance of 0 cm) could be obtained
by switching from the ‘threshold on’ mode (i.e.,
photopeak energy window) to the ‘threshold off’ mode
(i.e., full energy window). However, the background
also increased accordingly (to 0.45 [0.21] cps for the
11-mm probe and 0.70 [0.30] cpsfor the 14-mm probe),
and the MDA changed to 1.21 kBq and 1.10 kBq
(0.0065% and 0.0059% of 0.5-mCi injected activity)
for the 11-mm and 14-mm probe, respectively. Although
more scatter radiation was expected using a wider

J HK Coll Radiol 2005;8:40-48

energy window, significant degradation in spectral reso-
[ution was not observed in this study.

In the evaluation of spectral resolution performance, the
11-mm probe showed the best spectral resolution at su-
perficial levels from 0 to 3 mm. However, the 11-mm
probe became inferior to the 14-mm probe at deeper
water levels. Thus, the 11-mm probe was agood choice
for detecting superficial nodes, and the 14-mm probe
was agood choicefor detecting nodesin deep locations.
These differences may have been incorporated in the
probe design, because the name of the 11-mm probein
the manufacturer’s manual was “superficial head and
neck probe” and that of the 14-mm probe was “ stand-
ard lymphatic mapping probe” .° Further improvement
in spectral resolution for detecting deep-seated nodes
could be achieved by mounting an external collimator
onto the 14-mm probe at the cost of decreasing the
sensitivity by about 35%.

In the evaluation of the ergonomic characteristics of
the system, good performance was observed in terms
of display and sound clarity. However, a hard copy of
the measured count rate could not be produced, and a
permanent record wasthus not availableif readingswere
not dictated. In the evaluation of the CoPilot feature of
the system, the lack of indication for the initiation of
a l-scount (single click) or a 10-s count (double click)
might lead to confusion. We recommend that the user
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avoid using the CoPilot system. Battery capacity was
found to be only about half of the value specified in
the operation manual. Users should aware of this
discrepancy, because battery recharge took about 1 hour.
Furthermore, if a battery runs out during surgery, it can
be troublesome and unlikely to be an acceptable excuse
for afailed study.

In conclusion, an intraoperative gamma probe system
is required for sentinel lymph node detection, but as
with other tools, a better understanding of gamma probe
performance leads to better system utilisation and better
outcomes. Unfortunately, detailed system information
may not always be found in the operation or service
manuals. Evaluation of the gamma probe system isim-
portant and should be performed during accept-
ability studies, preferably prior to purchase. In addition,
a detailed examination of the specifications available
should be performed. As suggested by Britten,® “awide
range of probe systems are available with different
detector materials, detector sizes and collimation, and
evaluation isrequired prior to purchase and use”.
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